On the After-shocks of Earthqua,keé.
| | )
F. Omori, Rigakushi.

I.  General Considerations.

§ 1. A strong earthquake is almost invariably followed by
weaker ones and when it is violent and destructive the number of
minor shocks following it may amount to hundreds or even thousands.
When after-shocks are not reported to have happened it is probably
because they were deemed unimportant to record. Or it may be that
the seat of origin of the earthquake being very deep or far out under
the ocean-bed, the after-shocks did not reach the observer.

Complete records of after-shocks were obtained, I believe, for the
first time in the cases of the three recent great earthquakes in Japan;
namely, those of Kumamoto in 1889, of Mino and Owari in 1891,
and of Kagoshimyin 1893. The discussion of these records forms
the subject of the present paper.

§ 2. The numbers, daily, monthly, etc., of the after-shocks of
these three earthquakes, together with other matters relating thereto
are contained in Tables I—XXII at the end of the paper ; the shocks
being distinguished as “ violent,” “ strong,” and *“ weak " (or ¢ feeble ")
according to their intensity ; the total or aggregate intensity of a
number of shocks is obtained by multiplying each shock by one of the
coefficients 3, 2, 1, according to its intensity, and taking the sum of

the numbears so obtained. The after-shocks of the Mino-Owari earth-
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quake were recorded at the Meteorological Stations in Gifu, Nagoya,
Tsu, Kyato, and Osaka; those of the Kumamoto earthquake, first at the
Prefectural Office, and subsequently at the Meteorological Station in
Kumamoto; and those of the Kagoshima earthquake at the Police
Station and the District Office in Chiran in Kagoshima Prefecture.

§ 3. The number of after-shocks are found to diminish rapidly
with distance from the origin of the initial earthquake,’ as may be

seen from the following list :—

APTER-SHOCKS OF THE MINO-OWARI EARTHQUAKE.

Stations. Gifu. Nagoya. Tsu. Kydto. Osaka. Tokys.
Number of shocks ‘
during the first two 33654 12984 314 125 70 3)

years.

Distance in 7% from
the central part of the 7 15 25 .25 36 68
Neo-Valley.3 ] :

Of the six cities mentioned in the above table, Gifu, Nagoya, and
Tsu ave situated nearly along the axis of the depression which extends
from the Sea of Isé to the plain of Mino and Owari, while the remain-
ing three, Kyoto, Osaka, and Tokys are situated in a line roughly
perpendicular to this axis.  These two sets of places must be regarded
as distinet. + The decrease with distance in the number of after-shocks
is, in the case of the second group, seen to be more rapid than in the
inverse ratio.

In the case of the Kumamoto and Kagoshima earthquakes, the

1 The origin of the initial earthquake is not necessarily the same with those of the after
shocks, so that in the immediate neighbourbood of the origins the statement in the text is by
no means true.

2 1 ri=2.44 miles or 3.93 kilometres.

3 The earthquake of October 28th, 1891 was most violent in the Neo-Valley. See Dr. Kotd’s
excellent paper, ¢ On the Cause of the Great Earthquake in Central Japan, 1891.” (Jour. Sci.
Coll., vol. V. pt. IV); also § 35 of the present paper.

4 These numbers do not include the shocks within a few hours immediately after the
taarhquake, which®were not recorded. See Tables XI and XII, and also § 17.
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observing stations, Kumamoto and Chiran, may practically be con-
sidered as being on the respective epi-centres.

§ 4. Of the 3365 after-shocks recorded at Gifu during the first
two years, 10 were * violent,” 97 ¢ strong,” 1808 * weak,” and 1041
“feeble,” while in the remaining 409 only sounds were heard without
shocks. From Tables IV and V, it will be seen that, in the days
immediately succeeding the initial great earthquake, ¢ violent” and
“strong 7 shocks occurred very often, but that these became rarer as
time advanced. Of the 10 “ violent " shocks, 9 occurred within the
first four months and the remaining 1 in September, 1892, twelve
months after. The “strong’” shocks occurred all within the first
thirteen months, and the “weak ”" shocks all within the first twenty
months. It thus seems that at the earthquake-origin great instabilities
are removed quicker than small ones. Again, the numbers of “weak”
and “ strong 7’ shocks at Gifu during the first two years are greater
respectively than the total numbers recorded during the same time
interval at Nagoya and Osaka. Assuming that the after-shocks all
originated somewhere near Gifu,' it may be concluded that nearly two-
thirds of these had radii of propagation less than 10 17 and that only
one-fiftieth had radii greater than 35 r.

§ 5. The number of after-shocks of the Kumamoto earthquake
recorded at Kumamoto up to the end of 1893 is 922, including 1
‘““violent ” shock which happened on August 3rd, 1889, five days
after the initial earthquake, 76 “strong ’ shocks, and 845 “weak "
and “feeble” shocks and sounds. These shocks all extended over
small arezis, only the “violent” one reaching a distance greater than
20 7¢ from the origin.

§ 6. In the cases of the Mino-Owari and Kumamoto earth-

quakes, all the after-shocks were very much smaller in extent than

1 See § 83.
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the initial shocks. In the case of the Kagoshima earthquake, there
was a second great shock about four months after the first, but the
two had quite different origins.’

The frequency or activity® of after-shocks at a given distance
from the origin is different for different earthquakes, and depends
mainly on the magnitude of the initial shock, and at the epicentre,
of course on the depth of the focus also. I may here state that the
focal depths of the three great earthquakes we are discussing were all
comparatively very small, being probably between 2 and 4 7.

§ 7. The table following will serve for making a comparison of
the frequency and activity of the after-shocks of the three earthquakes
as observed at or near the epi-foci of the latter in the days immediately

succeeding the initial shocks :—

COMPARISON OF FREQUENCY AND ACTIVITY OF AFTER-SHOCKS.

(I) MINO-OWARI EQ. (IT) KUMAMOTO BQ. (1IT) KAGOSHINA EQ. (IV) RATTO % (V) RATI0 -(g—:)
Date. Treq. | Act. Date. Freq. | Act. Date. Freq. | Act. || Freq. Act. Freq. Act.
Oct. 29th, 1891 318 | 333 [|Tuly 30th, 18¢9|| 27 | 82 ||Sep. 8th, 1892|| 45 | 49 12 10 7.1 7.0
5 B0th, o, 173 | 193 |} ,, 31st, , 15 16 5, 9th, 44 49 12 12 4.0 4,0
s 3lst, 126 | 129 [|Aug. 1st, ,, 11 12 5 106h, ,, 28 29 12 11 4.5 4.5
Nov. 1st, , 99 104 | 4 2nd, 8 9 | o 11th, o, fi 23 | 23 12 12 4.3 4.5
TAVErage i, 12 11 5. 5.

- The Kumamoto earthquake took place on July 28th, 1889, at
11h. 49m., p.m.; the Mino-Owari earthquake, on October 28th,
1891, at 6h. 37m., a.m.; and the Kagoshima earthquake on September
Tth, 1893, at 2h. 46m., a.m. Though the freqﬁehcies and activities
of the first three groups, (I), (1), and (IIL), in the above table, which

1 See § 32.
2 “ Frequency ”’ means the number, and * activity ” the total intensity defined as in § 2, of
shocks during any given interval of time.



ON THE AFTER-SHOCKS OF EARTHQUAKES. 115

are put in the same Thorizontal rows, may not be strictly comparable
with each other, yet the ratios in the columns (IV) and (V) are seen
to be in each nearly constant. This will show that the law of decrease
with time in the frequency or activity of the after-shocks was nearly
the same, at least in the days immediately succeeding the initial
earthquake, in each of the three cases.

The dependence of the frequency or activity on the magnitude
of the initial disturbance is more clearly shown by the following table
of total numbers and activities of after-shocks during the first 30

days and the first 2 years :—

(I) MINO-OWARI EQ. || (IT) KuMAMOTO EQ. {[(TIT) KAGosHIMA EQ.|| (1V) RA’[‘IO’—('IL (V) RATIO

Time (1D
Tuterval.

(D
(111)

Number | Activity || Number | Activity || Number | Activity ||Number|Activity || Number|Activity

First 30 days. 1746 1821 340 385 v 278 292 5.1 4.8 6.2 62
1 2 years. 3365 3482 833 905 . 4.0 3.8

Now the total (land and sea) areas of disturbance of the Mino-
Owari, Kumamoto, and Kagoshima earthquakes were respectively about
54000, 6500, and 5000 square ri. The magnitudes of these earth-
quakes, therefore, if rvepresented by 'their areas, are in the ratios of
11:1.3:1 approximately; i.e., the Mino-Owari earthquake was
greater by eight or nine times than the Kumamoto earthquake, and
by eleven times than the Kagoshima earthquake. The frequency or
activity for the first earthquake is seen from the above table to be
greater by four or five times than that for the second, and greater by
six times than that for the third. If we compare together the two
earthquakes of Kumamoto and Kagoshima, we find that the ratio of
the frequencies or activities of their after-shocks for the first 30 days
is 1.3, which is equal to the ratio of their areas of disturbance.

Thus the proportionality of the frequency or activity to the area
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of disturbance is not strictly verified between these two earthquakes
and the Mino-Owari earthquake, and the number of after-shocks
for the last as recorded at Gifu seems to be comparatively too small.
It may be that the town of Gifu is not sufficiently near to the district
which is to be regarded as the proper centre of activity of after-shocks
of the Mino-Owari earthquake. 'The effect that may be due to
difference of focal depths must also be kept in mind.

Anyhow the frequency or activity of after-shocks increases with
the magnitude of the initial earthquake and therefore can to a
certain extent be regarded as a measure of the latter. Thus, for instance,
the Kumamoto earthquake of July 28th, 1889, was followed, on
August 3rd, five days later, by a second strong shock.  According to
the above criterion, the first shock was double or treble as great as the
second, the numbers of their after-shocks being in the ratio of 90 : 30
approximately.

§ 8. To show the time relation of after-shocks, curves have
been drawn, (Figs. 1,5,6,....), whose abscissae are equal intervals of
time, and ordinates the numbers or activities of after-shocks during
these intervals. The form of the curves drawn, in red, through the
ultimate mean positions will be seen to be very like that of a
rectangular hyperbola. .

§ 9. The time rate of decrease of the frequency or activity of
after-shocks is at first very rapid, but afterwards becomes slow and
Casymptotic.  As far as the rate of variation is concerned, the after-
shock curve may be regarded as consisting of two nearly straight
portions, during the first of which the rate is great, and during the
second of which it is small, the turning point occurring sooner with
smaller earthquakes. In the case of the after-shocks of the Mino-
Owarl earthquake this transition took place ten or twelve days after

the initial shock.
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§ 10. To deduce theoretically the time-relation of the activity (or
frequency) of after-shocks, it will be assumed, firstly, that the activity
at’any moment is proportional to the magnitude of disturbance in the
geotechtonic condition then existing at or near the origin of the initial
earthquake; and, secondly, that the reduction of this magnitude
depends on the corresponding activity of after-shocks ; that is, it is
assumed that the after-shocks remove so many points of instability or
weakness at the origin. It must also be supposed that each of the
after-shocks has its own series of secondary after-shocks depending
on its magnitude.

Let y=the activity of after-shocks at any instant of time z;
m=the corresponding magnitude of disturbance at or near the origin
of the initial earthquake, expressed in any arbitrary measure; and k, ¥
be constants.  We then obtain the following two equations :—

y=k. m 5
—dm=k"y.de—k" .y.dz,
whence, by integration, supposing k" to be constant,
y=a.b, : (@)
a and b being constants.

The logarithmic time-decrement of the activity of after-shocks
seems to be a likely one, when considered from the analogy of certain
physical phenomena, but the result obtained by applying equation (a)
to the records of after-shocks of the three recent great earthquakes is
not very satisfactory.

A formula which gives nearly satisfactory results is the follow-
ing,—

y=—r_,
Itz )

in which ¢ is the frequency (or activity) at time z, k and being
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constants. This equation which represents a rectangular hyperbola
may be deduced by taking terms only as far as the first power of x

from either of the equations—

y=k(h ey 224 ,

1
and Y= 5
‘ v PAgrtrett......
where i, k, . ..... and p, ¢, 7......are constants.

Equation (b) implies that the frequency varies nearly: in an
inverse ratio to the time.

§ 11.  The Mino-Owari Earthquake.

Let us apply equation (D) to the record of after-shocks taken at
the Gifu Meteorological Station. As may Dbe seen from Fi g. 5, the
curve of actual frequency presents a series of maxima and minima, and
in deducing the mean values of the constants k and I from observations,
the latter must either cover a number of such fluctuations, or be taken
to be those at an early epoch when the rate of variation in the frequency
is very great and little affected by periods of long duration.

Taking the half-daily numbers of earthquakes during the first
five days, from October 29th to November 2nd, 1891," and applying

the method of Least Squares, we obtain the equation

L 4407
Y z+231 (©

in which 2 denotes successive intervals of 12 hours, beginning with
the first half of October 29th, 1891, and ¥ the corresponding numbers

of earthquakes. Actual and calculated values of y are tabulated below.

1 See Fig. 6.
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z ‘ Date. ¥y, actual. ¥, caleulated.
0 1891, 10, 29, 0—12 a.m. | 171 190
1 0—12 p.m. 147 133
2 30, 0—12 a.m. 109 102
3 0—12 p.m. ~ 64)mean,

4 31, 0—12am.| 71 % 76
5 0—I12 p.m. 55 mean, .
6 11,1, 0—12 am. 58] °7 56
7 0—I12 pm. | 41

8 2, 0—12 a.m. 46 rnzﬁn’ 49
9. 0—12 p.m. 46

Now z=493 represents the half-day interval which is equally
distant from the beginning and end of the year 1892, and x=1225
that of the year 1893. The values of y corresponding to these z as
calculated from equation () are respectively 0.9 and 0.36. In the
actual case, there were 867 and 308 shocks at Gifa during the above
two years, giving the average half-daily numbers of 1.2 and 0.42.

It is interesting that equation (c), deduced from the observations of
only a few days immediately succeeding the initial earthquake, thus
represents with tolerable dccumcy the frequency of earthquakes a
year or two later omn.

In the curve represented by equation (b), the point of the maxi-
mum curvature occurs at £=+/k—h. Substituting the values of the
constants k and h adopted in equation (¢), we find 2=19, denoting
an epoch of time about ten days after the great earthquake (see § 9).

Again, by taking the monthly activities for the successive eighteen

1 Assuming equation (a) and using the same data as in deducing equation (c), we -

_ obtain
log y=2.25—-xX0.106,

which gives sa,tisfactory results when « is small, (thus, when £=0, y=175; when v=1, y=138;
when x=2, y =108, etc.), but fails when = becomes great. '
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months, from November, 1891, to April, 1893, we get the follwing
equat,ion,-; ’
o 189 |
z+0.397 @

in which z denotes time in nlonths, the origin being November,
1891, and  the mean daily activity during the month z. Now 2=7.5
represents the middle of the year 1892, and 2=19.5 that of the ye:ir
1893. The corresponding values of 5 calculated from the above
equation are respectively 2.1 and 0.84, the actual mean daily activities
of after-shocks in the two years being respectively 2.4 and 0.84.

If we put y=+%, equation (d) gives £=510 months or 42 years;
and if we put y =%, equation (¢) gives =27000x } days or 37 years.
The meaning is that the seismic activity or frequency at Gifu due to
the residual effect of the great earthquake after about forty years from
the initial date may be such that one “weak’” or ¢ feeble” shock
occurs in each month. Making great allowance for error of calcula-
tion and quartering the above figures, we may conclude that at least
some ten years will elapse before the disturbed tract about Gifu can
practically regain its stability, that is before the activity or frequency
of after-shocks at that place reduces to the state of having one small
shock per month. '

The above conclusion, though only the result of rough approxima-
tions, seems a very likely one, when considered in reference to the
Kumamoto earthquake of July 28th, 1889, which was fur smaller than
the Mino-Owari earthquake, and whose after-shocks are still occurring
at the present day, about 4% years after.

§ 12. The variation with time of the frequency or activity of
after-shocks of the Mino-Owari earthquake is comparatively simple,
and none of these shocks was of a magnitude comparable with that of

the initial earthquake itself. A few of the after-shocks, such as those of
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January 3rd and September 7th, 1891, were pretty severe and followed
by their own (secondary) after-shocks, fifty or more in number. Their
residual effects were, however, of very short durations, being sensible
only for a month or two. Besides, in deducing equation (¢), all the
after-shocks during the first eighteen months, some of which were due
to the severe ones above named, were taken account of, and, therefore,
the conclusion stated at the end of the last paragraph will not be
materially affected by the occurrence at future times of similar severe
after-shocks in the Mino-Owari district.

§ 13. The Kumamoto Earthquake.
~ The district about Kumamoto is steadily settling down to equili-
brium, and there has thus far been no new great earthquake.! The
rate of decrease of the frequency of after-shocks seems in this case to
tend finally to be a little quicker than according to equation (b). The
mean annual frequency at Kumamoto is very well represented by the
following equation,— ‘

3 1
Y= 0.0048+2 x 0.002l 22 x 0.0043 ()

in which x denotes time, in years, 1890 being the origin, and y the
corresponding yearly number of earthquakes. The values of ¥ cal-
culated from this equation for the years 1890, 1891, 1892, and 1893
are respectively 208, 89, 38, and 20, agreeing exactly with the actual
numbers for these years.

According to equation (¢), the numbers of earthquakes for the
years 1894, 1895, and 1896 would be respectively- 12, 8, and 5.
Now, before the earthquake of July 28th, 1889, the average yearly
number of shocks at Kumamoto had been 8 or 4. We may, therefore,

conclude that it would be ahout seven or eight years from the date of

1 See Fig. 4.
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the initial earthquake before the number of shocks in the disturbed tract
about Kumamoto can attain its original yearly average, if at all.

§ 14. We have seen (§ 7) that the number of after-shocks of
the Mino-Owari earthquake during the first two yéars is about four
times greater than that of the Kumamoto earthquake during the
corresponding interval of time. If we now assume that the seismic
frequency at Gifu after a given interval of time from the Mino-Owari
earthquake is always greater by this ratio than that at Kumamoto after
an equal interval from the Kumamoto earthquake, the result inferred
from the analogy of the latter is that some nine or ten years will
elapse before the yearly number of earthquakes at Gifu is reduced to
ten or twelve (compare § 11).

The great earthquake of October 28th, 1891, must have removed
the principal geotechtonic instability which had existed beneath
the Mino-Owari district, and in this part of the country the present
epoch of seismic activity will be followed probably by one of rest.
The average yearly number of earthquakes at Gifu before 1891 was
about 15.

§ 15. I shall here remark that the space distribution of seismic
energy as represented by the relative number of earthquakes during a
given interval of time may vary from time to time, and particularly
with the occurrence of great earthquakes. In general there is a coin-
cidence between the distribution of destructive shocks and that of
ordinary minor ones, and the latter may be the conseqﬁences of the
former. In Japan the seismic activity, as far as small earthquakes
are concerned, is much greater on the Pacific than on the Japan Sea
side, and so is it with destructive shocks, of which 57 °/, took
place on the Pacific side, 289/, on the Japan Sea side, and only
the remaining 135 °/, remote from either. More especially the
great shock of the 1st year of Ansei (1854), which affected severely
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almost the whole of Japan, might have had some share in making the
distribution of seismic energy in this country such as it is at the
present day.

§ 16.  Digression on the Seismic Frequency in Tokyo.

In connection with this subject, it may be interesting to examine
whether there has been in recent years a secular variation in the
seismic frequency in Tokya.

The systematic instrumental observation of earthquakes at Tokyd
dates from the 8th year of Meiji (1875) and has now been continued
for more than eighteen complete years. At first the record was
taken by means of Palmieri’s seismograph, but since 1887, it has been
taken by means of the Gray-Milne seismograph. The numbers of
earthquakes during cighteen years (1876-1893) are given in the

following table :—

(I) RECORDED BY PALMIERI'S SEISMOGRAPH.

Year. TOtg% El\zf{’;l'ber Tremors.l Difference.

1876 56 38 18 .

1877 71 40 31

1878 50 ) 29 ,
1879 70 30 40 Average of |
1880 77 32 45 =34.7*
1881 66 32 34

1882 46 19 27

1883 32 12 20

1884 68 : 25 43

1885 68 38 30

1886 54 4 50

1 “Tremors” mean those shocks whose direction of motion was not distinctly shewn by
Palmieri’s Seismograph. )

2 The Central Meteorological Observatory, where the record has been taken, was moved
in 1883 from its old position in the southern part of Tokyd to its present ome in the Castle
grounds. The observation during that year might be imperfect and is rejected in taking the
average number of earthquakes.
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(IT) RecorDED BY THE GRAY-MILNE SEISMOGRAPH.

Year. TOtgfl E?Zl 1;;.;1-1361' » Tremors.1 " Difference.
1887 80 44 36
1888 101 64 37

‘ Average of
1889 113 75 38 AR
1890 93 60 33 =33.3
1891 972 49° 48
1892 73 52 21
1893 59 39 20

As far as the total number of recorded earthquakes is concerned,
the frequency appears to be greater in the later epoch, (II), than in
the earlier, (I). DBut, as the record of the number of tremors or very
small shocks may' have been modified by the change in sensibity with
the change of instrument we can safely take only those shocks whose
motion was distinctly registered, and then we see that their average
yearly number is nearly identical in the two groups (I) and (I1I).?

The Yedo (Tokyo) earthquake of the 2nd year of Ansei (1855)
took place 21 years before 1876, and 38 years before 1893. The
above table shews that the residual effect of this earthquake had
ceased to be sensible before 1876, and that the mean seismic frequency
in T6kyo has remained ever since practically constant. It may here
be remarked that the intensity of motion in Tékyd on the occasion
of the earthquake of the 2nd year of Ansei was far less than that in
the Neo-Valley and neighbouring tracts on the occasion of the recent
Mino-Owari earthquake, the former earthquake being also smaller in
extent than the latter.

§ 17.  On the Estimation of the Probable Total Number of Ajter-

1 “Tremors” here mean those shocks whose motion was too small to be distinctly
measured by the Gray-Milne seismograph.

2 See Note to Table XVII.

3 See § 29.
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shocks of a Given Earthquake—If the time relation of the frequency of
after-shocks of an earthquake be represented by an equation, we can
readily.calculate from it their approximate total number. Thus, if

Yos U1y Us---Ua be values of y corresponding to z=0, 1, 2...n, we see that

n—1 g3 7
ijm > [ ydz > Zf/ '

from which inequality we can approximately estimate the total number
7 -
(or activity) of after-shocks, namely, X,, n being made suitably
. 0 . . .
great. To take an example, we have, from equation (¢), for the Mino-

Owari earthquake,—

Lss 14: 31 10
Dy, > 440.7 xlog1(,<—4§53—‘—§_lg%—1> xlog,10 > Yy,
< . 1
145 ' 1459
or 2‘7/1,:, > 2840 > Z?jm’
0 T

in which y, denotes the number of shocks at Gifu during twelve
hours, from 0 to 12 a.m., on October 29th, 1891, and is equal to
190, the total number of shocks during two complete years, from
October 29th, 1891, to October 27th, 1893, being denoted by the sum
lfj’ym} The calculated value of the latter thus comes out to be 2900 or
2950. The corresponding actual number is 3257.

Similarly the calculated total number of shocks during ten years,

7300

or the sum ), is found to be some 3600.

Now the great earthquake of October 28th, 1891, took place at
6.37 a.m., and the record of after-shocks at Gifu was not taken till
about 2 p.m. of the same day, the number recorded during the
remaining 10 hours, from 2 to 12 p.m., being 101. The total
number of shocks during the above initial day was probably not less
than 300.

From these considerations I conclude that the entire number
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of after-shocks of the Mino-Owari earthquake disturbing the vicinity
of Gifu is about 4000.! '

Some of the great earthquakes in the world had areas of disturbance
many times bigger than the Mino-Owari earthquake, and we may
assume that 10000 is probably the highest possible total number of
after-shocks of an earthqualke.

The after-shocks of the Kumamoto earthquake are now approach-
ing the end and their total number is 950 or 1000.

N 18, The Kagoshima Earthquake.

The Kagoshima earthquake took place on September 7th, 1893,
and is yet only a few months old. Making an estimate from the record
already obtained of its after-shocks (see Figs. 15 and 16), we find
that, at Chiran, the epi-focal tract, they may continue for three or
four years, and that the total number may be some six hundred.

The earthquake took place at about 2.46 a.m. and the record of
its after-shocks was not taken till about 9 p.m. of the same day, there
being during this interval probably some 100 shocks. Making this
addition, the total number of shocks at Chiran during about five
months, up to the end of Jandary, 1894, is nearly 480, being  less
than the number of shocks at Kumamoto during the corresponding
interval of time after the earthquake of July 28th, 1889, which may

be taken in round numbers as 600.
II.  On the Periodicity of the Frequency of
After-shocks, cte.

§ 19. What has been said so far about after-shocks relates to

the ultimate mean time-relation of their frequency or activity. When

1 It must be remarked that the conclusions regaiding the after-shocks of the Mino-Owari
earthquake thus far stated are supposed to hold for Gifu, and may not hold necessarily for
other places which are not sufficiently near to the principal epi-focal tract.
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examined particularly, however, there are to be seen in the variations
of the latter various sets of periodic fluctuations (see Figs. 1, 2, 3, 5,
ete.).

EFarthquakes being isolated or discontinuous events from the
nature of their causes, we can from analogy readily conceive why
the frequency of those after-shocks which happen in close succession,
should present a series of well-marked maxima and minima.

The fluctuations in the decrease of the frequency of after-shocks
of an earthquake may be of two kinds; namely, those which are
proper to the earthquake under consideration, and those whose
maxima and minima occur at fixed epochs. The former are of the
nature of forced oscillations and may disappear after a time; while the
latter are of the nature of free oscillations and may become finally
predominant.

The amplitude of the fluctuations would evidently increase with
the magnitude of the earthquake. '

As far as I can ascertain from the records of after-shocks there
are, besides the diurnal and annual fluctuations, six different series of
periods in the variation of the frequency, whose lengths range from a
few hours to several months. ,

These various periods have been obtained by drawing curves
through the mean positions of points whose abscissae are equal time-
intervals of 1 hour, 2 hours, 6 hours, 1 day, 2 days, 5 days, 10 days,
or 1 month, and whose ordinates are the numbers of earthquakes during
the corresponding intervals. The results given below were obtained
by a direct measurement from Figs. 1, 2, 3, 5, ete.

§ 20. The Kumamoto Earthquake.

The curves of daily and 2-daily earthquake frequencies (Figs. 2
and 3) respectively indicate periods whose average lengths are 4.6
and 12 days. ‘
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The curves of 5-daily and 10-daily earthquake frequencies seem
to indicate periods whose average lengths are about 33 days and
3 months respectively.

The curve of monthly earthquake frequency (Fig. 1) indicates
distinct fluctuations, of which there are seven between August, 1889,
and December, 1895. The dates of maximum and minimum fre-

quencies as given by the curve are as follows :—

Maximum. Minimum.

October, 1889, September, 1889, (?)
May, 1890, February, 1890,
February, 1891, November, ,,

October, ’ August, 1891,

May, 1892, February, 1892,
October, ,, August, '

w1893, between March and August, 1893.

The successive intervals between the earlier well-defined maxima
or minima are from 7 to 9 months.

§ 21. The Mino-Owart Earthquake.

The curve of hourly earthquake frequency for Gifu (Fig. 10)
indicates a period of 8§ or 9 hours, and also a shorter one of about 4
hours. The former is clearly shewn in the curve of 2-hourly earth-
quake frequency (Fig. 11), which gives an average length of 9 hours,

The curve of hourly earthquake frequency for Nagoya (Fig. 12)
indicates regular fluctuations, whose average length is about 44 hours,
and amongst which prominent maxima, marked «, b, ¢, d, ¢, f, occur
at successive intervals of nearly twenty-four hours, shewing an
evident diurnal variation. The curve of 2-hourly earthquake fre-
quency indicates a period of mean length of about 9 hours.

The curves of daily, 2-daily, and 5-daily earthquake frequencies
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for Gifu (Figs. 7, 8, and 9) indicate respectively fluctuations, whose
average length are 4%, 12.3, and 33 days. Longer periods are not
evident. ,

The curve of monthly earthquake frequency for Gifu (Fig. 5)
indicates four maxima and minima between November, 1891 and

December, 1893, whose dates are as follows.—

Maximum. Minimum,

- April, 1892, - June, 1892,
September, ,, » February, 1893,
April, 1893, June, -
September, ,, December, ,,

The intervals between successive maxima or minima are from 4
to § months.

§ 22. The Kagoshima Earthquake.

The curves of daily and 2—daily earthquake frequencies for Chiran
(Figs. 16 and 17) indicate respectively periods whose average lengths
are 4.4 and 12 days. The curve of 5-daily earthquake frequency
(Fig. 18) seems to indicate a period whose average length is about
33 days.

The Kagoshima earthquake is not yet sufficiently old to give
indications of longer periods. The after-shocks of this and of the
Kumamoto earthqﬁake were not numerous enough to enable us to
draw curves of hourly frequencies.

§ 23. We have before noted that a few severe after-shocks are
likely to be followed by their own after-shocks. It might be sup-
posed that the maxima, which occur in the curves of monthly earth-
quake frequencies (Figs. 1 and 5) represent merely the effects of such
shocks and not the real fluctuations in the residual effect of the initial

earthquake itself. But the fact is, on the contrary, that strong shocks
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occurred when the frequency was going to reach a maximum, as with
the earthquakes of January 10th, 1894, and of September 7th, 1892
(see Figs. 5 and 26). In the case of the latter earthquake, a maxi-
mum frequency took place indeed at Gifu, which was quite near the
origin, in the same month (September); but, at Mitake, a town about
7 r¢ from the origin, greater numbers of shocks were recorded in the
following two months. The three other maxima of frequency for
Gifu which took place on April, 1891, and April and September, 1893,
were accompanied by mno particularly severe shocks. Similarly with
the maxima in the nionthly earthquake frequency for Kumamoto.

In the case of the Mino-Owari earthquake, some of the after-
shocks are doubtless to be regarded as ¢ fore-shocks " of the stronger
ones which followed.

§ 24. The Diwrnal Fluctuation of the After-shock Frequency.

The diurnal and annual fluctuations of the earthquake frequency
have been discussed by various European investigators. The results
obtained by Perry, Mallet, and others, however, are more or less
doubtful, as they were chiefly based on statistics of vulgar records.
In the present instance, after-shocks have been recorded at meteoro-
logical stations provided with seismographs, and the results here
deduced should have therefore far greater weight than those hitherto
obtained.

The curves of six-hourly earthquake frequencies for Gifu and
Nagoya (Figs. 13 and 14) indicate the daily fluctuation very clearly.

The Mino-Owari earthquake took place on the morning of
October 28th, 1891, and during the next thirteen complete days, from
October 29th to November 10th, there were 1258 shocks at Gifu and
572 shocks at Nagoya. The distribution of these shocks in the
twenty-four hours of the day are shewn in Fig. 19, (1) and (2) (see
Tables XIII and XIV). ‘ ’



ON THE AFTER-SHOCKS OF EARTHQUAKES. 131

The curve of the diurnal earthquake fluctuation for Gifu (Fig. 19,
(1)) indicates distinctly three maxima, which occar respectively
between 4 and 5 a.m., between 11 a.m. and noon, and between 6 and 7
p-m., and three minima which occur respectively between 9 and 10
a.m., between 3 and 4 p.m., and at 11 p.m. The intervals between
successive maxima are 7, 8, and 9 hours, and those between successive '
minima 6, 8, and 10 hours.

The corresponding curve for Nagoya (Fig. 19, (2) ) indicates six
more or less distinct oscillations, giving a mean period of 4 hours.

It is evident (see § 21) that both the 4-hour and the 8-hour
periods existed together,vbut that the longer period predominated in
the diurnal earthquake ﬂ'equency for Gifu and the shorter one in that
for Nagoya.

The curves drawn in red (Fig. 19, (1) and (2)) seem to indicate a
very slight diurnal variation of the mean frequency, the minimum
occurring between 1 and 2 p.m., and the maximum at about 1 a.m.

The hourly distributions of 148 shocks at Kumamoto during
- fourteen days, from July 3lst to August 13th, 1889, and of 233
shocks as Chiran during an equal time interval, from 8th to 21st,
September, 1893, (see Tables ILI and XVI), are, as shewn in Fig. 20,
very similar respectively to those for Gifu and Nagoya.

§ 25, The Annual Fluctuation of the After-shock Frejuency.

Curves (1), (2), and (3), Fig. 21, shew the annual fluctuation of
after-shock frequency at Kumamoto averaged respectively for four
years (1890-1893), three years (1891-1893), and two years (1892~
1893). The first curve indicates three maxima which occur respec-
tively in March, May, and October; and three minima which occur
respectively in April, between August and September, and in Decem-
ber. The curves drawn in red indicate the annual variation of the

mean frequency.
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The Mino-Owari and the Kagoshima earthquakes are not yet
sufficiently old to give positive results respecting the annual fluctuation.

§ 26. We have, in §§ 20, 21, and 22, found various periods of
the after-shock frequency whose lengths vary from a few hours to
several months. The five periods of about 4 hours, 8 or 9 hours, 41
days, 12 days, and 33 days, seem to occur constantly in after-shocks -
of different earthquakes. Besides these, there may exist also a con-
stant period of some three months, (see § 20). But the longest period
is different in the cases of the Mino-Owari and the Kumamoto earth-
quakes, the average length being about 6 months in the former and
8 months in the latter.

To see whether these periods and the diurnal and annual fluctua-
tions stated in §§ 24 and 25 can be identified in the frequency of
ordinary earthquakes, we shall next consider the seismometrical
‘observations in Tckya and over the whole of Japan.

§ 27. (a) Seismometrical Observations in Taokya.

The hourly distribution of 1168 earthquakes recorded instru-
mentally at Tokys during sixteen years, from 1876 to 1891, (Table
XVIII),! is shewn in Fig. 19, (4). The diurnal fluctuation presents
three mazima, which occur respectively between 9 and 10 a.m., between
3 and 4 p.m., and between 8 and 9 p.an.; and the three minima, which
occur respectively between 2 and 3 a.m., between 11 a.m. and noon,
and between 6 and 7 p.m. The intervals between successive maxima
are 6, 5, and 13 hours, and those between successive minima 9, 7, and
8 hours. The mean curve, drawn in red, seems to indicate a
very slight diurnal variation, of which the maximum occurs in the
evening and the minimum in the early morning.

The monthly distribution of 1300° earthquakes instrumentally

1 Tables XVIII and XIX are taken, by permission, from the Earthquake Report of the
Central Meteorological Observatory.
2 See the note to Table XVIIL.
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recorded at Tokyd during eighteen years, from 1876 to 1893, (see
Table XVII)is shewn in Fig. 21, (4). The curve presents three
maxima which occur respectively in March, May, and December; and
three minima which occur respectively in January, April, and August
or September.’

(h) Seismometrical Observations over All Japan.

The hourly distribution of 3842 earthquukes in Japan during six
yearg, from 1885 to 1890, (see Table XIX), is shewn in Fig. 19, (3).
The diurnal fluctuation presents again three mazima, which occur
respectively between 2 and 3 a.m., between 2 and 3 p.m., and between
10 and 11 p.m., the successive intervals being 12, 8, and 4 hours; and
thee minima, which occur respectively between midnight and 1 a.m.,

between 8 and 9 am., and between 5 and 6 p.m., the successive
intervals being 8, 9, and 7 hours. The mean curve, drawn in red,
seems to indicate a slight variation, having a maximum in the early
morning and a minimum in the evening.

Fig. 19, (5) shews the hourly distribution of 5333 earthquakes
in Japan, including the after-shocks of the Mino-Owari and the
Kagoshima earthquakes, (see Table XX). The character of the curve
is very similar to that in Fig. 19, (3) above described.

The monthly distribution of earthquakes during the same six
years’ is shewn in Fig. 21, (5). The annual fluctuation indicates
three mazima, occurring respectively in February, May, and November;
and three minima, occurring vespectively in April, August, and
December.

§ 28.  Conclusions. ‘

T'hree distinct maxima and minima occur in the diurnal fluctua-

tion of the frequency of after-shocks as well as in that of ordinary

1 The maximum in March and the minimum in April, which are here very slight, are
markedly shewn in the Kumamoto curve, Fig. 21, (1).
2 See Table XIX.
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earthquakes. The hours at which these occur seem to be different for
different Jocalities and therefore these may not each be shewn,
when we mix up earthquake records from distant places of the world
together. Whether there are more earthquakes during the night than
during the day is not certain, as may be inferred from the mean curves
drawn in red.

The 4-hourly and 8-(or 9) hourly periods indicated in the curves
of hourly earthquake frequency (Figs. 10, 11, and 12) are evidently
due to the above diurnal fluctuation. We have not at present suf-
ficient data to determine whether other three constant periods of 4%,
12, and 33 days occur likewise in the frequency of ordinary earth-
quakes. ,

With regard to the annual fluctuation, it is to be noted that all
the maxima and minima of the monthly after-shock frequency for
Kumamoto (§ 20), with the two exceptions next mentioned, occurred
in exactly, or nearly, the same months as the maxima and minima
of frequency for all Japan (§ 27, (b)). Only the second and third
minima at Kumamoto (§ 20) took place respectively in February and
November, (1890), which are generally months of maximum earth-
quake frequency. These may denote fluctuations due to the ¢ proper”
period of the Kumamoto after-shocks. '

Again, the four maxima of the monthly frequency for Gifu
(§ 21) occurred in April and September, which are generally months
of minimum earthquake frequency. These may denote the fluctua-
tions due to the “proper” period of the Mino-Owari after-shocks.
Of the four corresponding minima, three occurred in months of
minimum frequency, and one in a month of maximum.

As already remarked, strong shocks seem to have a tendency to
happen when the frequency is going to reach a maximum, and it

is interesting to find that of the four severest after-shocks (three of the
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Mino-Owari, and one of the Kagoshima earthquake) three took place
in January and one in September. I believe that periodicity plays a
very important part in the frequency of earthquakes, and its attentive
study may be of help in the prediction of changes in seismic activity
and other events,

I shall here confine myself to merely stating the facts. Theore-
tical speculations on this interesting branch of the earth’s physics are
reserved for a future occasion, when more materials respecting after-
shocks shall have been obtained. .

§ 29.  Again of the Seismic Frequency in Tokya, ete.

As seen above, after-shocks indicate niany periods in the variation
of the seismic frequency whose lengths range between a few hours and
one year. It is of course possible that there should exist periods of still
longer duration. We shall here again consider the seismic record
taken by instruments in Tékyé'during eichteen years from 1876 to
1893." The curve of monthly earthquake numbers, a portion of
which is shewn in Fig. 22, indicates very clearly the existence of the
annual - period. There seem to exist also fluctuations of a few
months’ duration, of which, for instance, I can count more or less
distinctly—

10 during 39 months between January, 1876, and April, 1879;

15 5, 50 . ,, September, 1882, and November, 1885;
and 15 ,, 50 ’ ,, November, 1885, and January, 1891;
The average length of the period is 3.5 months.

The curve of yearly earthquake numbers at Tokys (IFFig. 23)
shews fluctuations, the maxima of which occurred in the years 1880,
1884-5, and 1889, and the minima in the years 1878, 1883;
and 1886, there being besides these a slight maximum in 1891, The

average length of the period is 4 years.

1 See Table XVII.
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The mean curve (drawn in red), Fig. 23, seems to indicate the
existence of a period’ whose length is some 12 years.

One intéresting fact is that the three severest of all the earth-
quakes recorded at Tokyd during the eighteen years, namely, those of
February 2nd, 1880, of October 15th, 1884, and of February 18th,
1889, happened respectively in the years which mark, exactly or
nearly, the epochs of successive maximum freqﬁency. It may likewise
be the case that the maxima of the longer (12 years) period may often
be marked by great earthquakes.

Tt may hereby be remarked that the greatest monthly earthquake
number, namely 45, was recorded in October, 1891. Of these, 28
happened within four days immediately after the great Mino-Owari
‘earthquake (which took place on the 28th of the same month), and
the remaining 17 before the latter, so that the proper number of
earthquakes in Tokyd may be assumed to have been 17 x4, or 19.°
Of the other 225 monthly numbers the next greatest namely 18,
occurred in April, 1889, ’

A good exampl: of the occurrence of destructive earthquakes at
rather regular intervals is found in the seismic frequency for Kansu, a
Department in the north-western corner of China, where the intervals
between successive paroxysmal epochs range from 15 to 64 years,
giving the mean length of 33 years.?

To discover periodicity in seismic frequency we must treat records
of earthquakes for different localities separately. By way of example,
in Fig. 23, (4), (D), (C) and (D), are shewn the curves of yearly seismic

activity during 19 years, 1865 to 1883, in Switzerland, the Vesuvian

1 If the sensibilities of the seismographs by’ which the record of shocks has been made have
been different in the earlier and later years, the chief consequence will have been to affect
slightly the amplitude.

2 At Gifu only one earthquake had been recorded in October, before the 28th.

3 See the present author’s paper, “ On Chinese Earthquakes,” Seis. Jour. Vol. I.
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district, Sicily, and in the Balkan Peninsula and neighbouring
Islands.* The curves for the Vesuvian district and Sicily shew each
a series of periods of about 5 years; and that for Switzerland shews one
well-defined of 12 years besides some ill-defined fluctuations of shorter
average length. It will be observed that the maxima and minima of
seismic activity for the two Italian districts occurred simultaneously, '
but at quite different epochs from those for Switzerland. ‘

§ 80. To investigate the relations, if any, between earthquakes
and the phases of the moon, sun-spots, temperature of the atmosphere,
etc.,, seems not likely to lead to valuable results and would be, as
Mallet remarked, a waste of scientific time and labour. With atmos-
pheric changes of pressure it may be different and I shall here, there-
fore, treat shortly of the possible connection of the barometric height
with the frequency of after-shocks.

In Table IV are given the mean barometric heights and the fluctua-
tions during successive days from October‘28th, 1891, to April 30th,
1892. It seems that earthquakes happen equally often with low as
with high pressures. Thus from an examination of the record of the
daily seismic frequency at Gifu, I can count, between the above dates,
55 maxima and 55 minima in the frequency, and the means of the
barometric heights corresponding to these two sets are respectively
762.64 and 763.34 mm., which are practically identical.

Again, big barometric falls of 10 or 20 mm. or rises of 5 or 10 mm.
were not accompanied by any marked change in the seismic frequency.

A single abrupt change in the atmospheric pressure is not likely
to be accompanied by any fluctuation in the frequency of earthquakes.
If, however, barometric changes, whether small or great, occur a.t
regular intervals, then the earth’s crust may finally assume certain

orresponding oscillations. Thus ally and annual fluctuations in
c ding Hatio Thus the dail d 1 fluctuat

1 The data are taken from Fuchs’ « Statistik der Exrdbeben von 1865-1885 " ; see Table XXI.
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the seismic frequency may partly be due to those in the atmospheric
pressure. Hspecially are the curves of the annual barometric and seismic

fluctuations very similar to each other.

II1. On the Distribution of After-shocks, ete.

§ 81. We shall lastly consider more particularly the magnitude
of after-shocks and their distribution.

Earthquakes are produced when strains in the earth’s crust reach
a certain limit, and, as a very great shock would remove a correspond-
ingly great underground instability, it is probable that such a shock
would not, for a long time, be followed by another of a magnitude
comparable to its own, in the same or a neighbouring district. When,
however, the initial shock is not very great, it may be followed by
another like it, and, even in this case, the position of the origin of the
second shock would usually be quite distinct from that of the first.

The above statements can well be illustrated by the four recent
destructive earthquakes in Japan, namely, those of Mino-Owari, of
Noto, of Kumamoto, and of Kagoshima ; the three last ones were
much smaller than the first, which was indeed very great and violent.

§ 32. The Kumamoto earthquake of July 28th, 1889, was
followed five days later, on August 3rd, by a second shock, which
was, however, as we have already seen (§ 7) only one-half or one-
third as great as the (irst.  All the other after-shocks were much weaker.

The Noto earthquake of December 9th, 1891, was followed, two
days later, on the 11th of the same month, by a second severe earth-
quake. These two had nearly an equal area of disturbance, and the in-
tensity of motion near the epicentres was almost the same. Their origins
were, however, different, the epi-centre of the first shock hbeing at a
point, latitude 37°4" N, longitude 136° 40" L, or in the sea at about
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L oor 2 10 to the SSW of the Togi-mura, Hagui District (Noto
province); and that of the second shock at a point about 2 74 to the
SSE of that of the first, also in the sea and near to the town of
Takahama in the same district. All the shocks in Noto which fol-
lowed these two were small.*

The Kagoshima earthquake of September 7th, 1893, was followed,
on January 4th, 1894, about four months later, by a second shock whose
area of disturbance was a little greater than that of the first. These
two shocks again originated from different centres. The epicentre
of the first shock was inland and near Chiran-mura in the Kiire
District, at about 7 17 to the SSW of Kagoshima; while that of the
second shock was in the sea at about 2 7 to the west of Noma-
saki, the distance between the two epi-centres being about 10 . The
damage caused by the first shock was much greater than that by
the second. The effect of the second shock on the frequency of earth-
quakes at Chiran was merely to increase slightly the amplitude of the
period of seismic activity during which it occurred (at the epoch
- marked «a, Iig. 15).

In the case of the Mino-Owari earthquake, all the subsequent
shocks, more than 3000 in number, were far smaller than the initial
one itself. It is to be remarked that the three severest of these
numerous after-shocks, namely, the earthquakes of January 3rd and
September 7th, 1892, z‘mdr of January 10th, 1894, all originated in
the Mino-Owari Plain, and not in the Neo-Valley, wherein indeed no
very strong shock has ever occurred since the date of the first great one.

§ 33. The Mino-Owari Earthquake.

It thus seems that the Neo-Valley, or the principal epi-focal
tract, is steadily settling down to equilibrium, while the Mino-Owari

Plain, having probably lines of weakness under it not completely

-1 Unfortunately the after-shocks of the Noto earthquake were not carefully recorded.
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removed by the emthquake of October 28th, 1891, has been affected
by the severe shocks mentioned above. It may be that the latter tract
is still to be disturbed in future by a few such shocks, which, however,
will then be of only secondary magnitude and not so violent as to
destroy houses.

Soon after the great earthquake of October 28th, 1891, temporary
seismological observatories were established at Ogaki and Midori to
cooperate with the Meteorological Stations of Gifu and N agoya. I
have myself passed, in the latter part of November and the early

~part of December, 1891, several days at Midori and Okawara, the
latter of which is a small village about 5 17 to the NNW of the former.
Again the town of Gifu is about 7 ri¢ to the SSE of Midori, which is
in the central part of the Neo-Valley, where remarkable faults have
taken place. In the following table are compared the duﬂy numbers
of earthquakes T have recorded at Midori and Okawara with those

observed at Gifu ;—

M Gifu. Midori. Okawara.

November 22nd, 1891 12 7
23rd 23 9
25th 9 5
26th 15 15
27th 11 10
28th 16 . 7
29th 19
30th 14 3

December, 1st, . 7 2
ond 16 7
3rd 17 4
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N - Gifa, Midori. Okawara.

December, 4th, 1891 18 11
5th 39 3

Gth 7 6

7th 8 5

8th 19 4

9th 29 G

-10th 29 )

11th 14 5

12th 23 12

13th 14 9

14th 23 11

The results contained in the above table are graphically repre-
sented in Iigs. 24 and 25. Fig. 24 shews that the number of earth-
quakes at Okawara was a little Jess than that at Gifu, and that the
seismic frequencies at the two places did not synchronize in the occur-
rence of maxima and minima. Fig. 25 shews that the seismic
frequency at Gifu synchronized in the occurrence of maxima and
minima with that at Midori, but that at the latter place it was generally
less than half what it was at the former. '

- From the above we may conclude that the after-shocks which
were felt at Midori were in the main the same as those felt at Gifu, but
that the latter place was much nearer to the principal centre of these
shocks than the former'; also that the shocks which were felt at
Okawara had mostly proceeded from a centre different from and less
active than that of the shocks at Gifu.

Thus it seems that the activity of after-shocks at the principal
epi-focal tract was distinctly less than at the regions to its north and

south. Again, from what I can infer from information or from my
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own experience while travelling in the valleys of the Thi-kawa and
the Mugi-gawa, which are respectively to the west and éast of the
Neo-Valley, the activity of after-shocks in these two valleys was Jess
than in the latter.

It is difficult to determine the exact position of the most active
centre of after-shocks, but it was situated somewhere to the south of the
Neo-Valley for some time immediately succeeding the great earthquake
of October 28th, 1891, quite near to Gifu and probably in the tract
adjoining the town on the west.

Below are tabulated the monthly numbers of earthquakes recorded,
from November, 1891, to February, 1894, at various places in the

three provinces of Mino, Owari, and Mikawsa :—

Year, Month. 1891 1892

Place, District, XI | XIT)Sum| I §T0|TIT1V |V | VI VII[VITI|IX | X | XT [XIT| Sum
(Mino.)
Hachiman, Gujs ... ... ...| 189 36| 175/ 18| 9| 9| 3| 2| 2| 3| 1 5| 8] 2| 4 61
Kozuchi, Muagi ... ... .. || 804} 91| 395 21| 1G|11 31 3| 5| 8| 9/10|13| 61086
Takatomi, Yamagata ... ...| 318| 98| 411|| 22| 11{18{13]| 2| 8| 3| 3 7114117 77120
Kitagata, Motosu ... ... ...[| 154{ 40| 194 17| 10| 8| 4| 2| 2| 2| 1| 2 2 4| 60
Ibi, Ono ... ... ... .. ..| 152 40| 192 13| 10| 8| 4| 2| 2| 2| 1 1 8| 2| 4| 52
Tarui, Fuwa ... ... .. .. || 137 48] 185/ 12| 10| 8| 5| 2| 2| 2| 1 1l 4| 21 4| 53
Takata, Tagi ... ... .. .| 232 60| 203 16| 1310 7| 2| 2| 2| 2 2l 51 4| 5| 70
Takasu, Shimo-Ishizu ... ...| 26¢| 66| 332| 16| 13|10| %#| 1| 2| 2| 2| 2| 5| 4| 6| 70
Ogaki, Ampachi ... .. .. | 416/128| 544 17| 17\12| 7| 2| 2| 2| 2| 2 4| 6| 78
Gifu... ... .. . . .. |1087| 416 |1503] 164 (114|87 90| 54|80 |35 | 52 [107]47 | 48|39 |867
Ota, Kamo . i ... .| 428/143] 571) 62| 36[22|21|10| 8| 9] 13 | 1721 22|13 254
Mitake, Kani... ... ... .. 486|166} 652| 82| 55/32|26|17|14| 9| 17 | 18|25 |24|14|333
Takayama, Toki ... ... ..1 310/ 78 388l 38| 24{19|11| 6| 6| 3] 10 | 11|11 |12]|10|161
Nakatsugawa, Ena... ... .. 182 81{ 213 20| 11{11| 5| t| 4| 2| 5| % 9| 4| 2| 81
(Owarrt.)

Ot&jim&, Haguri ... ... .. 533206 789| 80| 45|25]28|22| 9|13]| 28 | 83/33|43|30]389
Inazawa, Nakajima ... ...| 575/204| 779|| 74| 45/28{14| 9| 5]10| 15 | 17| 24|24 | 18] 273
Tsushima, Kaito ... ... .| 462/126| 588|| 31| 27|16|10| 5| 4| 4| 9| 11]18|17|11]158
Koori, Niwa ... ... .. ...| 468|217/ 685[ 150 52861555350 |52| 46 | 64|57 |69 |43 |727
Biwajima, Nishi-Kasugai ... || 591215 | 806] 141 | 51|36 |48 |44 |44 |49 | 42 | 5454 |55 | 40| 658
Katsukawa, Higashi-Kasugal. | 456] 178 | 634] 189 | 49|35 | 47| 44|44 ] 49| 42 | 54|53 |55 |87 | 648
Nagoy.L vee e e e e || 416118 529 43| 2916 11| 11|12) 4] 15 | 13| 8|12]|14]188
Atsuta, Aichi ... ... . .| 294] 72| 3606 31| 28/ 14| 9| 8|10] 4| 15 | 11|18|18]|14|176
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1891 1892
Place, District.

XI | XTI |Sum I JIDIIT|IV{V | VI[VII|VIII|IX | X | XI |XII|{Sum
Handa, Chita ... 177142 1219 15 |15 7| 6|4 [ 4|2 | 5| 4| 4| 5| 6| 77

(Mirawa.)
Chiryd, Aomi... ... .. ..[194] 47 |241) 17 (13| 6| 6|3 |83 |83 | 5| 5| 6| 6| 6| 79
Okazaki, Nukada ... .. ..|175] 43 [218!19 (12 8| 6|8 |4 (8| 5| 5| 4| 5| 5| %9
Nishio, Hazu ... 142|386 | 178 14 |11 7 5121411 61 5| 5| 5] 4| 69
Gou, Hoi ... 98| 26 |124]| 8| 6| 2| 8[..|4| 1| 2| 4| 3| 2| 4| 40
Toyohashi, Atsumi... ... 72119 | 91} 6| 5| 1) 1|...|3 |1} 1] 1| 21| 3| 25
Koromo, Nisi.i-Kamo 2881 75 3631 29 [24{16] 9|4 |G |3 |11 |11[10]15{11|149
Asuke, Higashi-Kamo ... 287 |70 |857 || 37 |27|23|11|5 | 6|3 |10 |10} 8|11[12|103
Shinghiro, Minami-Shidara ... |[138| 83 171} 14 | 8| 8| 8|...| 4 | 1 2| 5 8] 3] 4| 50
Tomicka, Yana ... ... 58| 17 | 75} 5| 5] 1|..f{...18 .| .o | 2] 2] 1| 3] 22
Taguchi, Kita-Shidara... 185|382 |167( 18| 9| 2| 4128 |1| 2| 5| 8 4| 51

. 1893 1894
Place, District. -

T VI I IV | V [ VI | VIT|VIIT|{IX | X | XT |[XIT|Sum I 1T

(Mino.)
Hachiman, Gujo 31 2]...0. j...] 1 L2011 11 41 1
Kozuchi, Mugi... . 51 60 11...] 8| 1] 4| ..| 1| 2| 1]...|] 24| 3] ...
Takatomi, Yamagata ... 5| 81 &) 2| 4 2| 53 2| 7| 8| 5|10| 38| 12| 6
Kitagata, Motosu ... ... ... . . 121 ..
Ibi, Ono ... ) O OO (PO vl e e 2
Tarui, Fawa ... 1 1.0, 1 1|1 5 6] ...
Takata, Tagi 1]. [ IS B 21 ...
Takasu, Shimo-Ishizu 1 1i 1] 8) 11| 1
Ogaki, Ampachi ‘... .., el T oo v | e e | 2] 1] 4 1
Gifu ... ... ... oo L. . [131(20(52(591{32112] 18 { 13 120|19{16|16|308{ 62| 14
Ota, Kamo . B PR IV SRR (VORI VU PO RS [DOUR IV IR IO | - 3 IS
Mitake, Kani ... .. ... .. 14(L1) 9110|181 9] 8 7| 8} 8| 8| 7|107| 57| 14
Takayama, Toki .| 8] 3] 8] 2| 3] 2 U 3| 1] 21| 8 1

Nakatsngawa, Ena ... ... 2| 8| 5 3. 1 1 2 8] 21| 13

(Owari)
Otajima, Haguri ... . 128112119(17(19| 4| 5|13 | 4|11| 513|150 341| 49
Inazawa, Nakajima... |11 B5{12] 4| 5 1| 1| 5 4| 3] 2| 3| 56 64| 7
Tsushima, Kaito 5130 1) 1y 2] 1) 1{ 1}, |...] t| 2| 18| 17| 3
Koori, Niwa ... ... .. .. 42140148383 |24120| 15| 13 |2313512532|350( 366 95
Biwajima, Nishi-Kasugai 91 6|12 61 7{ 2, 2| 61 2| 6 8] 4| 65| 89|10
Katsukawa, Higashi-Kasugai. 6; 5| 81 6| 3|2/ 1| 2 4| 3| 5| 45| 62| 6
Nagoya ... .. .. oo .o .|l B) 5|10{11{14| 9] 14| 14| 8| 9] 4| 7|110]| 89| 29
Atsuta, Aichi ... ... .. .. 4 6| 4| 8| 2| 1| ..} 3| 1| 2| 2| 2| 30| 25| 7
Handa, Chita ... 1p 1 2 1] 27 1| 1 1]. 2| 1| 13 41 3
Maegasu, Kaisai 21 5|22 1|1 1] 1} 15 14| 2
Toyohama, Chita ... ... 1f 1|..| 1] 1] ... 4 7 ..
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1893 1894
Place, District.
Lty | v |'vr| vir [virt [ 1x | X [T |XTT|{Sum|| T | 17
(MI1KAWA).
Chiryd, Aomi... .. .o e w11 272 1i1(1 1 211115118} 1
Okazaki, Nukada ... .. o . 18[2(1}|1 2 1 11215 -8| 1
Sakushima, Hazu ... ... ... .| 112 1 i1l 5 51 ...
Nishio, Hazu ... .o v oo O I AR N S | 1 1 2121 9 81 2
Horikiri, Atsumi ... AUURRRUE | I T B A IO 2 4
Gou, Hoi... o oo eev e w11 P11 |12 1 1 91 © .
'Toyohashi, Atsumi JOR 0 U A A AU O | |l 4 3
Koromo, Nishi-Kamo ... ... «.[|6[2[3|5]|4]|2 221111513220 9
Asuke, Higashi-Kamo ... .. ... 8213|256 2] 1| 2 11312040 8
Shinghiro, Minami-Shidara... 4111111 4]2 11211613 1
T'omioka, Yana - D T T T I S BN 1...] 7 5
Taguchi, Kita-Shidara... 2111 ]L 211} 9110
Shimoda, Kita-Shidara... 111711 )1T]1 1 21 91 16

Earthquake rveports from District Offices and other stations in the
Aichi Prefecture, .c., in the two provinces of Owari and Mikawa,
have been sent in satisfactorily, and the numbers of shocks for these
as tabulated above are practically correct. The numbers as recorded
at the Gifu Meteorological Station and three District Offices in eastern
Mino, namely, those at Mitake, Takayama, and Nakatsugawa, are also
accurate; the records at other stations in the province, however, are
imperfect and give only the numbers of stronger shocks.

During 1891 and 1892 the greatest number of earthquakes was
recorded at Gifu. It is likely indeed that shocks may have been more
accurately recorded at a meteorological station than at District Offices,
but I believe the number of shocks was actually greatest in the
vicinity of Gifu for some time after the great earthquake.

The records during 1892 for the six places in the western part of
Mino, namely, Kitagata, Ibi, Tarui, Takata, Takasu, and Ogaki, were
month by month nearly alike, the highest seismic frequency having
occurred at Ogaki and the lowest at Ibi and Tarui. Of the two

places in the central part of the province, namely, Takatomi and
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Kozuchi, a greater number of shocks was recorded at the former than
at the latter. Of the remaining six places, Nakatsugawa, Takayama,
Mitake, Ota, and Hachiman, the greatest number was recorded at
Mitake and the least at Hachiman.

The records taken at several stations in Owari shew an evident
change with time of localisation of seismic frequency. In 1891,
the greatest number of earthquakes was recorded at Biwajima,
Otajima, and Inazawa, these places being situated in a zone where,
it should be remarked, the motion had been very strong on the
occasion of the great earthquake of October, 1891. In 1892, the
greatest number was recorded at Koori, and the next greatest at
Biwajima and Katsukawa., Again, in 1893 the greatest number was
recorded still at Koori, but the next greatest at Otajima and Nagoya.
The least numbers always occurred at Atsuta and the stations in the
Chita Peninsula. |

The numbers of earthquakes at Nagoya, Atsuta, Handa, and
Toyohama indicate an evident decrease of seismic activity with dis-
tance as we go southwards.

In Mikawa, the greatest numbers of earthquakes occurred at
Koromo and Asuke in the north-western part of the province, the
activity there being nearly the same as in the vicinity of Atsuta in
Owari. /

The seismic activity in the Atsumi Peninsula was less than that
in the Chita Peninsula.

§ 34. The distribution of seismic activity in Mino, Owari, and
Mikawa during 1892, 1893, and January, 1894, will be clearly seen
from Figs. 27, 28, and 29, respectively, in which the curves are loci of
places where equal numbers of shocks have been recorded during each
of these intervals. In drawing Fig. 28, the numbers of earthquakes

during January and September have been omitted as a severe shock
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occurred in the beginning of each of these months in the district under
consideration, and where consequently the seismic activity in some parti-
cular places was greatly increased. The residual effect of these severe
secondary-earthquakes, however, as before remarked, soon died away,
so that Fig. 28 will fairly represent the distribution of after-shocks in
1892 due wholly to the great earthquake of 1891. On the other
hand, Iig. 29 will shew principally the effect of the strong shock
which took place on January 10th, 1894.

Fig. 27 shews more or less distinctly four axial lines, which
radiate from the vicinity of Koori and along which the seismic
activity was greater than in the neighbouring tracts. In IFigs. 28
and 29, two of these axial lines, one of which proceeded towards Ibi in
the north-western corner of the Mino-Owari Plain, and the other of
which proceeded to the basin of the Isé Gulf, became insignificant and
we have only two distinct axial lines which extend from the same
centre towards ENE and ESE, that is, respectively along the upper
valley of the Kiso-gawa and into the mountain districts of the
northern Mikawa. _

The origin of the severe earthquake of January 10th, 1894, was
just at the point of intersection of the above two axial lines, and those
of the severe earthquakes of January 3rd and September Tth, 1892,
were respectively in the vicinities of Gifu (near to the Kiso-gawa) and
of Katsukawa (near to Nagoya), so that all these three shocks had
their origins approximately on the same axial line running from
WNW towards ESE.

§ 35, On the Cause of the Great Earthquake of October 28th, 1891.

The fact that the centre of the greatest activity of after-shocks 1s,
not in the Neo-Valley where the shock had been strongest on the
occasion of the earthquake of October, 1891, but in a locality near

to it, suggests the idea that there had existed a very extensive
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instability under the Echizen, Mino, Owari, and Mikawa provinces,
and that the great earthquakeb was caused by some big fractures
produced in this underground strained portion of the earth’s crust.

The district adjoining the south-eastern extremity of the Neo-
Valley is not yet on the way of steadily settling into equilibrium, and
the four axial lines in Fig. 27 probably indicate the positions of four
weaker or deeper fractures, the peculiar violence of motion on the
occasion of the great earthquake in the zonal tract at the western part
of the Owari Plain and in the regions to the south-east of Koori (see
Fig. 26) ﬁbeizlg probably due to the existence of such lines of weakness
beneath.! The underground fracture along the Neo-Valley was pro-
bably sufficiently great and must have removed the chief centre of
weakness at that district. _

The two axial lines in Ifig. 28 seem to indicate the positions of
fracture lines which became gradually prominent, and along which
the activity of after-shocks is at present greatest.

The centre of activity of after-shocks may in future change its
position, but it will very probably recede from, and not approach the
Neo-Valley. '

The distribution of seismic activity before 1891 is shewn in Fig.
30 (see Table XXTII). It indicates no such peculiarity as that seen
in Figs. 27, 28, and 29.

§ 36. EHarthjuake Sounds.—I take this opportunity of making
some remarks upon earthquake sounds.

Many of the after-shocks of the Mino-Owari earthquake were
attended with sounds, which were essentially of two types, being
either rushing feeble mnoises like those caused by winds, or loud
rumbling sounds like those caused by the falling of a heavy weight on

ground, or by the discharge of a gun.

1 See Fig. 31.
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The sounds of the second type, which were sometimes like detona-
tions of thunder, were most frequent and distinet in the Neo-Valley,
where, as I believe, their main origin really was. It is remarkable that
tremblings of the ground accompanying these sounds were invariably
very feeble, and often not to be felt at all, while severe sharp shocks
were usually not accompanied by distinctly audible sounds.  This
peculiar phenomenon was ascertained likewise to have been observed
with the after-shocks of the Noto and Kagoshima earthquakes. The
following may be one of the possible explanations.

Among numerous depressions of small pieces of grouud produced
by the great earthquake of 1891, there was one which took place on a
high mountain flank near the village of Higashi-Y okoyama, in the
Ono District, Mino, and which was cylindrical in form, being about
9 feet in diameter and 10 feet in depth. The top of the cavity was
just shewn on the surface slope as a circular aperture about 4 feet in
diameter. From examples like this, we may suppose that some
cavities have probably been formed underground which are not shewn
on the surface. Ispecially in the focal region there may exist big
vacant spaces, and the falling down iuto these of superincumbent
rock masses would give rise to sounds accompanied by small move-
ments of ground, as muflled sounds are heard when we throw stones
into a deep well or hole. On the other hand, shocks may originate
by fracturing of strata in districts near the focus which would cause
sharp tremblings of the ground, but not be accompanied by loud
sounds. '

The slight rushing sounds often accompanying earthquakes may,
as usually supposed, be caused by quick tremors preceding the

principal earthquake motion. -
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TABLE I.—DAILY NUMBERS OF EARTHQUAKES AT KUMAMOTO,

FROM JULY 28th, 1883, TO DECEMBER 3lst, 1899.
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TABLE IL-MONTHLY AND YEARLY NUMBERS OF EARTHQUAKES
AT KUMAMOTO, FROM 1889 TO 1893.

Month
I I (I | I1v | Vv VI | VIL |vIIl| IX | X XTI | XITI || sum

Year

1889 1184243 | 41 | 77 | 51 | 41 | 566
1890 | 16| 8401633272019 14| 6| 6| 8| 208
1891 8119 6 9 7| 7] 2 1|...[12] 9| 9 89
1892

w
w
w
[¢M]
-1
o

41 1

o
S8
—
w
&

1893 o 10 vy 1l a4l 7 o8 20

Sum 29 | 31|50 |29 | 47| 38 |139|264| 61 [107]| 70 | 56 | 921

TABLE IL'-AVERAGE MONTHLY NUMBERS OF EARTHQUAKES
AT KUMAMOTO.

Month
I I IIL Iv Vv VI | VIIJVIII| IX | X XI | XII
Tnterval

1890-1893 | 7.3| 7.8| 12.5} 7.3| 12.0] 9.3| 6.0} 5.5| 5.0| 7.5, 4.8] 4.0

1891-1893 | 4.3| 7.7] 3.3| 43| 47| 3.7|2.0| 07| 2.0| 8.0| 4.3| 4.0
1892-1893 | 2.5| 2.0 2.0| 2.0] 3.5 2.0 3.0/ 0.5] 3.0] 6.0| 20| 1.5

1. The number for July, 1889, is that for four days, from 28th to 31st of that month.
2. Those shocks at Kumamoto which were evidently due to the Kagoshima earthquake of
Scptember 7th, 1893, are not included.
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TABLE III.-_HOURLY EARTHQUAKE NUMBERS AT KUMAMOTO,

FROM JULY 3lst TO AUGUST 13th, 1889.1 .

Day ‘Tlgé‘; AvgusT, 1889.
sum
Interval ‘st |12l s]als|el7]s]olo]]12]1s

0— lam.] 2 1.0, 1.1 11 7
1— 2 1 1081 (...151... 1 118
2 3 3 l2].16]2 Tl 12118
3— 4 R VAR S U R R BT
4— 5 1 (11151 111...11 : 11
5— 6 1 1T/411(|11L]1 1| 11
6— 7 L1101 L] U -1
7— 8 2 11...11 1 1 6
S— 9 12 1 4
9—10 1 11 2
10—11 2 1 SN I B 4
11—12 U I N U I R 1 1 3
0— Tpm| 1 lale| 1
1— 2 1 1 2 1 5
Q— 1 11 2
3— 4 O T e | 1
4— 5 1 q.. 11111 ' L4
5— 6 1 11... 1 3
6— 7 511 10... 2 1... 8
— 8 ] 1] 4
83— 9 AU 111 11 )
9-—10 1 1 2
10—11 1 2 11... 4
11—-12 1 1 1 1 1 5
Sum 15 (1118 (8417111114 (10|26 |55 |9 |148°

{During Night, or between 6 p.m. and 6 a.m., 100

35

Day,

)

”

6 a.m. and 6 p.m., 48

148

1. The first great earthquake took place on July 28th, 11.48 p.m., and the times of occur-
~ rence of subsequent shocks were not noted down till 31st of the same month.
2 The times of occurrence of shocks were lost in a few cases, and therefore this number is

slightly less than according to Table T.
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TABLE IV-DAILY NUMBERS OF EARTHQUAKES AND BAROMETRIC
HEIGHTS AT GIFU, FROM OCTOBER 28th, 1891,
TO APRIL 30th, 1892.

Day

OCTOBER, 1891.

violent
shocks

strong
shocks

weak
shocks

feehle
shocks

sounds

sum

activity

meanl
bar. ht.
in mm.

fluctuation,
in mm,

00w -1 T KT

25
26
27
28
29
30
31

8
15
14

3

94
303
147
116

6

103
318
173
126

113
333
193
129

753.7
54.9
61.3
65.1

|

]

(24

ERES
DO =3

w

I

Sum

40

660

15

720

768

1. The “Mean Barometric Height * was obtained by taking the mean of six observations
on each day, at 2, 6, 10, a.m., and 2, 6, 10, p.m. The “Fluctuation ” is the difference between
these observations, + when rising, and — when falling.
that the pressure first fell by 8.5 mm. and then rose by 3.7 mm.

For instance, — 3.5, + 3.7 wmeans
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NOVEMBER, 1891.

Dey strong | weak | feeble os mean fluctuation
shocks | shocks | shoeks sounds| sum | activity ?fl'lml]ﬁ in mm. ’

1 5 94 99 | 104 ||762.7 |—3. ,+1.2

2 4 88 92 | 96 63.9 |4-1.6,—1.6,4-2.2
3 81 ... | 81] 81 63.6 |—3.

4 21 75 1 ... |78 80 59.1 |—5.

5 1 59 ... | 53] b4 55.8 |+8.7

6 4 56 1 6 |67 7 59.8 |+38.9

7 3 42 45 | 48 64.2 |+4.2

8 1 41 42 1 43 67.0 |+1. ,—2.6

9 1 43 44 | 45 63.0 | —4.8

10 40 ... |40 | 40 || 585 |—6.3

11 37 1138 88 60.5 |+7.6

12 1 38 1 ... | 40} 41 63.8 |—-1.7

13 1 32 1 1 35| 36 62.3 |—2. ,+1.6

14 25 3 29 | 29 64.3 |+2.1,—1.4,12,
15 23 6 29 1 29 f 644 |—3.2

16 7 1] ...128]| 28 59.9 |—5. ,+22

17 15 1 5 21 21 61.3 |+2.5,—1.4,4+2.
18 9 9 | 18| 18 619 | —2.6,4-1.6

19 7110 | 17| 17 62.6 |—-1.2,+8.

20 1 ... |18 | 14 | 33 34 65.1 |—2.7,42.3

21 1| 10 5 4 121 24 65.0 |—2.1,+1.6

22 9 3|12 12 654 (118

23 2 16 5 1231 25 61.9 g2

24 14 4 | 18] 18 69.1 ;4.8

25 6 3 9 9 63.3 |11.2,—1.2,+14
26 3 3 9 15| 15 63.8 | ~2.8,4+2.3

27 1 4 6 |11 | 12 || 666 |+59 "

28 1 4 [ ... ] 1016] 19 72.0 | —14,+1.1

29 10 3 6 |19 19 70.2 |_99

30 12 1 1 |14 14 | 66.7 |_38
Sum 29 | 852 106 | 98 [1087| 1120
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DECEMBER, 1891.
Doy violent|strong | weak | feeble . . mean fluctuation,
shocks | shoeks | shocks | shocks sounds| sum jactivity ?ﬁlmﬁlf;‘ in mm.

1 3 3 1| 7 7 17674 |+88

2 ..ot 31 9 4 |16 16 | 705 [+1.8,—2.1
3 1 1 9 4 2 |17 20 || 61.3 |—14.4

4 1 .. 4 | 11 2 118 20 || 51.6 |—14,+5.9
5 1 |17 | 12 2 132 33 | 64.0 |+10.5

6 6 1] 7 7 1 715 [4+2.38,—2. ,4+22
7 11 .. 6 8 9 | 724 [—25

8 o1 5 31191 19 | 619 |—154

9 2 110 8 2 122 24 | 579 [+T74

10 17 3 2 22| 22 | 61.7 [+1.3,—1.7
11 10 2 2 | 14| 14 | 62.6 [4+3.7

12 18| 2] 31[23] 23 || 636 |+1.2,—47
13 51 1] 8|14] 14 | 615 |+5.5

14 18 | 3 2 |23| 23 | 668 |+35

15 v ] 14 L15] 15 | 67.3 |—3.

16 2 |17 | .. 1 20| 22 | 63.7 |—2.2,+1.6
17 0] 8 18] 18 | 64.7 |[+12,—1.4,+23
18 5 1 11 7 7 | 684 |+5.4

19 | 31 2| 5| 5 | 708|-26,+18
20 5 1 2| 8 8 | 67.3|—5.3

21 6 21 ... | 8 8 | 655 |+1.8—31
22 3 5| 8 8 | 617 |—4.2,4+24
23 | .. | ... 2 1 3| 6 6 | 627 |+8.2

24 1 1 |10 | .. 3 115 18 | 66.7 |[+8.7

25 ' 5 116 6 | 706 |+24,—13
26 7 21 9 9 | 704 |—26

27 2 1] 3 ; 69.0 |+1.2,—2.5
28 1 6 7 7 1 69.3 |[+2.1

29 1 13 1 1|16 17 70.7 [+1.4,—2.5,4+1.6
3 10 2 3115 15 || 712 |—2.7.

31 6 2| 8 8 | 63.3[—=7.3,4+34
Sum 3 9 | 204|187 | 63 |416| 431
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JANTUARY, 1892.
Doy violent |strong| weak |feeble mean fluctuation
shocks | shocks shoéizs shocks sounds) sum | activity ?ﬁln}ﬁ in 1;1m ’
1 4 1 1 6 6 11766.3 |+1.8,—2.4,+1.6
o | ... || 3| 2| 5| 5 | 653|—22+27
3 "1 1 2 1 2 71 10 68.7 |+ 3.2
4 1 6 3 2 12| 18 68.0 |—2.6
5 2 3 1 1 7 9 66.6 —1.3,4+2.5
6 2 2 4 4 66.5 |—2.7
7 4 5 9 9 63.2 | —2.8,+3.
8 1 3 4 4 64.2 (—4.5
9 2| 1| ... 8] 38 | 609 |[+16,—2. ,+18
10 4 3 3 |10] 10 62.2 14-2.6
11 8 6 14| 14 62.9 (—4.4
12 1 2 2 5 6 54.1 |—6.2,+3.5
13 1 5 3 2 (11| 12 61.4 |+10.
14 67.3 |[+2. ,—2.6
15 2 2 2 62.8 [—5.8
16 3 3 3 58.1 |—3.3,+1.8
17 1] 1 9| 2 | 587 |+1.3,—1.5,+15
18 57.3 |—2.2
19 41 2 | gl 6 ||599|+69
20 3 1 4 4 62.9 |—3. ,+38.5
21 2 9 2 66.6 |+3.8
29 3 1 4 4 70.6 |+24,—2.4,4+2.2
03 L.l 2] 3| 38 | 7L6/|+1.7,—32
24 1 2 3 6 6 1 69.6 0
25 1 1 1 3 3 68.3 [+1.2,—3.9
26 1 .. 4 1 6 7 62.7 |—54
27 2 3 2 7 7 61.3 |4+-4.5
28 1 5 1 7 8 65.2 |+2.
29 4 1 5 ) 63.6 |—8.2,4+1.2
30 L2 2] 2 652 |44
31 4 1 5- 5 64.2 |—5.1
Sum 1 8 45 74 36 [164] 174
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FEBRUARY, 1892.
Day strong | weak | feeble s mean fluctuation,
shocks | shocks | shocks sounds | sum | activity ?irﬁllg’: in mm.
1 o 7634 |+ 21,—-1.5
2 3 1 4 4 61.5 |— 38.1,+34
3 7 1 8 8 64.9 |4+ 2.2,—2.
4 1 1 2 2 59.8 |—11.2
5 1 1 3 1 5 6 60.7 |4- 7.9
6 2 1 4 6 69.5 |+ 3.5 -
7 2 2 4 4 71.8 |- 8.8
8 1 2 3 3 56.9 |—18.5,+5.9
9 4 4 4 60.9 |+ 7.
10 1 1 2 2 66.4 |+ 1.8,—1.7
11 1 2 3 3 66.9 |— 2.1,
12 2 1 3 3 62.3 |— 5.4,+1.5
13 1 1 2 2 62.5 |+ 1.8,—1.9
14 . 4 2 6 6 55.7 |—11.7,+4.8
15 4 1 5 5 57.5 |+ 3.6
16 2 2 4 4 62:7 |+ 4.
17 1 1 2 2 6 7 64.1 |— 2.8,+4.4
18 1 1 1 64.5 |— 3.4
19 4 4 4 59.4 |4 8.7
20 2 1 3 3 62.0 |— 2.
21 5 1 6 - 6 60.3 |— 4.2
22 1 2 1 4 5 58.5 |+ 8.
23 1 2 3 3 58.5 |— 7.5
24 1 3 1 5 5 541 |— 15,469
25 3 3 3 59.5 0
26 1 2 3 3 56.6 |— 4.5,+1.6
27 3 3 3 594 [+ 5.1
28 8 8 3 594 |+ 6.5
29 3 3 6 6 65.8 |— 4.3
Sum 5 5 67 37 114 119
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MARCﬁ, 1892.
Dy strong| weak | feeble s mean fluctuation
shocks | shocks | shocks sounds| sum | activity ?;rﬁlﬁ’j © in mm, ’
1 2 3 5 5 7604 |— 4.9,4+5
2 2 1 3 3 634 |— 1.4
3 3 4 7 7 60.1 [— 2.5
4 3 2 5 5 58.9 |— 2.3
5 58.6 |— 1.7,+24
6 53.0 |—11.8
7 1 2 3 3 53.1 |+ 8.8
8 3 3 3 60.9 |+ 5.3
9 1 1 1 67.0 |+ 2.9
10 1 1 1 66.0 |— 4.4
11 1 1 1 3 3 64.2 |+ 4.
12 1 1 1 64.8 |— 9.
13 4 1 5 5 51.5 |— 5.8,+10.6
14 5 2 7 7 || 58.5 |+ 4.9
15 2 2 2 63.2 |— 1.7,4+29
16 2 2 2 66.1 |+ 1.5,—1.5,+2.7
17 2 1 3 3 674 |+ 1.3,—2.6
18 ‘ 58.0 |[—10. ,+2.8
19 57.6 |+ 4.1
20 62.3 |-+ 1.6,—1.0,4+3.1
21 2 D) 2 | 639 |+ 22,-22 +1.5
92 ol ] 648 |+ 1.3,—24
23 3 3 3 60.8 |— 4.6
24 1 1 1 55.9 |— 38.1,+5.3
25 3 3 3 634 |4+ 7.5
26 1 1 1 64.9 |— 5.8
27 1 2 3 3 65.2 |+ 3.5
28 1 2 - 3 6 7 64.5 |— 3.9
29 3 1 4 4 58.9 |— 4.9,+3.6
30 3 5 2 10 10 65.2 |+ 6.8
31 2 1 3 3 | 688 |— 2.1,+1.3
Sum 1 4 52 30 87 88
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APRIL, i692.
Day strong | weak | feeble s mean fluctuation
shocks | shocks | shocks sounds | sum | activity })rium];: in mm.
1 2 2 2 764.4 |—12.2
2 5 5 5 53.9 |4+8.2
3 1 1 2 2 57.1 |—1.8,+7.
4 2 2 2 61.8 |+1.8,—3.1
5 4 1 5 5 59.8 +3.1
6 1 1 1 60.9 |—3.1
7 58.9 |—2.3
8 1 7 1 9 9 576 |—2.5
9 2 2 4 4 57.2 |—1.8,+4.1
10 1 2 3 3 64.1 |4+7.8
11 66.4 |—3.4
12 3 3 3 55.9 |—12.4
13 2 2 2 55.6 |+9.5
14 2 2 2 61.8 |+2. ,—3.6
15 2 2 2 59.2 |4-4.
16 64.8 |+3.9
17 3 3 3 638.7 |—4.6
18 4 1 5 5 58.4 |—3.2
19 3 3 3 61.6 |+06.2
20 1 3 1 5 5 65.9 |+1.3,—2.2
21 1 1 1 | 588 |74
22 3 3 3 61.9 |4+8.9
23 2 2 2 65.6 |—2.5,+1.6
24 1 1 3 5 6 59.9 |—6.1
25 1 1 1 55.83 |—1.4,4+1.5
26 2 1 3 3 60.9 |+5.6
27 1 2 3 3 64.6 |+1.4
28 1 1 1 65.2 [+1.2
29 1 5 6 6 69.2 |—2.7
30 4 3 7 7 58.3 |—3.3
Sum 2 10 65 13 90 92
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TABLE V.—-DAILY NUMBERS OF EARTHQUAKES AT GIFU,
FROM MAY, 1892, TO DECEMBER, 1893.

May, 1892. Juxne, 1892,

Day -

ok | hooks | sounds | sum | SERE | Pt | ol | sounds | sum
1 6 6 2 2
2 3 3 1 1
4 1 1 1 1
5 1 1
6 1 1
7 1 3 4 3 3
9 2 2 2 2
10 3 3 2 2
11 4 1 5 1 1 2
12 1 1 1 1 2
13 1 1
14 1 1
15 1|1 2 1|1 | 2
16 2 2
17 1 1
18 5 1 1
19 1 1 -
20 1 2 1 4
29 2 ]2
23 2 3 5 1 1 2
24 1 1 1 1
25 4 4 1 1
26 2 2
27 1 1 1 1
28
29 1 1 2
30 1 e 1 1 1
31 2 1 3
Sum 5 49 7 54 1 1 19 9 30
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Jovy, 1892. AvausT, 1892.

Day

Shocks | shocks | sonds | sum || SEORE | e | et |sonnds | sum
1 1 1 2 4 4
2 1 1 2 1 1
3 1 1 3 1 4
4 2 1 3 1 1
5 1 1 1 1 P
6 1 1
7 1 1
8
9 1 1 2
10
11 1 1
13 1 | 1 1
14 2 2 3 3
15 1 1
16 1 1
17
18 1 1
19 2 1 3 1 1 2
20 1 1 1 3 2 6
21 1 1 2 . 2 1 3
22 1 1
23 1 1 2 1 3
24 1 -] 1 1
26 1 1 2 1 1
27 1 3 4 1 2 3
28 ‘ 1 1 2 1 3
29 4 1 5
30 1 1 2 2
31 2 2 1 1
Sum 3 21 11 35 1 3 31 17 52
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Day
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1
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NOVEMBER, 1893. DrcEMBER, 1893.
Day
o | feoie | sounds | swm | oS | BOOS | sounds | sum

1

2

4 1 1
5 1 1
6 1 1
7 1 1
8 1 1

9

10 1 1

11

12

13 1 1
14 2 2

15

16 1 1

17

18 2
19 1 1 1 1
20 2 2
21 1 1 4 4
22 1 1 2 2
23 1 1

25 1 o101 2 1 1
26 1 1

28 U 1 1
30 1 1
31 1 1
Sum 2 11 3 16 2 12 2 16
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TABLE VI.-DAILY NUMBERS OF EARTHQUAKES AT NAGOYA,
FROM OCTOBER 28th, 1891, TO APRIL 30th, 1892,

Ocronrr, 1891. " NoveMBER, 1891. DrcrmBER, 1891.
> @ wn n FSH m ;,w w w [ S ] n w = T

] 4 | 52 56 | . N
2 51 25| 30| ... o 5
3 1] 80| 3L 2 5 7
4 2 | 18| 20 1 9 |10
5 3 1 17 20| ... 6 6
6 2 1 15| 17 2 2
7 21 27| 29 4 4
8 1 171 18 3 3
9 1 15 | 16 6 6
10 o120 12 4 4
11 1 4 5 3 3
12 1 6 7 4 4
13 1112 13 4 4
14 el e e e ] 12 12 4 4
15 R v e e ] 12 12 3 3
16 13] 13 3

—
]
—
[\S14
—
T
w &
w G

18 9| 9 1|1
19 41 4 2| 2
20 91 9 2 | 2
a1 1 81 9 31 3
29 51 5 51 5
23 1] 8] 9 51 3
24 91 9 4] 4
25 9| 9 21 2
26 50 5 2| 2
27 vl o ] 8l s 3 3
28 1| 4121126 1| 1| 5| 7 1] 1
29 7 (178 185 | .7 50 5 : 3
30 4|89 93 21 2 31 3
31 3176179 5175

Sum 1| 18 464 [483 ) 1 | 27 {388 (416 | 3 |110 {113
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JANUARY, 1892,
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TABLE VIL-DAILY NUMBERS OF EARTHQUAKES AT TSU,
FROM OCTOBER 28th TO DECEMBER 3lst, 1891.

OcroBRR, 1891. NoveMBER, 1891. DzrcembER, 1891.

Q Loy e |, w 2] xw | o, 2 y 2 4

ba | 2w ZREENC 230 G | W@ B | B
1 7 6|13
2 3] 4 1 1
3 6 6 3 3
4 171 7] 8 10 1] 2
5 4|5 11
7 41 1] 5 ... 1 1
8 18] 3] 1 1
9 2 2 1 1 2
10 7 7
11 31 3 21 2
12 20 2
13 111
14 21 2 21 2
15 4 4
16 2 2
17 3] 8
18
19
20 I 1
21 2 2
23 2 2
24 2 2
25
26 © 1 1
27 21 2 U
28 1112|538 2|73 1 1] ... 2 1 1
29 vl ] 82 T899 ] 4 4 1 1
30 3 5 9117 1 1
31 31 7110 1 1
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TABLE VIIL-DAILY NUMBERS OF EARTHQUAKES AT KYOTO,

FROM OCTOBER 28th TO DECEMBER 3lst, 1891.

Day

OGoroBER, 1891.

NoveMBER, 1891.

DECEMBER, 1891.

strong
shocks

weak
shocks

feeble
shocks

sum

weak
shocks

feeble
shocks

sum

weak
shocks.

feeble
shocks

sum

H~ CO O =

-1 O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

11

D Tt H~

26
13

38
17

o

[ -

bt d fd ek ped

1

b e

b

b

Sum

46

69

16

20

10
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TABLE IX.—DAILY NUMBERS OF EARTHQUAKES AT OSAKA,
FROM OCTOBER 28th TO DECEMBER 31st, 1891.

OcroBrr, 1891. NovemBER, 1891. DrcgmeBER, 1891.

strong
shocks
weak
shocks
feeble
shocks
feeble
shocks
sum
weak
shocks
feeble
shocks
sum
weak
shocks
feeble
‘shocks
sum

[N
[N}

11
12
13
14
15
16
17
19
20
25
26
27
28 1 2
30 1
31

22 | 33

— = W o
B DO :
23
.
—t
i
—

6

Sum 1 3 13 29 46 5 2 7 3 1 4
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TABLE X.—MONTHLY NUMBERS OF EARTHQUAKES AT GIFU,
NAGOYA, TSU, KYOTO AND OSAKA, FROM OCTOBER,

1891, TO DECEMBER, 1983.

Year, Month G1ru Nagoya Tsu Kxoro OsakA
1891, 10 720 483 140 69 46
11 1087 416 89 20 7
12 416 113 24 10 4
1892, 1 164 43 12 5 9
2 114 29 10 5 2
3 87 16 7 1 1
4 90 11 4 2
5 54 11 1
6 30 12 1 3
7 35 4 1
8 52 15 7 1
9 107 13 ) 1 1
10 47 8 4 2
11 48 12 . ..
12 39 14 4 2 2
1893, 1 31 5 2 9
o) 20 5 2 1
3 52 10 1 1
4 59 11 1 1 .
5 32 14 1 2
6 12 9 2 1 -
7 18 14
8 13 14 1
9 20 8
10 19 9 1 1
11 16 4
12 16 7 1
3398 1310 316 126 71

Sum
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TABLE XI.-TIMES OF OCCURRENCE OF EARTHQUAKES AT GIFU,
FROM OCTOBER 28th, 1 p.m., TO NOVEMBER 10th, 12 p.m., 1891.

Oct. 28th, 1891 4.56 p.m. 8.41 p.m. 0.49 a.m. 3. 5am.
1.55 p.m. 4.58 8.42 0.58 3.9
2.3 5.25 8.45 1.1 3. 9%
2.11 5.30 8.50 15 - 3.18L
2.12 5.50 8.53 1.10 3.19
2.16 6. 4 9. 3 1.12 3.20
2.27 6.11 9.7 1.16 3.21
2.32 6.14 9.17 1.17 3.23
241 6.15 9.21 1.20 3.24
2.45 6.17 9.22 1.29 3.35
2.50 6.18 9.34 1.31 3.50
2,51 6.26 9.36 1.34 3.59
2.55 6.27 9.40 1.38 4. 0
3. 3 6.28 9.44 1.39 4. 5
3. 6 6.31 9.52 1.43 4. 7
3.10 6.34 9.58 1.44 4. 8
3.22 6.42 10.14 1.50 4.10%
3.32 6.44 10.18 1.53 ! 4.15
3.51 6.47 10.21 1.54 4.18
3.52 6.48 10.21 1.56 4.19
3.53 7.1 10.30 1.57 4.29
3.55 7. 2 10.40 2.9 4.23
3.58 7.8 11. 0 2. 9 4.27
4,1 7.13 11.10 2.11 4.29
4. 6 7.14 11.14 2.19 4.32
4.13 7.18 11.32 2.28 4.33
4.20 7.26 11.41 2.33 4.35
4.22 7.38 11.49 C2.34 4.36
4.24 7.40 11.53 2.36 4.38
4.43 7.54 0.12 2.49 4.45
4.45 7.57 0.14 2.54 4.471
4.48 8. 7 0.20 2.56 4.484%
4.51 8.22 0.28 2.57 4.51
4.52 8.23 0.37 2.30 4,52
4.54 8.32 0.46 3.3 4.551
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October, 29th 8.23 a.m. 11.27 a.m. 0.54 p.m. 411p.m.
5. 6a.m. 8.24 11.33 0.56 4.17
5.7 8.26 11.36 0.56% 4.20
5.8 8.33 11.40 1.0 4.99
5. 9 8.351 11.42 1.2 493
5.12 8.87 11.45 1. 2 4.94
5.14 8.40 11.46 1. 4 4.48
5.18 8.41 11.48 1. 41 4.51
5.24 8.43 11.49 1. 7 4.59
5.26 8.56 11.49% 1.14 4.58
5.28 9. 6 11.51 1.17 5.5
5.30 9.13 11.51% 1.19 5.6
5.31 9.16 11.54 1.21 5.15
5.52 9.21 11.55% 1212 5.23
5.53 9.331 11.58 1.302 5.29
5.54 9.341 0. 0p.m. 1.85 5.34
6.13 9.36 0. 4 1.36 5.41
6.16 9.39 0. 6 1.88 5.45
6.41 9.45 0. 73 1.443 5.51
6.43 10. 1 0. 8 1.51 5.54
7.4 10.27 0.10 2.9 5.59
7.7 10.29 0.13 2.10 6. 2
7.12 10.37 0.14 2.25 6.15
7.13 10.49 0.141 2.85 6.21
7.14 10.43 0.174 2.43 6.30
7.15 10.431 0.18 2.47 6.32
7.23 10.46 0.21 2.51 6.34
7.29 1048 0.22 2.57 6.41
7.30 10.49 0.23% 3.18 6.49
7.33 10.50% 0.25% 3.29 6.44
7.50 10.59 0.261 3.37 6.46
7.51 11. 0 0.28 3.39 6.47
7.52 11. 5 0.29 3.44 6.50
7.58 11 7 0.31 3.45 6.531
8. 1 11.15 0.87 3.47% 6.56
8.114 11.20 0.46 3.55 6.58
8.18 11.21 0.49 3.57 7.7
8.22 11.221 4.10 7.13




180 F. OMORL

October, 29th 10. 7 p.m. 2.14 a.m: 429 am.| 11. 2a.m.
717 pom. 10.17 2.18 4.30 11.27
7.19 10.21 2.22 4.35 11.32
723 10.23 2.36 4.39 11.43
7.25% 10.30 2.42 441 11.49
7.26 10.31 3. 2 4.42 11.51
7.27 10.50 3.8 4.46 11.54
7.0 10.55 3.103 5.5 0. 0p.m.
7.39 11. 0 3.17 5.8 0.12
7.45 11.10 3.18 5.12 0.26
7.45% 11.15 3.26 5.32 0.43
7.46 October, 30th 3.29 5.39 -0.58
7.47 0. 4 am. 3.33 542 L3
7.55 0.5 3.34 5.47 1.11
7.56 0.6 3.35 5.57 1.13
8. 4. 0.13 3.35% 6.10 1.15
8. 91 0.14 3.39 6.13° 1.19
8.13 0.30 ’ 3.40 7.26 1.24
8.141 0.37 3.401 7.30 1271
8.15 0.41 3.46 7.33 - 140
8.19 0.46 3.47 7.40 1.43
8.35 0.47 3.48 7.43 1.47
8.36 0.48 3.52 8.0 2.17
8.41 0.53 3.55 8. 4} 2.23
8.42 0.56 3.57 8.10 3.6
8.49 110} 4. 0 8.13 3.504
8.50 1.14 4.1 8.14 4. 8}
9.5 1.17 4. 2 8.15 4.19
9.35 1.18 4. 5 8.21 4.35
9.40 1.22 4.7 8.30 4.36
9.45 1.32 4. 8 8.50 4.47
0.46 1.87 4.8% 9. 6 - 4.58
9.47 1.39 4.9 9.35 5.8
9.56 1.40 4.19 9.49 5.14
9.57 1.49 4.24 9.57 5.19
9.59 1.50 4.25 10.12 5.23
10. 1 1.54 4.27 10.14 6. 4
10. 4 2. 6 4271 10.49 6.26
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October, 80th 2.40 a.m. 6. 8 a.m. 253 pm.| 10.16 pm.
6.34 p.m. 2.46 6.14 3.1 10.29
6.35 2.48 6.28 3.8 10.34
6.40 2.50 6.35 3.29 10.36
7. 0 -2.51 6.48 3.42 10.48
7. 2 2.56 6.57 3.51 10.59
7.5 2.57 6.59 4.1 11. 6
7.9 2.59 7.7 4.12 11.48
7.95 3. 5 7.13 4.403 11.52

797 3.10 7.22 451 Nov., 1Ist

7.31 3.22 7.24 5.12 0. 7am.
7.42 '3.25 7.40 5.45 0.8
7.48 3.46 7.47 6. 5 0.13
7.49 4. 4 8.18 6.121 0.18
7.53 4. 8 8.26 6.14 0.19
.57 4.10 8.38 6.16 0.42
8.1 4.14 8.51 6.22 0.55
8. 2 4.17 8.53 6.24 1.2
8.7 4.19 8.55 6.57 1.23
8.12 4.31 8.57% 7.8 1.29
38.14 4.37 9.11 7.12 1.80
8.22 4.39 9.27 7.16 1.34
8.28 4.43 9.34 7.17 1.85
8.30 4.49 9.39 721 1.44
8.47 4.55 10.23 7.97 1.45
8.50 5. 4 10.30 7.29 1.57
8.53 5.9 10.85 7.52 2.16
9. 0 5.15 11.14 7.34 2.97
9.17 5.17 11.19 7.35 2.34
9.22 5.21 11.274 7.55 2.42
9.25 5.25 0. 5 p.m, 8.11 2.44
9.30 5.29 0.8 8.14 247
10.30 5.30 0.36 8.15 2.50
11.47 5.34 1. 921 8.24 2.54
October, 31st 5.88 1.35 8.35 2.57
0.20 a.m. 5.40 1.48 8.46 3.22
2.20 5.49 2.29 9.14 4.33
2 38 5.58 2.32 9.35 4.40
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Nov. Ist 3.10 p.m. 0.33am.| 10.45 am. 8.19 p.m.
4.50 a.m. 3.47 0.37 10.53 8.44
5.7 3.51 0.40 11.19 8.52
5.10 4. 6 0.45 11.46 9. 5
5.17 4.55 0.47 11.50 9.26
5.19 5.28 0.55 011lpm.|  9.35
6. 6 5.8 L15 0.24 9.52
629 5505 2.12 0.47 10.14
6.40 558 2.25 0.51 10.17
6.43 6.13 2.36 1.7 10.37
6.44 628 | 2.58 1.20 10.42
6.47% | 6.31 ‘ 3.7 1.20% 11.43
6.52 | 6.45 3.15 1.87 11.57
7124 6.49 ' 3.26 2.9 Nov., 8rd
721 655 329 9,23 0.12 a.m.
7.30 6.59 3.47 9,392 0.34
7.41 7.10 3.50 9.34 1.47
8.31 7.16 3.52 2.38 1.52
8.46 7.45 4.2 .45 9. 7
9.17 7.50 4. 5 5.1 3.0
9.87 7.57% 4.10 8.5 3.8

10. 1 8.20 4929 4.94 3.13
10.15 8.35 4.29% 4.50 4.3
10.21 8.38 4.54 4.58 4.15
10.38 9.18 5.46 5.40 4.98
10.43 9.26 5.48 5.50 4.47
10.48 9.27 6. 0 6.29 4.55
11.42 9.30 6.43 6.36 4.58
11.45 9.83 7.11 7.7 5. 2
11.46 9.35 7.21 7.12 5.32
11.56 9.38 7.82 7.16 5.56
0.46 p.m, 9.58 7.33 7.19 6.48}
1.5 10.20 8.53 7.29 6.53
1.14 10.21 9.17 7.45 6.56
1.47 Nov., 2nd 9.30 7.48 7.6
9.43 0. 2 am. 9.46 7.50 7.7
2.55 0.16 9.55 7.59 7.12
3. 0 0.21 10.20 8. 8 7.87
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Nov., 3rd 7. 3pm 5. 0am. 5.81 p.m. 6.24 a.m.
7.41 a.m. 7.28 5.29 6.19 6.83
8. 4 729" 5.4 6.58 7.10
8.20 7.38 5.54 7.0 7.98
8.32 7.50 6. 8 7.10 7.48
8.53 7.55 6.26 7.16 8. 9
8.55 8.12 6.35 7.19 8.46
915 8.15% 6.36 7.45 9.16
9.45 8.40 6.47 8.30 - 9.18
10.20 8.49 7.4 8.40 9.58
10.21 8.52 7.47 8.51 10.24
10.32 9.93 8.15 9.24 11.16

11. 2 9.34 8.17 9.35 11.32

11.11 9.35 9.20 9.50 0.15 p.m.
11.30 9.47 9.92 9.54 1.48
1141 10.14 9.38 - 10.17% 9.51
0.38 p.m. 10.81 9.55 10.89 3.35
0.44 10.36 9.56 10.41 '3.59
0.58 11.43 10.27 10.59 5.10
1.0 11.50 10.44 11. 0 5.13
1. 8 Nov., 4th 10.48 11.10 5.98
1.16 0.10 a.m. 10.57% 11.17 5.88
2.13% 0.32 11. 44 11.32 6.48
2.56 0.52 11.88% Nov., 5th 6.52
3.44 0.57 11.51 0.22 a.m. 6.54
3.54 1.3 0.34 p.m. 1.1 7.39
3.58 1.18 0.85 1.14 7.50
4.7 1.27 0.37 1.52 8. 8
4.47 1.40 1.0 2.8 8.16
4.49 1.57 1.17 2.29 8.23
4.50 1.58 149 3.9 8.36
5.7 2.12 2. 7 3.22 9.10
5.28 2.25 2.19 3.48 9.19
' 5.34 2.89 2.20 4.4 9.25
5.42 3.0 3.15 5.0 9.28
6.19 3.1 3.34 5.15 10.24
6.36 4.5 4.0 5.22 10.58
5. 2 5.24 11.35

6.45

4.20
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Nov., 5th 1.14 p.m. 1.45 a.m. 11.28 pm.| 10.26 p.m.
11.37 p.m. 1.25 3.29 11.80 10.58
Nov., 6th 2.16 4.21 Nov., 8th 11.38

0.10 a.m. 217 4.55 0.22 a.m. 11.89
0.12 2.39 5.52 0.53 11.45

1. 4 2.45 6. 7 1.5 11.48
1.17 3.49 6. 9 1.7 11.56
2.7 3.50 6.47 2.32 Nov., 9th
2.47 3.55 6.57 4.15 1.18 a.m.
2.49 5.7 7.35 4.35 1.27
3.17 535 7.47 5.50 1.40
3.26 5.47- 8.12 5.55 1.46
3.30 5.57 8.26 6.39 2.47

4. 4 6. 7 8.57 7.26 3.25
4. 8 6.42 9.271 7.48 3.36
4.20 7.2 9.49 7.50 4. 0
4.25 7.6 11.44 8. 3 4.14
4.32 7.11 0.14 p.m. 8.24 4.20
4.39 7.23 2. 0 0.12 4.22
4.56 7.51 2.30 10. 7 4.324
5.9 8. 8 - 2.36 10.41 4.43
5.32 8.10 2.48 10.44 5.25
5.52 8.16 3.49 10.58 5.27
6.18 995 4.34 11. 8% 6. 8
6.57 10.10 5.12 11.17 6.20
7.7 10.30 5.23 11.27% 6.23
9.42 10.50 5.47 11.454 6.37
9.58 11. 2 6. 6 244pm.| 647
10.24 11. 5 7. 8 4. 6 7.24
11. 2 11.32 8.5 4.15 8. 0
1115 11.35 8.10 5.1 9.30%
11.22 11.41 8.43 6.33 10.59

0. 9pm.| Nov,, Tth 9.1 6.36% 11.48
0.25 0. 9am. 9.13 7. 2 0.34 p.m.
0.36 0.25 9.40 8.10 2.13
0.39 0.36 9.58 8.14 2.52
0.44 0.48 10.52 8.40 3. 7
0.52 0.58 11. 7 9.44 3.39%
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Nov., 9th 10.42% p.m. 3.35 a.m. 9.39 a.m. 7. 8p.m.
4. 4tpm.| 1L 0 5.0 10.42 7.12
4.40 11. 4 5.39 11. 7 7.21
5.8 Nov., 10th 6. 8 11.38% 8. 1
5.33 0. 0 am. 6.23 0.46lpm:|  9.13
6.3 1.24 6.34 3.55 959
7.25 1.45 7.32 5.37% 10.10
9. 6 1.57 7.45 5.38% 10.43
9. 5 2.48 7.58 5.40 11.10
9.41% 2.57 8.51 5.51 11.30
10.22 2.58 6.47 11.33

9.31
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TABLE XIL—TIMES OF OCCURRENCE OF BEARTHQUAKESATNAGOYA,
FROM OCTOBER 28th, 1 p.m., TO NOVEMBER 10th, 12 p.m., 1891.

Oct. 28th, 1891]  4.24.30p.m.| 8. 7.40 pm.| 11.13. Opm. 3.30.50 a.m.
1.9.45p.m. 4.24.52 8. 9.35 11.18.31 3.84.30
1.16.5 4.28.10 8.10.46 11.21.26 3.39. 0
1.22.45 4.38.59 8.23.24 11.40.80 3.40.50
1.43.14 4.44.32 8.82. 0 11.44.11 3.41.30
1.54.13 4.51.40 8.32.36 October. 29th, | 8.46.55
1.54.32 4.56. 8 8.36. 6 0. 2. 0am,| 3.55.35
1.55.00 4.57.10 8.41.49 0.19.45 3.57.28
2. 2.24 5. 0.30 8.46.41 0.22.30 4. 2.10
2. 2.50 5. 4.40 8.52.36 0.84.11 4.13.40
2.10.31 5.15. 2 8.53. 4 - 0.38.39 421. 0
2.19.33 5.17. 1 8.55.15 0.46.29 4.21.40
2.21. 8 5.31.95 8.57.49 0.58.26 4.98.30
2.22.30 5.83. 8 9. 8.0 1. 1.48 4.35. 0
2.25.46 5.39.55 9. 4. 8 1. 7.38 4.36.30
2.31.40 5.42.15 9. 8.12 1.16. 0 4.39.50
2.35.18 5.45.40 9.21.12 1.20.20 4.44.15
2.29.44 5.51.59 9.24. 9 1.30.29 4.50.80
2.41.37 6. 4.10 9.88.36 1.49.33 4.55. 0
2.48.56 6.14.35 9.41. 3 1.53. 4 5. 3.30
2.50. 2 6.16.39 9.46.10 1.57. 0 5. 7.30
2.56.13 6.19. 5 9.44.13 218. 8 5.12.30
3. 2.5 6.26.25 9.52.40 2.24.25 5.28.50
3.21. 0 6.27.50 10. 7.59 2.29.26 5.28. 0
3.29. 5 6.38.27 10.11.83 2.33.46 5.50. 0
3.28.35 6.47.53 10.17.45 2.35.10 5.53.30
3.24.54 7.12.45 10.30. 0 2.38.21 6. 4.30
3.31.48 7.18.40 10.80.84 © 04658 6.18.30
3.49.55 7.16.40 10.39.14 2.48.24 6.18.59
3.51.23 7.17.45 10.44.12 3. 0.59 6.43.25
3.52.14 7.19.25 10.47.21 3. 2.57 6.45.20
3.58.12 7.26.80 10.53. 2 3. 7.0 7. 0.0
3.55.22 7.29.31 11. 2.12 3. 4.20 7. 3.30
4.18.15 7.84. 5 11. 3.36 3.11.40 7.12. 0
4.15. 8 7.41.14 11. 7.26 3.19.10 7.20.35
4.21.25 742, 7 11. 9.32 3.20.55 7.30.45
4.22.16 7.46.30 11.11.21 3.28.50 7.40. 0
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7.52.835 a.m.| 0.59.22p.m| 7. 7.30pm.| - 040. 4am.]| 11.31.25 a.am.
7.56.10 1.19.39 7.30.20 0.47.12 11.50.25
7.58.32 1.24.12 7.39.10 0.49.29 0.29.32
8. 4.45 1.34. 4 7.45.20 0.51.20 0.48.27 p.m.
8.11.28. 1.34.22 7.46.10 1. 7.82 1. 2.80
8.14.30 2. 8.93 7.55.24 1. 9.50 1. 4.19
8.26.10 2. 8.50 8.18.21 1.13.31 1.47.21
8.27.15 2.10.15 8 33.22 1.15.50 2.24.12
8.38.37 9.42.30 8.31.50 1.26.15 3. 6. 5
8.36. 7 2.53. 0 8.41.15 1.28. 0 3.17.28
8.37.53 2.59.40 8.48. 0 1.30. 0 3.59.25
8.41. 1 3. 8.50 8.51.87 1.30.22 4.98.35
R.50.57 3. 5.32 8.58.26 1.89.45 4.39. 5
9. 7.20 3.14.44 9. 1.45 1.51.25 5. 8.29
9.15.56 3.16. 5 9.34.36 1.54.10 5. 9.19
9.21.25 3.92.25 9.43.33 1.56.21 5.10.10
9.24.18 3.33.10 9.51.49 2. 6.20 5.24.15
9.40. 5 3.35. 0 10.29.25 2.97.18 6. 1. 6
9.44. 0 3.44.95 10.44.30 2.86.15 6. 7.82
9.54.40 3.45. 0 10.48.87 3.35.15 6.27.12
10.20.50 4.19.50 10.53.25 3.40. 0 6.36. 2
10.87.40 4.22.920 11. 2. 0 4.16.45 6.492.32
10.44.20 4.37.15 11 916 4.35. 0 7. 7.22
10.46.31 4.43.40 11.14.50 1.53.42 717.17
10.49.42 4.49.20 11.82.29 5.7.5 7.49.92
11. 7.20 5. 3.10 11.44.19 5.42.17 7.55.10
11.12.30 5.25.50 11.46. 0 5.52.22 8.49.45
11.22.36 5.28.10 October 30th 5.57. 2 9. 6.52
11.27.40 5.80. 0 0. 4.12am.| 6.10. 0 9.25.51
11.34.45 5.43.45 0.5 0 6.17.381 9.36.82
11.51.50 5.47.25 0. 6.51 7.19.20 10. 4. 7
0. 6.25 p.m.|  5.57.27 0.12.35 7.54.26 10.10. 7
0.18.40 6. 4.0 0.14.40 8.17.20 10.21.32
0.17.15 6.32.12 0.16.10 8.17.20 10.23.22
0.46.37 6.39. 0 0.29. 0 8.30.22 10.27.35
0.47.50 6.45.30 0.29.40 9. 5.5 10.30.50
0.51. 0 6.51.20 0.32. 0 10. 5.27 10.87.52
0.56.40 7. 4.23 0.37.15 11. 2.40 10.58.35
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10.54.54pm| 9. 2. 5am| 11.4415pm| 941.15am| 8.20. 4pm.
11.10. 0 10.33.25 Nov., 1Ist 10.41. 2 4.58.81 -
11.10.36 10.44.10 0. 827 a.m.| 10.52.20 5.30.30
11.16.21 11. 0.36 0.47. 0 11.12.55 8. 9.45
11.28. 5 0.25, Op.m, 0.48.46 11.83.31 8.14.25
11.52.38 0.34.10 0.50.40 0.24.50 p.m.,| 8.19.50
11.53.10 0.837. 0 1.18.55 3. 0.22 9.89.10
11.55.10 0.44.39 1.28.40 4.34.45 9.46.55

October, 81st 1. 445 1.86.34 5.18.21 9.48. 5
0. 1.30a.m.| 1.25.0 1.44.32 5.57.51 10.18.40
0. 6.31 1.56.15 1.46.10 6.30. 8 10.42. 5
0.15.13 2.17.85 1.48.44 7.56.27 11.25. 0
0.29. 7 2.95.41 1.50.44 8.19.52 11.55.80
0.34.28 2.37.25 1.52.56 8.27.10 Nov., 3rd
0.50. 0 2.48. 6 2.13. 0 8.89.38 0. 0.15 a.m.
0.56.50 3. 5.10 2.28.20 9.11.55 0.2.5
0.58.12 3.29.59 2.35.13 9.19.21 0.85. 0
0.59.24 3.51.85 2.41.52 9.28.45 0.51.45
1.11. 5 4.18. 8 3. 7.36 9.87.22 0.55. 0
2. 5.52 4.39.20 3.20.24 10.51.40 1.17.35
2.27.32 6.13.28 3.46.17 Nov.,, 2nd | 1.27.30
2.48.50 6.29.25 3.47.58 0. 7.50 a.m.| 1.25.10
2.58. 0 7.18. 0 3.52. 0 0.24.20 3. 5.35
3.10.14 7.87. 5 4.24.10 0.34.36 3.94.10
4. 0.55 7.55.52 4.27.15 1.53.10 5.33. 0
4. 9.5 8.34.25 4.87.40 1.56.45 5.43.49
4.21.30 8.48.20 4.44.25 2. 8.0 8.16.25
5.16.41 9.12.30 4.51.31 2.97.45 189249
7.0.0 9.27.50 5. 9.21 3. 6.15 8.32.56
7.15.25 9.43.14 5.15. 0 4.14.32 8.36.40
7.23.80 9.49.55 5.19.10 5.0.80 9.16.59
7.49.30 10. 0.20 5.87.25 6.12.59 9.32.84
7.51.27 10. 8.50 6. 2.0 9.50.40 9.46. 8
8. 4. 2 10.28. 0 7. 7.15 10.52. 0 10. 4.45
8.22.14 10.49. 5 7.12.46 11.52.34 10.23. 2
8.27.58 11.20.35 8. 3.10 1.58.23 pm.| 11. 0.29
8.56.30 11.24.25 8.30.15 2.12.25 11.43.10
8.58.31 11.43. 5 9, 4.40 8. 4.58 11.43.37
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0. 1.25 pm.| Nov., bth. 11.19.41am.| 3. 0. Op.m| 4.20.10a.m.
1.22.30 3. 1.80am.| 12515pm.| 7.39.59 4.34. 2
4.50.40 3.54. 0 3.31.21 9. 8. 4 5.7.12
4.51.49 4.45.50 7.43.30 11.14.30 5.13.40
7.29.20 6.33.15 7.53. 0 Nov., 8th 6.25. 0
8.51.20 6.34. 5 8.35.15 0.54.40a.m. 7.17.25
9.54.20 7. 7.35 8.39. 0 1. 0. 5 8.20. 2
Nov., 4th 7.49. 0 9.28.40 1.24.25 0.88.14 p.m.
0.1829 a.m.  9.58.40 10.11.15 1.52.40 2. 1.10
0.4525 10.24.25 10.82.25 3. 8.45 7.32.10
1.20.34 11.57.12 10.41.52 3.24.43 7.52.10
1.27.45 0.44.52p.m.| Nov., 7th 5.23.12 8.55. 0
1.33.46 3.85.13 0. 1.20am.| 9.259  |Nov, 10th
2. 0.0 5. 9.56 0. 9.21 11.10.58 2.44.30 a.m.
4. 2.10 5.42.45 0.10. 0 1.28. 5pm| 5. 2.50
41221 7.10.21 0.12. 9 1.30. 0 6. 3.45
4.21.50 9.29.56 1. 1.5 1.47.15 6.24.27
6.37.45 10.16.15 1.46.12 6.37.50 8.84. 0
8.19.15 10.41.18 2.45.30 9.34.20 0.32.85
11.59.30 10.45.38 3.16.40 10.88.50 11.58. 7
22231 p.m.| 11.43.5 4.18.20 11.36.50 5.10.24 pan.
3.15.18 Nov., 6th 4.18.50 11.46.39 5.41.34
3.56.45 0.50. Oa.m.| 5.47.55 11.58.15 6.14.19
4.18. 8 1. 0.15 5.55. 0 Nov., 9th 797. 7
4.39.20 1.19. 7 6.88.50 0.3625am| 8. 4.0
4.44.35 4.25.40 9.18.15 .48 47
7. 1.20 7.26.45 L. 922pm.,| 38.25. 0
8.292. 5 9.59.45 2.48.58 3.37.20
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TABLE XIIL-HOURLY NUMBERS OF EARTHQUAKES AT GIFU,
FROM OCTOBER 28th TO NOVEMBER 16th, 1891.

Day OcToBER, 1891. NovEMBER, 1891. .
Interval s
o829 30 (311|234 |5 |6|7]|8]9]10

O— Tam....| 913 171924125 |2]...]1]| 56
1— 2 1912091126 i3l 2] 11248 64
2— 3 LA15 6100 91411181218 111183 H8
3— 4 L1831200 51 T8 2181311 21 62
4— 5 L26020012) 831616121117 1212]6/...] 9
h— 6 15 8118412181414 13]1121212 33
6— 7 L 42 THT 2135121214158 47
7— 8 L4 Bl 6414512131128 113] 53
35— 9 L4 9] T2 151212 312114111 49
9—10 9 4] 412141215183 12121 11112 41
10—11 L1208 3161313140104 42
11—12 122 71 314138 ﬁl 3121381 13]12 58
O0— lpm.|...126| 5] 8} 1|4(3|3|1]|6 S I O I | s %
1— 2 L1710 3131413131112 1111 48
2— 3 11 81 2i 81216213 114141 112]...] 38
33— 4 10 91 2| 50412138122 138]1|...1211] 36
4— 5 1611 6| 4218141 Ll a19]...] 86
Hh— 6 3111 4} 2142412144312 4]| 47
6— 7 151150 51 747121812138 12|1;21]1 51
T— 8 3|16 12{11y 596|512 |51 1118 77
8— 9 9112|111 6] 3|4 |5]3143]33 1 h8
9-—10 111 9/ 5, 2481|4444, 1141 3|2 5l
10—11 6110 1] 6214 13|42 (312|122 42
11—12 71 830 11 31 2121412513526 35
Sum 101318[173(126( 99|92 |81 | 78|53 |67 |45 (42143 | 40| 1258

Note. In forming the hourly ¢sums,” the wecord for October 28th has not heen taken into
account.

{During Night, or hetween 6 p.m. and ¢ a.m., 709
5 Day, ' 6 a.m. and 6 p.m., 549
1258
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TABLE XIV.—HOURLY NUMBERS OF EARTHQUAKES OF NAGOYA,
'FROM OCTOBER 28th TO NOVEMBER 10th, 1891.

Day OCTOBER,. 1881 NoveEmveRr, 1891
sum
Tnterval 28 20|30 sl 1|2|3]als|6|7|s8]9lw

O0— lam.|.... 7|14 9| 4| 3| 5| 2|...] 1| 4] 1| 1{...| 51
1— 2 ’ 8{12] 1| 8| 2| 3] 3|...| 2| 2| 3|...1...| 44
2— 3 ‘ 81 3| 4| 4] 2. 1 1]. 1] 1 25
3— 4 160 21 1 51 11 2 2 1| 21 2/. 34
4— 5 11} 3] 8|l 5 If...| 8 11 1| 2]. 21. 32
5— 6 T4 1) 40 1| 2]...1...1. 21 1 21 1| 25
6— 7 51 2(...4 1] 1]. 1{ 21...1 1]. 1] 21| 16
7— 8 91 21 5| 2 vt 21 1. 11... 22
8— 9 100 20 5| 2.0 4 1. t..|...]...] 1] 1 26
9—10 7010 1) 21 1] 8. I 1) 1) 1.0 1) 20
10—11 50 11 2| 21 1] 2f. 1].. 14
11—12 6| 8 1] 2| 1] 8] 1| 1] 1 .. 1] a1
O— lpm.|...| 8] 2| 4| 1|...| 1{..0] I|...|...]...] 1|...| 18
1— 2 71 4] 3| 3 ) 1)...]...] 1] 1} 8]...1... 17
2— 3 14 6] 1| 4...0 1}. ... 1{...] 1]... 15
3— 4 1LY 91 81 8| 1) 2. 2] 10 10 1.t ).l 28
44— 5 12 5p 2] 2f 10 1 2] 3. .t 16
5—6 |10 T| 4|...| 2| 1|.. 2. 2| 18
6— 7 L8 5| 51 2 1]. R INUUR S I OO A | I
7— 8 11 7 4 8 1}...] 1] 1| 1] 2| 1 21 1| 24
8— 9 181 7| 1] 2| 8| 8 1 200 1) 1 29
9—10 10| 4| 3| 4| 4| 3| 1 Ly 1) 1) 1)...¢0... 23
10—11 9 4| 9] 4| 1| 2].. 3 81...] 1|...]... 27
11—12 101 6| 7| 4 21.. Li... 1] 8|...]...|| 24

Sum 115171193168 56130(31(20{20(17/20/18|16|12 572l

Note.—In forming the hourly “ sums,” the record for October 28th has not been taken into
account. ‘

{Duﬁng‘ Night, or between 6 p.m. and 6 a.m., 346
s Day, ..- . 6 am. , 6 pm., 226
572

1. The times of earthquake occurrence were lost in a few cases, and therefore this num-
ber is slightly less than according to Table VI.
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TABLE XV.—DAILY NUMBERS OF EARTHQUAKES AT CHIRAN,
FROM SEPTEMBER 7th, 1883, TO JANUARY 3lst, 1894.1

SEPTEMBER, 1893. OcToBER, 1893.
op @ w | 283 > op 12 v | 453 e
B2 | B2 (8%8| @ Es £2 | B2 |82 & g
w m [} ‘Hﬁ 0 =1 wow [ ‘_5 w o
1 2 2 2
2 2 2 2
3 2 2 2
4 ) 2 2
5
6
7 1 1 1
8 4 7 34 45 49
9 5 12 27 44 49
10 1 4 Ph 28 29
11 9 14 23 23
12 G 15 18 18 1 1 1
13 1 1 14 16 17
14 .3 2 16 21 24
15 4 8 12 12 1 1 2 3
16 8 8 8 1 1
17 1 1 3 5 6 1 1 1
18 2 5 7 7
19 5 5 5
20 3 ¢ 6 6
21 4 4 4
22 3 3 3
ok 1 3 4 4
24 1 1 2 2 1 1 2 2
25 1 2 ¢ 3 1 1 1 3 4
26 1 3 4 4 1 7 8 8
27 2 2 2
28 1 2 3 3
29 2 1 3 3 1 1 2 2
30 2 2 2
31
Sum 15 54 | 194 | 263 | 278 2 9 | 23 34 36

1. The Kagoshima earthquake took place on September 7th at 2.46 a.m., and the record of
after shocks was not taken till about 9 p.m. of the same day. The figures in this Table are
the numbers of earthquakes during successive twenty-four hours between 9 p.m. of each day
and 9 p.m. of the next.
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TABLE XVI.-HOURLY NUMBERS OF EARTHQUAKES AT CHIRAN,
FROM 8th TO 21st, SEPTEMBER, 1893.

Day SEPTEMBRR. 1893.

Interval 8o |1ol11]12l13|14] 15|16 |17 |18 192021
O0— Tam.|| I{...[...0...]...]...] 1}... 1.
1— 2 sl 1] 1] 2] 1] 1] 4|...|...0.
2— 3 50 21 2] 2 1
3— 4 10 1) 1. 1 1) ] 2]
4— 5 10 1 2.0 L{...]...1. 21, 1] 1
5— 6 81 3| 4.0 11 20 20 1|...]...]. 1
6— 7 10 1) 2. 1) 1) 1. 1]...| 1}.
7— 8 41 21. 21 1| 271. U I I IV I
8— 9 20 8. ... 1] 17. 10...] 1] 1
9—10 41 71...1 1] 2]. (.0 ]...
10—11 ORI N 10...0...1]. b2y, 1
11—12 31 81 21......]...] 1]. 11. 1
0— lpm 1| 1| 1| 1]...1. U T
1— 2 1) 2] 1 1 5. 1. 1
2— 3 2 8l 1) 2] 1] 21 1.
3— 4 11 8| 2]...0...1. 1. 1
4— 5 3| 4. 1] 1}...1]. 1
5— 6 N | 5 O AR IVUURN IV VU IR I
6— 7 31 2. 2 (... 1) 1)...]...
7— 8 31 21 3] 1]...0. 1. 1
8— 9 e 1 20 ... . vl
9—10 21 1 ol 1) 27, 1. 1
10—11 gt 1.0 1) 1) 1 401
11—12 41 11 8] 1] 1

Sum 4914118021120/ 14(25(6 |7 |6 |6 |5 |06 |4

sam

12
10

15

11

12
13

10

10
11

8
12

10

233

{

During Night, or between 6 pm.and 6 a.m., 119
, Gpam, 114

»

Day,

2

»

6 a.m.

233
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TABLE XVIL-MONTHLY AND YEARLY NUMBER OF EARTHQUAKES
IN STRUMENTALLY RECORDED IN TOKIO FROM JANUARY,
1876, TO DECEMBER, 1893.

~._ Month

Yoar 1 jus IIr ) 1v V VI | VII | VIII| IX X XI | XIT || sum
1876 | 3| 4| 6| 11 5| 3| 8| 5| 38| 3| 4| 6| 56
1877 | 4| 5| 6 sl 8| 9| 6| 4| 1| 8| 6| 9| 71
1878 | 3| 8| 7| 2| 5| 4] 4| 1| 2| 4| 6| 4| 50
1879 | 6| 7| 14| .| 9| 4| 3| 4| 1| 7| 6| 9| 70
1880 | 9 9l 6| e 2| 9f 8| 4| 1| 3| 10| 10| 77
1881 | 18| s| 8| 8| 4| 3| 3| 3| 2 3| 3| 8| 66
1882 | 4| 7( 15| 6| 38| 2| 2| 1| 1| 4| 1 46
1883 | 6] .| 3| 3| 6| 2| 8| 1| ..| 1] 38| 4| 32
1884 .| 5| 2| 8| 2 9| 4| 1| 4| 2| 8| 8| 15| 68
1885 | 7| 9| 8| 4| 3| 6 .| 3| 8 10| 3| 7| 68
1886 | 3| 8| 3| 2| 8| 4| 2| s 4] 2| 8| 5t
1887 | 10| 4| 3| 8| 13| 5| 6| 2| 10| ...| 5| 14| 80
1888 | 4| 15| 7| 7| 11| 9| 9| 7| 11 4| 13| 4| 1ol
1889 | 5| 16} 11| 18] 18| 7| 5| 8| 7| 8| 9| 6| 113
1890 | 5| 5| 6| 15| 14| 5| 12! 7| 4, 8| 10| 2| 93
1591 | 1 4 ¢ 7| 10| 7] 8| 4| 4| 45! 12| 15| 123
1892 | 9| 9| 2| 7 8| 6| 7 2| 4 10| 4| 5| 73
1893 | 6| 4| 3l 7|11 9 3 5 30 3 1| 59
sem  |103[119122|118|142] 98, 86| 71| 73| 133|108|127 | 1300
Average | 5.8] 6.6| 6.8| 6.6] 7.9] 54| 48] 4.0] 4.0, 74| 60| 7.0| 722

Note.—The greatest monthly earthquake number, namely 43, occurred in October, 1891. Of
this however, 28 took place within the last four days of the month, being due to the residual
effect of the great Mino-Owari Earthquake. We may take (45—28)X 3419 as the proper
namber of shocks for October, 1891.. Making this modification, the total number for 1891
becomes 97, and the average monthly number for October becomes 6.  These labter values
have been used in drawing curves, Figs. 18, (4) and 20.
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TABLE XVIIIL-HOURLY DISTRIBUTION OF 11€8 EFARTHQUAKES
RECORDED INSTRUMENTALLY IN TOKYO FROM
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2

a.1n.
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2
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ERRATUM AND NOTE.

Page 150, line 7, for September 8th to 21st read,8th to 21st, September.

Nore To TasLe XIX.—The numbers given  in this table include those of the after-shocks of
the Kumamoto earthquake of July 28th, 1889. When the shocks which happened at

Kumamoto during the latter half of 1889 are excluded, the monthly distribution of
earthquakes becomes as follows.

Month.- I | II IIr | Iv Vv VI | VII | VIII | IX X XI | XIL

Number ' -
‘?f eqles. 51 57 51 49 65 43 43 42 43 45 57 48

The curve of monthly earthquake frequency [Fig. 21, (5)] has heen drawn from the ahove
modified data.
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TABLE XIX.—HOURLY DISTRIBUTION OF 3842 EARTHQUAKES

IN JAPAN DURING 6 YEARS, FROM 1885 TO 1890.

Month
m I IT I} IV A\ VI | VII |VIII| IX X XTI XII| sum
o— 17 sl 13| 5| 11| 11| 18] 10 11| 7| 7| 28| 9| 183
1I— 2 | 11] 18] 6| 9| 9| 10| 12| 12| 16| 17| 14| 19| 153
29— 8 | 17| 12| 17| 14| 16| 9| 26| 29| 23| 13| 19| 16| 211
3— 4 | 13| 11| 13| 18] 22| 10| 12| 29| 10| 11| 12| 15| 176
4— 5 | 13| 16| 7| 6| 24| 8| 9| 16| 11| 9| 10| 10| 139
5— 6 | 13| 14| 15| 11| 26 15| 171 12| 16| 10| 9| 166
6— 7 || 12] 16| 15| 11| 16| 11| 12| 12| 14| 15| 9| 10| 153
7— 8 | 18] o9l 10| 19| 15| 18| 9| 15| 12| 15| 16| 11| 162
8&— 9 | 12| 13| 11| 9| 20| 7 15| 18] 8| 16| 13| 151
9—10 | 12| 14| 16| 7| 17| 14| 11| 16| 10| 14| 18| 8| 157
10—11 | 16| 12| 10| 11| 14| 11| 7| 12| 18| 11| 7| 12| 139
11—12 10] 14| 18| 12| 16| 16| 10| 12| 10| 8| 10| 19| 155
o— 1™ 13| 9| 8| 10] 14| 8| 9| 15| 18] 9| 25| 13| 151
1— 2 91 18| 12| 211 24| 16| 11| 20| 11} 14| 19| 11| 186
2— 3 13 9| 22 22/ 201 18] 17| 21| 11| 10| 17| 13| 188
3— 4 8| 24| 12| 18| 18| 7| 12| 22| 14| 7| 16| 9| 162
4— 5 6] 8| 12| 15| 14| 6| 11| 20| 13| 15| 15 144
5— 6 | 17| 14| 13| 11| 11| 12| 10| lo| 9| 10| 7 132
6— 7 | 13| 10| 16| 7| 12| 8 15 11} 16| 12| 11} 135
7— 8 | 16| 10| 17| 9| 16| 10 13] 10| 16| 14| 16| 156
8— 9 | 13| 13| 13| 12| 14| 4 11| 10| 15| 25| 14| 153
9—10 | 15| 19| 11| 8| 21| 17| 18| 17| 14| 11| 15| 18| 184
10—11 | 14| 23] 16| 12| 15| 13| 7| 13| 6| 24| 16| 26| 185
11—12 | 16| 21| 13| 10| 11| 10| 11| 19| 12| 16| 19| 13| 171
sam | 303]340(308|293 | 391|259 |270 | 392 | 298 | 307 | 369 | 812 || 3842

-%During Night, or between 6 p.m.

Day,

3

and 6 a.m., 1962

6 am. .

6 p.m., 1880

3842
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TABLE XX.—~-HOURLY.DISTRIBUTION OF 5333 EARTHQUAKES

IN JAPAN.

Interval G1rU. CHIRAN WHOLE JAPAN sum
0— lam. 56 3 133 192
1— 2 A 64 15 . 153 239
2— 3 38 12 211 281
3— 4 62 9 176 247
4—5 992 9 139 240
5— 6 63 17 166 . 246
66— T 47 9 153 209
7— 8 53 12 162 997
8— 9 49 10 151 210
9—10 41 15 157 218
10—11 49 6 139 187
11—12 58 11 155 9224
0— lpm.| 54 4 151 S 209
1— 2 48 12 186 246
2— 3 38 13 188 239
3— 4 36 8 162 206
4— 5 36 10 144 190
5— 6 47 4 132 183
6— 7 51 10 135 196
7— 8 77 11 156 244
8— 9 58 3 153 214
9—10 51 8 184 243
10—11 49 12 185 239
11--12 35 10 171 216
Sum 1258 233 38492 5333

1. The data in this table are collected from Tables XIII, X VI, and XIX.
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TABLE XXI-YEARLY SEISMIC « ACTIVITIES” IN SWITZERLAND,
THE VESUVIAN DISTRICT, SICILY, AND THE BALKAN PENINSULA
AND NEIGHBOURING ISLANDS, FROM 18355 TO 1883.1

District

VESUVIAN

Tenr —_ SWITZERLAND Districr SiciLy BALx. PeNIN, sum
1865 8 45 21 3 112
1866 7 24 19 104 154

- 1867 13 26 8 100 147
1868 23 16 8 19 66
1869 14 62 12 23 116
1870 19 51 6 95 101
1871 25 27 6 23 81
1872 1 3 9 13
1873 1 1 53 55
1874 3 23 16 9 51
1875 3 8 5 5 21
1876 7 55 33 12 107
1877 7 17 4 34
1878 9 11 3 6 29
1879 11 18 11 48
1880 33 9 26 14 82
1881 65 8 7 17 97
1882 40 5 17 62
1883 24 3 21 23 71
Sum 313 396 291 517 1447

1. The data are taken from Fuchs’ ¢ Statistik der Erdbeben.”

It is difficult to count ex-

act numbers of earthquakes from the Catalogue, and the figures in the table, which are intend-
ed to represent seismic “ activities,” are merely the numbers of days in successive years on which
one or more shocks have been recorded.
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TABLE XXII.-YEARLY NUMBERS OF EARTHQUAKES IN MINO,
OWARI, AND MIKAWA, FROM 1887 TO 1890.

Pracs, DisTRICT 1887 1888 1889 1890 sum
(M1No) .
Gifu (Met. Station.) 7 20 19 16 62
Nakatsugawa, Ena 11 11 7 10 39
Mitake, Iani. 8 9 7 15 37
Ota, Kamo. 6 7 14 16 43
Takayama, Toki. 10 11 12 9 49
Kozuchi, Mugi. 7 4 6 7 24
Kitagata, Motosu. 5 7 7 I 25
Ibi, Ono. 7 8 7 4 26
Ogaki, Ampachi. 13 5H 8 6 32
. Takata, Taghi. 3 2 7 4 16
Takasu, Shimo-Ishizu. 15 3 8 4. 30
Hachiman, Gujs. 5 ) 6 2 18
Kasamatsu, Haguri 1 é 7 6 17
Takatomi, Yamagata. -2 6 5 6 19
Tarui, Fuwa. 5 3 5 13
(OwARL)
Nagoya (Met. Station) 8 5 9 13 35
Atsuta, Aichi. 3 7 6 8 24
Katsukawa, Higashi-Kasugai. 4 5 9 13 - 31
Shimo-Otai, Nishi-Kasugai 10 10 8 10 38
Handa, Chita. 12 14 6 15 47
Tsushima, Kaito 8 4 5 7 24
Inazawa, Nakajima. 6 3 8 5 29
Koori, Niwa. 7 8 5 4 24
(MirAawA)
Toyohashi, Atsumi. 2 2 3 2 9 -
Shinshiro, Minami-Shidara 8] 5 3 7 283
Okazaki, Nukada. 9 10 12 8 39
Chiryu, Aomi. 5) 11 9 8 33
Koromo, Nishi-Kamo. 9 12 9 9 32
Nishio, Hazu. 6 10 3 10 29
Tomioka, Yana. 9 3 : 3 11
Taguchi, Kita-Shidara. 9 ‘ 3 ] 5 18
Asuke, Higashi-Kamo. 5 11 12 14 492
Gon, Hoi. 4 7 7 7 25
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Fig. 21, =11g.21 , (5) —Annual Fluctuation of Seismic Frequency in Japan.
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Fig. 24.—Frequency of Barthquakes
at Gifu and Okawara.
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Fig. 27.—Distribution of Earthquakes

during 1892 in Mino, Owari, and Mikawa.
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Fig. 28— Distribution of Earthquakes

during 1893 in Mino, Owari, and Mikawa.
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Fig. 29.—Distribution of Earthquakes
during January, 1894 in Mino, Owari, and Mikawa.
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Fig. 31—The Great Earthquake of Oct. 28th, 1891.
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l @ - meteorological station.

(1) and [ 12 ) are isoseismal lines along which the maximum accelerations
af earthqualke motion were respectively 2000 and 800 mm. per sec.
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