EARTH TREMORS IN CENTRAL JAPAN.

RECORDED BY AN AUTOMATIC TREMOR MEASURER.

By Joun MILNE.

[Read November 18th, 1886.]

INTRODUCTION.

In 1883 I read before the Seismological Society a paper on
Earth Tremors, in which I gave an outline of what had been
done towards the study of these movements, not only in Japan,
but also in other parts of the world. (See Trans. Seis. Soc.
Vol. VII,, Part I.) In that paper a description was given of
the various instruments which had been used for the observation
of earth tremors, especially those employed by the observers
in Ttaly. One instrument which was described in detail was
the normal tromometer of Bertelli and Rossi. Among the more
important results which have been obtained in connection with
‘microseismical disturbances is the observation that they are
closely connected with barometrical fluctuations. Those move
ments which take place with a barometrical depression, which are
the movements most generally observed, are called baro-sezsmic
movements, while those agreeing with periods of high pressure
are called volcano-seismic movements. The relation of micro-
seismic storms to barometric pressure is very marked during
volcanic eruptions. Professor M. S. de Rossi, the indefatigable
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noticeable in winter. Vertical movements are connected with
seismic desturbances. In addition to these observations a
number of other observations of less importance have been
made, an account of which may be found in the above men-
tioned paper. '

For translation of the information I have derived from
Italian sources I have to thank my friend, Signor Luigi Casati,
of the Italian Legation.

The subjects which are treated upon in the following pages
are as follows :—

I.—Recent work in Italy.

II.—Observations on the work done in Ttaly.

IIT.—Tremor recorders, with special reference to an auto-
matic tromometer.

1V.—Tables of records made with automatic tromometers.
. General barometric analysis of these records.
. General wind analysis of these records.
Detailed wind analysis.
. Detailed barometric analysis.
. On the presence of tremors and absence of wind.
. On the absence of tremors and presence of wind.
. Analysis of a few selected tremor storms,
. Tremors and earthquakes.
Tremors and the state of the wind in central Japanin188s.
V.—Earth tremors on mountains.

SO0 Ny S R Y >R

VI.—General conclusions.

I—RECENT WORK IN ITALY.

In consequence of the efforts of Professor M. S. de Rossi,
the observation of microseismical movements in conjunction
with the observation of other terrestrial phenomena has been
systematized throughout Italy. In 1883, with the assistance of
the Minister of Agriculture and Commerce, a central observatory
for these observations was established under the directorship
of Professor Rossi in Rome.
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At this observatory every day a map of the Italian Peninsula-
is drawn, on which are indicated the following phenomena :—

1. Isobars at one millimeter apart.

2. The intensity of microseismic movement in different parts.
of the kingdom.

3. The number and intensity of earthquakes.

4. The state of activity at volcanoes.

5. The state of hot-springs.

6. The increase or decrease in the waters of wells.

With each map information respecting the above phonomena-
as observed at special places is given in detail.

These maps are issued in series of ten, a number correspond-
ing to Rossi’s microseismic periods.

The information on which the maps are founded is obtained.
from 27 stations distributed throughout the kingdom, at each
of which there are at least instruments for recording earth
tremors.

From the tabular matter accompanying the maps you can.
read the state of microseismic activity at any particular station
or the average state of activity for the whole kingdom for any
particular day or for a whole decade of ten days.

In the Bullettino del Vulcanismo Iialiano, Professor Rossi
gives a ten days’ summary as to the state of endogenous.
phenomena throughout the kingdom.

The following are examples of such summaries from January
to May, 1885 :—

Janvary—1883. .

1. Decade.—During this period seismic activity was very
marked in Andalusia.  As there was also considerable
activity in Italy, Rossi named this period the Italo-Iberico. In.
ITtaly the microseismic disturbances were strong, and invariably
accompanied seismic maxima which occurred on the 1st, 5th,.
and 8th. The barometric pressure, which was always high,.
did not seem to disturb this activity.
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2. Decade.—The whole of this period is marked by a strong
~atmospheric disturbance, which increased the microseismic
activity throughout the whole of Italy. Earthquakes were
doubled in number and also in intensity, the maxima of dis-
turbance being on the 12th, r4th, 17th, 19th, and zoth. These
dates, when we reckon according to decades, nearly correspond
to the dates of maxima in the first decade.

3. Decade.—The centre of barometric depression was felt
~on the 21st, 23rd, and z6th, which dates coincide with import-
ant microseismic disturbances. These disturbance have been
accompanied or preceded by earthquakes which were more
numerous than severe—the number recorded being 100. The
“largest groups appeared on the 21st-22nd, the 24th-28th and
-the 31st. These maxima occur at intervals relatively to those
which preceded them which are decadic.

FEBRUARY.

1. Decade.—On the 3rd, 4th, s5th, 6th and 10th the geody-
namic and atmospheric disturbances were coincident. On
these days the centre of barometrical depression was in Italy.
Microseismic movements were observed and a number of
-~earthquakes were felt. Neither the microseismic disturbances
nor the earthquakes were excessive. The seismic maxima
were on the 3rd and 4th, and again on the roth, when an
-earthquake in Liguria was felt.

2. Decade.—The strength and number of endogenous pheno-
mena diminish towards the end of the decade. The centre of
-atmospheric depression occurs on the 11th, 18th, and 2oth and
is accompanied by microseismic activity. The earthquakes
were not numerous nor severe. They occur on the 12th and
13th after the microseismic disturbance, and again on the 16th,
-usually shaking the coast of Liguria. '
3. Decade.—After the atmospheric depression and microseis-
mic movement on the 2oth there occurred a seismic maximum
-on the 21st, with earthquakes along the whole peninsula on
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the Alps, the Apennines, and in Sicily. After this there were-
no important disturbances either in the atmosphere or in the-
earth. In fact an unusual calm took place which, as ex-

perience has taught, was the precursor of unusual activity.

This commenced on the z6th and continued on the succeed-

ing days when the Appenines (Modena) and the Baldo

region near Verona were shaken by a large and strong earth--
quake. The seismic disturbances of this decade therefore

kept at the same periodic distance as in the previous decade,

the movements of the z1st corresponding to the movoments of

the 10th, and those of the 26th to those of the 16th.

MAaRcH.

1. Decade.—The seismic period commenced in Emilia on
the zoth February, continuing on into March, especially in the
first decade. It showed the usual relations with other pheno-

mena.

On March 1st a maximum coincides with the centre of a
barometric depression. On the 3rd a maximum occurs with-
out showing this coincidence, but on the 6th and 7th the coin-
cidence is again noted. With this last maximum microseismic
activity considerably increased, which activity continued into.
the second decade.

During this decade the eruptive phenomena of Stromboli.
were very marked.

2. Decade.—Strong microseismic movements continue until.
they unite with actual earthquakes. This is noticeable with
the earthquakes of Emilia and Sicily on the 12th and 14th,
when there was a new atmospheric tempest. With similar
atmospheric conditions we have new microseismic and seismic
disturbances on the 19th and zoth. These especially shook.
the Province of Verona and Sicily.

3. Decade.—The maxima of general activity are not well.
distinguished in this decade. However, between the 21st and
26th Italy was the centre of an atmospheric depression with.
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‘which there was seismic and microseismic activity. These
‘movements, however, momentarily ceased because they accom-
panied the strong winds between the 28th and 3oth. The
activity of Vesuvius appears to have coincided with the general
maximum just discribed.

APRIL.

1. Decade.—The endogenous activity continues as on the
third decade of the previous month. All days are maxima,
but the greatest disturbances were on the 3rd, 4th, 5th, 7th,
-gth, and roth, and in each case there was a barometric de-
pression. The great earthquake of the 1oth appears to have
been the culmination of this storm.

2. Decade.—Earthquakes diminish in number and force
and with them earth tremors also decrease.

The points of maxima are from the 11th to the 13th, the
16th to the 18th, and between the 19th and zoth. An atmos-
pheric depression accompanies the two first of these maxima,
but it is not noted with the last, which, it may be remarked, is
the least of the maxima.

Decade. 3.—Endogenous activity continues to decrease
until the 28th, which wasa day without any earthquakes. The
maxima, which are small, occur at the usual intervals in the
21st, 231rd, 24th, 25th, 27th, and 2gth.

Out of them the most important microseismic movements
took place on the 27th, zgth, and 3oth and with these move-
vents there were atmospheric depressions. Vesuvius was re-
latively quiet during the first fortnight, but during the second,
-especially from the 2oth, it emitted some small streams of lava.

Mav.
Decade 1.—Amongst the more important phenomena in
“this decade was a slight eruption of Vesuvius. Seismic maxima
appeared on the 1st, from the 3rd to 5th, and on the 8th. The
microseismic movements continued from the 1st to the 7th,
with maxima on the 5th and 7th, These were connected with
~atmospheric depressions.
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Decade 2.—There was an important microseismic move-
ment on the 12th, together with a depression. Afterwards they
continued from the 4th to the 1gth, especially on the 15th and
19th, at which time (except the 17th and 18th) there was an
atmospheric depression either in Italy or near. Earthquakes
were numerous but slight. Etna was shaken. Their maxima
were from the 11th to the 14th, and the 18th to the 20th.

Decade 3.—In this decade seismic and microseismic repose
commences. Atmospheric depressions are few. On the zznd
a slight depression was accompanied by microseismic disturb-
ance, the only activity during this calm. A few slight shocks
had thus maxima on the 21st, 28th, and 3oth, keeping an
interval of the double decadic period.

II.—OBSERVATIONS ON ITALIAN WORK.

In connection with the work now being carried out in Italy,
there are several points which I find difficulty in understanding.
One difficulty arises when I compare the maps and the data
on which they were founded with Professor Rossi’s general
conclusions which have just been given.

For instances the average values for the microseismic activity
in the Italian Peninsula for the month of January, 1885, is
given in the Bulletiino del Vulcanismo Italiano (Anno XIII.
Fas. 1—3, p. 5, 6 and 7) as follows :—

Jaxvary 1883,

Davs. 1* 2 * 6 8* 10
Decade I. 3 * 5 4 ?
Med. Micros. ............ 1.42 2.23 2.32 168 1.7 2.26 1.40 1.63 1.33 o0.61
No. of Shocks.... .4 3 3 3 4 3 3 2 3 4
Max. Intensity ......... 5 4 3 1° 4 1° 22 3 1° 1°
Davys. 1r 12¥ 33 14% 1 16 m* 18 19% 20%
Decade II. + $ ! !
Med. Micros. ........... 1.44 3.07 2.59 2.15 3.07 2.86 241 2.08 3.37 2.59
No. of Shocks.... . 7 3 17 6 9 3 3 o 8
Max. Intensity ......... 3° FASI LR 1 1° 1 3 2°

Days, 22% 23 24% 2 26 2! 28% 2 ) ¥
Decade III. + s g ’ 3 3

Med. Micros. ............ 2.03 2.13 I1.74 2.66 1.59 1.83 1.%4 .94 .64 .66 1.35
No. of Shocks.... - 19 4 4 14 19 16 ¢ 6 1 2 6
Max. Intensity ......... I 3 I 8 1 I 1 1 1 2 3

When examining the above table I fail to see that the days
marked with an asterisk, which Professor Rossi mentions as days
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of maximum activity, are really such days. Even if they are
such days, then the days of maximum activity hardly appear to-
agree decadically with those of another decade. When each
decade is divided into three parts, if there is not actual cor-
respondence it seems impossible that there should not be a
near correspondence.

My chief object in making these criticisms is for the purpose
of gaining information, and I therefore trust that they will be
accepted in that spirit.  As matters stand at present, with the
same data that has been employed by Professor Rossi, although
I might agree with him on many points, I do not see how I
could fail but arrive at different results regarding the particular
points now discussed.

Another point to which I would draw attention is the oft-
repeated statement that microseismic storms accompany baro-
metric depressions. I have repeatedly observed the same fact
in Japan, but I have also observed that tremors sometimes.
occur with a high barometer.

A more general way of connecting tremors with atmospheric
phenomena appears to be to regard the majority of them as
committant with steep barometric gradients, and a glance at
the following table, compiled from tables in the Bullettino del
Vuleanismo Italiano apparently shows that tremors are al a
maximnm in the Ilalian peninsula when the barometrical
gradient is steep, no matler whether the barometer is high or
whether 1t is low. ’
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Darte. MEeaN MICROSEIS. BaroMETRIC FaLL HEelGHTS OF Bar.

1883. INTENSITY IN PER 3¢0 GEOG. 300 MILES ApART
ItaLy. MiLEs. -+ %00,
Jan. 1 1.48 ol /T 63—70
Jan. 2 27 6 ... 63—69
Jan. 3 2,47 e, 6 ~64—70
Jan. 5 1.84 eeiiiinnn. 4 . 64—68
Jan. 6 ...l 2.20 . 4 e 64—068
Jan. 7 1.80 evivinin, 4 oo 63—67
Jan. 10 ...l 53 eeiieeenes ) ST 64—63
Jan. 12 350 ceriniiinns 7 e 48—55
Jan. 13 3.03 eeirinenins 6 e 44—30
Jan. 19 375 ceeeeiinnn [+ JERSOUPTRRIN 61—70
Jan. 20 ...l 2.70 i £ RN 54—64
Jan. 30 75 eiieeiins TR 63—606
Feb. 3 ............ 2.80 ..iiiiins [« JETIT 54—63
Feb. 7 ............ LI3 veiinnnnnnn 4 vrienennn 60—64
Feb. 15 ...cooce.. 43 i OOFT ..ovvennnee 67—68
Feb. 16 ............ 57 e 2 e 67—69
Feb. 23 ............ 098 R, 65—68
Feb. 24 ............ 82 3 e 69—72
Feb. 27 ............ T3 e 3 e 65—068
March 2 ......... 88 s SO 59—60
March 3 ......... /5 SR | N 62—63
March 6 ......... 437 ceiiiiianns 8 53—61
March 7 ......... 404 viiiiinnnnn 8 54—62
March 14 ......... 314 i 8 58—66
March 16 ......... 57 eeieieinins ) SO 72—73
March 17 ......... B (o RO 72—72
March 20 ......... 114 coveeinneen . 51—55
March 22 ......... 1.09 s 4 s 54—58
March 29 ......... 82 (o R 59—59

March 30 ......... B 3.5 ceiieeeenins 56—58.5
March 31 ......... .96 e 2 s 61—63
April 2 ... 7 RO | S 58—59

The above series of days have been chosen as being days on
which there have either been very many tremors or very few.
From an inspection of the table it will be seen that a low baro-
meter, as far example on March 2gth, is not necessarily ac-
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companied with unusual tremors and that tremors only occur
when the barometrical gradient is steep.

A steep barometrical gradient is usually accompanied by
wind, but unfortunately the means of comparing the microseis-
mical disturbances with the state of the wind have not been
given. While here suggesting that some of the microseismical
disturbances recorded in the ZBullettino del Vulcanismo Ita-
liano may be due to the action of the wind producing a
general disturbance on the surface of the earth, I fully re-
cognize that there are particular phenomena connected with
microseismical disturbance which are difficult to reconcile with
such an explanation.

One remarkable instance where tremors have accompanied
earthquakes was on the 26th February.

III.—~TREMOR MEASURERS.

Among the first instruments I employed were microphones,
in conjunction with telephones and delicately-suspended short-
period light pendulums. From time to time the telephones
emitted strange sounds. As to what was the cause of these
noises I am unable to say. Unless you kept your ear continu-
ally at the telephone there did not appear to be any method of
obtaining a satisfactory record, so that, after much labour, these
instruments were eventually discarded. For very similar rea-
sons the small pendulums, which were often in a state of tremor,
were also discarded.

The next class of instrument which I employed was similar
to an apparatus suggested by Sir William Thomson, and used
by George and Horace Darwin in the Cavendish Laboratory
when experimenting on the lunar disturbance of gravity. Any
one who has read Mr.*Darwin’s account of these experiments
will recognise the unusually great care which is required by any
one who undertakes to make observations with such instru-
ments. As I was without either assistants or a laboratory, and
as my instruments were of the roughest description, my at-

'
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tempts at making satisfactory observations altogether failed. I
certainly saw that the spots of light were continually shifting in
position, but whether this was due to a tip of the soil or simply
to contractions and expansions in portions of my instrument,
I was unable to determine.

After much trouble and considerable expense, I very reluct-
antly gave up the pendulums and mirrors, and sought for
apparatus of a still simpler kind. Having accidentally read an
account of Plantamour’s observations with Jevels, the simplicity
of the apparatus induced me to borrow a pair of astronomical
levels from the Imperial Observatory and follow his example.
For a long time these levels were installed beneath cases on a
column kindly lent to me by the Professor of Natural Philosophy
in the Imperial College of Engineering. Here they remained
for over a year, after which they made many journeys. Atone
time they were nearly 13,000 feet above sea-level on the top of the

-conical Fujisan. At another time they were some hundreds
of feet below sea-level at the bottom of the Takashima Mine.
These observations attracted the attenticn of the authorities at
the Imperial Observatory, who, recognising the bearing they
might have upon work which was going on in the Observatory,
supplemented my observations with a second set of levels.
All the usual precautions were taken to guard against the effects
of temperature, and observations were carried out every three
hours, both day and night, for more than a year. As the books of
records accumulated, and the curves grew until some of them
were 30 to 40 feet in length, experience showed that the errors
<hiefly due to changes in temperature might be equal to and
even exceed the effects which were being sought. Now, I am
inclined to an opinion communicated to me in a letter from
M. d’Abbadie, who remarked that two levels upon the same
column might be parallel, and yet their bubbles might move in
opposite directions. Notwithstanding this, the observations of
levels have led to some interesting results.

First, there is the fact that level bubbles may wander without
there necessarily being a change of level. Second, that level
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bubbles continue to move long after the sensible motion of an
earthquake has ceased, thus giving us a means of observing the
movements of long periods which usually bring the phenome-
non of an earthquake to a close. After the earthquake the
bubble will sometimes take up a position slightly different to
that which it had before. Changes in the position of bubbles
have been observed a short time before some of our earth-
quakes. Another result is the fact that the greatest irregula-
rities in the curves showing the position of the bubbles of a level
occur when earthquakes are most numerous. This is during
the winter months. A last result is the fact that during a
typhoon, or when the barometer is unusually low and fluctuat-
ing, a level bubble may be distinctly seen to pulsate through a
small range, as if there were continuous changes of level
going on.

While working with the levels, another kind of instrument
which I employed was a pendulum, suspended from an iron
stand, and so arranged that its stile could be viewed in the
field of a microscope. By placing a prism beneath the end of
the stile, the image of its end could be looked at horizontally,
and the motion of the pendulum could be seen in any azimuth.
At first I employed two microscopes placed at right angles, but
by the adoption of the prism one microscope became sufficient.
With these instruments, which are similar to those employed
by Messsrs. Bertelli, M. Rossi, and other Italian observers, I
verified for myself some of the more important results which
had been noted in Europe. ;

For instance, it was seen that the pendulum was seldom at
rest. Storms of tremors would take place with a low barometer.
The pendulum did not always vibrate over the same point. It
appeared as if there had been a tip in the soil, and the stand
of the apparatus had been slightly inclined. These, together
with other results which in many respects are little more than
repetitions of results obtained by Bertelli, Rossi, and other
observers, I have already published. Without attempting to
describe other experiments which I have instituted, I will now
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give a brief description of an instrument which has been reached
gradually, and which has given me the greatest satisfaction.
From a letter received from M. d’Abbadie, whose researches
regarding the change of vertical are amongst the most important
yet instituted, I learn that my instrument has many points in
common with one employed by M. Bouquet de la Grye. When
I first set up this instrument, it was simply as a contrivance
intended to make electrical contact, and set certain machines
in action at the time of an earthquake. I next employed it as
an instrument to record the occurrence of slight earthquakes.
In its third form it was used to indicate earth-tremors and devia-
tions in the vertical. It will be readily understood from the
accompanying sketches, Figs. 1 and 2: aa is a circular disk of
cast iron about § inches in thickness, resting on levelling screws.
Bolted to this is a tripod of angle iron about 5 feet high, B.
This forms the support for a pendulum, c. The bob of this
pendulum weighs about 7 1bs. Itis made of a brass tube (3m.
diameter and 2} m. long) filled with lead. This is carried by
a fine iron wire 3 feet 3% inches long, soldered into a small hole
in a plate at the top of the tripod. A spike, ¢, projects from
the base of the bob (see Fig. 3). As the bob with its spike
tvere turned in a lathe, the end of the spike, the point of support,
and the centre of figure of the bob are fairly in a straight line.
A long, light pointer, b, made of a strip of bamboo which
has been varnished, is kept in contact with the base of the
pointer, as shown in Fig. 3. At the top of the pointer there is
a light brass ring, ¢; at the top of this there are two fine needle-
points, @ and 4. The point a is kept in contact with the base
of the pendulum by turning the screw T, which raises the flat
springs on which & rests. T is carried by a strong stand, E,
which rests at three points on a; 7 £ is a disk of lead which
is nearly equal in weight to that of the pointer below 2.

In one instrument @ 4 is 6 mm., while the total length of b is
415 mm. With these dimensions we may suppose that if the
base pendulum moved, say, 1 mm., then the lower end of the
pointer would move about 70 mm. The values to be given to
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the defections observed in the pointer have also been estimated
by giving a slight turn to one of the levelling screws of the base
plate, and thus tipping the plate through a known angle.
Records were at first made by reading a scale of millimetres.
placed beneath the end of the pointer. Experience showed
this method to be inconvenient and without satisfaction. What
occurred between the hours of observation was unknown, whilst
the records which were made were liable to greater or less
errors due to the observer. This led me to seek for some
method which would render the observations automatic. To
attach a hair to the end of the pointer and let it be dragged
across the surface of a smoked glass created too great friction.
The necessary appliances for photographic registration were
too costly, and too troublesome to be employed as I was situated
in Japan. A very near approximation to frictionless registration
was obtained by sending a current down the pointer, the
end of which trailed on the surface of a thick film of iodised
starch covering a strip of paper. The strip of paper, which
was on a jnetal tray, moved slowly by clockwork beneath the
lower end of the pointer. On taking out the paper I found that
the film of starch, with its blue line could be dried down to form
a brown line on the paper. The process was troublesome an&
the line subject to distortion by the flow of the starch. The next
idea was to discharge a spark from the end of the pointer and
perforate a band of paper moving beneath the end of the pointer
at the distance of about 1 mm. This feature in the apparatus,
M. d’Abbadie writes me, is an essential feature in the apparatus
of M. Bouquet de la Grye. To avoid losing a record, should
the pointer move parallel to the length of the paper, two bands
of paper, gg, moving at right angles (by means of the clock, ),
are employed (Fig.2). Oneband passes beneath the other over
the surface of a brass plate, 2. The paper used is the ordinary
paper employed in a Morse telegraph instrument. By allowing
the hand of a clock to pass every five minutes across a wire
the current from two of Thomson’s tray-cells is sent through an
induction coil which yields the sparks to perforate the paper.
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Every hour the hand of the clock makes a long contact bir
passing across a small strip of platinum. In this way a large
hole is made in the moving bands of paper and the hours are
recorded. .

To secure myself against error, the same secondary current
which perforates the paper of one machine is carried by wires
to perforate the paper of a second instrument of slightly differ-
-ent construction placed on a stone column in a distant room.

=l
T

Fie. 3.
The only work required is to wind the clock which pulls the

paper and the clock which makes the contacts. This being
done, records are automatically made every five minutes.

The character of the records are as follows :-—

1. Sometimes for days the pointers remain stationary, as is
indicated by the sparks being regular and in a straight line
(see Fig. 4).

2. Sometimes the pointers are in a state of tremor, and the
sparks perforate the paper at many points, giving a line of
several millimetres in breadth (see Fig. 5). These tremors
‘may continue for ten or twelve hours. From the diagram, the
duration of these tremors and the range of motion can be ac-
curately measured. The instruments in both rooms agree as
10 the occurrence of tremors and periods of rest.
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3. Sometimes the pointer will slowly wander from the straight_
line, and then slowly return. This usually takes place two or
three times in succession. It would seem as if the ground had
been slowly tipped through one or two seconds of arc, the
period of each tip being from fifteen to sixty minutes (Fig. 6).

In regard to the occurrence of the tips, the instruments in
the two rooms only occasionally coincide.

As to whether they are really to be regarded as true disturb-"
ances of level, or simply as movements due to local causes, I
shall be better able to speak after a more careful examination.
of the records. ,

4. Sometimes I find the bands of paper perforated over their
whole breadth by sparks in all directions. This indicates that
an earthquake has occurred and the pointer has been swinging.
(see Fig. 5, about g.15 p.m.). All these figures have been.
produced by pricking through from the original diagrams.

I A R T U S

February 25th, 2-4 am. (No movement)
Fie. 4.

March 28th, 1885, 6 & 7 p.m. (An earth tip ?)
F16. 6.

March 16th, 1885, 8-10 p.M. (Tremors & Earthquake)
Fie. 5.

The clocks which I have used are made from small Ameri-
can spring clocks, costing in Japan about 12s. each. The total
cost of the portion of the apparatus figured, including the case,
M, the doors of which and the parts which come in contact
with the column are edged with flannel, is about 25 yen, or
44 10s. In Europe an instrument of better construction would

cost more. One of the columns on which an instrument is.
' B
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placed measures 6 feet X 3 feet and 5 feet high. It is con-
structed of brick and rests on concrete. The other column,
which also rests on concrete, is made of stone. It measures 2
feet 2 inches X 2 feet 2 inches and is also 5 feet in height.

This latter column is rather too slight, as I find that even
the pressure of my thumb upon it is sufficient to cause the
pointer of the instrument to move several millimetres.

Amongst those who may possibly have a practical interest
in this matter are those who have to deal with mines—es-
pecially, perhaps, coal mines.

In the columns of the Yapan Gaszette, in Nature, in the
Mining Fournal, and other papers, references have been made
to the attempt to observe earth-tremors and other phenomena in
the Takashima Colliery near Nagasaki. At the conclusion of a
report to the British Association, 1884, on the earthquakes of
Japan, aletter from Mr. John Stoddart, the chief engineer of that
mine, tells us that, owing to-the working of the mine and other
causes, he finds it impossible to make observations with delicate
instruments. He therefore proposes to move the instruments
to some distant station, assuming that any natural cause which
would cause tremors in the mine will be generally felt over a
considerable area. As to whether there is a connection between
earth-tremors and the escape of gas in collieries, we do not yet
know. Mr. Walter Browne, in a paper to the North of England
Institute of Mining and Mechanical Engineers, thinks it
desirable that investigations on this subject ought to be made,
and quotes what is being done at Takashima. Mr. Galloway,
writing in Nature of February s, if I read him correctly, does
not encourage Mr. Browne’s suggestions, and enters into an
argument about the possibility of an earth-tremor forming a
fissure. Earthqudkes often form fissures on the surface, but their
effects in mines are usually nothing. I make this statement
on the authority of personal inquiry in many mining districts.

With the exception of the disturbances near an epicentrum,
the movements due to ordinary earthquakes are so superficial
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that the range of motion at the depth of 10 feet is sometimes
only one-fortieth of what it is at the surface. Earth-tremors
are phenomena usually lasting many hours, ,and they certainly
occur with low barometers. That they could by any possibility
form fissures it is difficult to imagine.

IV.—CBSERVATIONS WITH AN AUTOMATIC TRO-
MOMETER.

These observations, with a few omissions, extend from
January 13th, 1885, to May 14th, 1886.

The north and south component was recorded on the
band of paper running east and west; the east and west
component being recorded on the paper running north and
south.

By a record being ““wavy” it is meant that the line of dots
followed each other in regular succession so far as time is con-
cerned, but that alternate dots now and then deviated from .5
to 1 mn. to the right or left of the central line. A wave in-
dicated in the form of a fraction, as 3%‘0 means that the wave
as shown in the record had an amplitude of 3 mm. while its
period was from 30to 40 minutes. Trems. or smalt trems.
mean that there were tremors forming a band of from .5 to
1 mm. broad.

The earthquakes are those recorded at the Imperial Ob-
servatory about z miles distant. ¢ and 4 respectively mean
am. and p.m. The intensity of many of the earthquakes is
recorded in degrees and minutes.

From June these intensities are recorded in absolute mea-
sures—thus % means that the amplitude or half semi-oscilla-
tion of the largest wave was 1.6 mm. and its period 2.7 sec.

The barometric readings are the mean readings in milli-
meters for 24 hours.

The column relating to wind gives the velocity in kilometers
for 24 hours. As an approximation to the popular terms used
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in expressing the force of wind, Mr. E. Knipping tells me that
I may consider— )
A light breeze as anything up to 200 kilometers per 24 hours.
A moderate to strong breeze from 200 to 400 kilometers per 24
hours.
Gales and heavy gales from 400 kilometers per 24 hours and
upwards.
For the meteorological data published in the tables I am in-
debted to the director of the Meteorological Observatory in
Tokio.

For 1886 the state of the wind at Tokio together with the
barometric gradient are given for each day in the form of three
fractions. These three fractions respectively refer to observa-
tions made at 6 a.m., 2 p.m., and 9 p.m. The numerator of a
fraction indicates the intensity of the wind as expressed in the
tri-daily weather maps issued by the Meteorological Depart-
ment ; the denominator indicates in millimeters per 120 geo-
graphical miles the barometric gradient as directly measured
from the same maps. The meanings of the wind intensities
are as follows :—

15—29 meters per second.

5 = heavy gale
29—104 or more meters per second.

6 = hurricane

o = calm = 0—1.5 meters per second.
r= light = 1.5—3.5 meters per second.
2 = moderate = 3.5—6 meters per second.

3 = strong = 6—10 meters per second.
4=gale = 10—15 meters per second.

These intensities are also used in the records for. 1885, W
means that there was wind of greater intensity than 2z blowing
at several stations in Central Japan. WT3 or WT4 means
that there was a Jocel wind at Tokio of 3 or 4; at other places
it being practically calm. (See Maps referring to records
from March 15th to March 19th.)
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(a.) GENERAL BAROMETRIC ANALYSIS.

The following table gives the actual number of times that
tremors have been observed with the barometer standing above
the monthly mean and when it was below that mean :—

Hica BAROMETER., Low BAROMETER.

r Bl Al
1883, TREMS. TR;Z(\)AS. TRrEMS. Tg;’{s. .}‘gf;"; Remargs,
January from - '
16th  ...... 6... 5. 8... 0..14..

February ... 6... 6. 7.. 9..13..

March ...... 6.. 10.. II.. 4 ... 17 ...

April ......... 4.. 11... 6. 9..10..

May ......... 4... 13... 5... Q... O...

June ... 4... 9 0.. 17 4 ...The Bar. was often
very low, but there
were no tremors.

July......... 1 16 3. II... 4

August ...... 2 13 4... 12... 6

September... 3... 13... 6.. 8.. 9

October ...... 5.. I2... §5.. 9..10

November... 3... 12... 8. 7 vee 11

1886. . R

January from " [month.

2oth......... I... 2 4 2 ... 5..Not a complete

February ... 3... 10 13... I..1Q.. .

March ...... 6.. 8 8... 3..14..

April ... 13 ... 2 13 ... 2..26.. [month.

May ....... 5... 8 4. 1 9 ...Not a complete

72 143 105 103
This table shows that tremors are oftener observed with a
low barometer than with a high barometer, but although the
barometer may be low it is.just as likely that there should be
no tremors as it is that tremors should be observed.

With a high barometer it is more likely that tremors should
not occur.

The column showing the number of times that tremors were
observed each month shows that these movements are more
numerous in winter than in summer. This is a result which
I have previously published, and which has been emphasized
by the Italian observers.
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(6.) GENERAL WIND ANALYSIS.

The following table shows the number of times each month
that tremors were observed or were not observed for different
intensities of the wind. The intensity of the wind is indicated
in kilometers per 24 hours. To obtain the actual number of
kilometers the numbers given at the head of each column must
be multiplied by 100. Thus 1-1.5 means that the wind velo-
city was from 100 to 150 kilometers per z4 hours. T means
tremors and NT means no tremors.

The general conclusions to be drawn from this table are :—

1. When the wind was high tremors were almost invariably
-observed.

2. When the wind velocity was small it was seldom that
tremors were observed.

There two results are perhaps more clearly indicated in the
last line, which shows the number of times that tremors were
observed as a percentage of the total numbers of observations
made for each particular wind velocity.
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(¢.) DeETAILED WIND ANALYSIS.

The following analysis refers to a period between January
20th and May 14th, 1886, or nearly four months. The wind
observations were tri-daily, and, as already mentioned, are the
-observations made at the Imperial Meteorological Obser-
vatory.

In the following table the number of times that tremors
were observed and the number of times that tremors were not
-observed are given for each degree of wind.

1886. T.NT. T.NT. T.NT, T.NT. T.NT.
Jan. 20—Feb. 28 § 4 17 20 20 22 9 4 2 .
March 2 2 5 6
April ... 2 3 5 3
May 1—14th o2 2 1
Total .......ieco... cer e e . =208

In looking at the general result of the wind analysis it is
seen that there may be times with the wind in any state when
there are either tremors or no tremors.

The percentage of cases in which tremors have been observed
at different states of the wind are as follows :—
With no wind, tremors were observed in 38 per cent. of the num-
ber of times of observation,
With the wind at 1°, tremors were observed in 53 per cent. of the
number of tunes of observation.
With the wind at 2°, tremors were observed in 53.4 per cent. of the
" number of times of observation.
With the wind at 3°, tremors were observed in 70 per cent. of the
number of times of observation.
With the wind at 4°, tremors were observed in 92z per cent. of the
number of times of observation.

From this we see that the stronger the wind the greater is
the likelihood of tremors occurring, from which we might con-
clude that many of the tremors which have been observed are
a consequence of the wind. The difficult question which here
arises is why there should be so many cases when tremors
have not been observed. And more particularly why they
should occur when there has been a calm. Answers to these
questions are apparently found when we enquire into the state
of the barometric gradient at the different states of the wind,
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when it is seen that the average barometric gradient at each
particular state of the wind when tremors have occurred has
invariably been steeper than the gradient for the same intensity
of wind when tremors have not occurred. These results are
shown in the following table. The number of cases for each
particular state of the wind which have been used when cal-
culating the average barometric gradient, are these given as
totals in the last line of the wind analysis table:—
*
Wirte  WiThout
TreMoRrs. TREMORS.
With the wind at o the average barometric gradients were... 2.3 and 1.9
With the wind at 1° the average barometric gradients were... 2.9 and 2.1 .
With the wind at 2° the average barometric gradients were... 3.0 and 2.1

With the wind at 3° the average barometric gradients were... 3.6 and 2.9
With the wind at 4° the average liarometric gradients were... 4.4 and 3.0

Although the number of abservations which were made when
the wind had an intensity of 4 are small, the above table ap-
parently shows that tremors are more intimately connected
with barometric gradients than they are with the force of a local
wind.

(4.) DETAILED BAROMETRIC ANALYSIS.

These observations led me to make a direct comparison be-
tween the occurrence of tremors and the barometric gradient
irrespective of the state of the wind. The result of such com-
parisons are given in the following table. In the upper line
the gradient is indicated in millimeters per 120 geographical
miles. Beneath each gradient the number of hours that
tremors were observed are given in a column marked T and
the number of hours that tremors were not observed are given
in the column marked N.T.

When the gradiént was zero it is seen that tremors were ob-
served but seldom, while when the gradient was high tremors
were always observed. '

BAR. GRADIENT IN o I 2 3 4 5 6 b 8 9
MILLIMETERS PER 7N/ SNAmSams/mrms mmsrmms Aoamsemsrms 7mNemS S ams mSomS ~

20 MILES. T NT.T.NT.T. NT, T. NT. T. NT. T. NT. T. NT. T. NT. T. NT. T.NT.
Jan. 20—Feb. 28.. o § % yirz23101212 2 9 § 1
March.... I 110 21511 611 3 o 2 2 2

1
°

April . o 0o 4 811131815 6 12
May....... I 27 455 6 21

Total ............ 2 828 21 4252404022 320 8 3
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A clearer idea of the meaning of this table is obtained when
we consider the percentages of cases in which tremors were
observed for observations made with each particular gradient.

These percentages run as follow :—

With a gradient of zero tremors were observed in 20 per cent. of
the observations.

With a gradient of 1mm. tremors were observed in 57 per cent. of
the observations.

With a gradient of 2mm. tremors were observed in 44 per cent. of
the observations.

With a gradient of 3mm. tremors were observed in 50 per cent. of
the observations.

With a gradient of 4gmm. tremors were observed in 88 per cent. of
the observations.

With a gradient of smm. tremors were observed in 71 per cent. of
the observations.

With a gradient of 6mm. tremors were observed in 100 per cent.
of the observations.

With a gradient of 7mm. tremors were observed in 100 per cent.
of the observations.

With a gradient of gmm. tremors were observed in 100 per cent.
of the observations.

Although the last three results may on account of the few-
ness of the observations on which they are founded be
left out, the general result towards which the table indicates, is
that tremors are proportionately more frequent with a high
‘barometric gradient than with a low gradient. From this
alone it might be argued that tremors were probably the result
of wind, which usually accompanies a high gradient. It has,
however, been shown for all intensities of wind that the
average gradient when tremors occurred was always greater
than when they were absent.

(¢.) THE PRESENCE OF TREMORS AND ABSENCE oF WIND.

By referring back to page 50 it will be seen that during four
months tremors were observed in Tokio ten times when there
was practically a calm and fifty-three times when there was a
light breeze indicated as unity. With the wind in these same
conditions it has also been shown that the barometric gradient
was relatively high. This has led me to enquire whether there
might not have been a strong wind blowing somewhere near
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Tokio, although in Tokio itself wind was practically absent.
The excellent tri-daily charts published under the superintend-
ance of Mr. E. Knipping have enabled me to make such
investigations, and with the following result :—

The following notes describe the state of the weather, par-
ticularly the wind, at places from 50 to 200 miles distant from
Tokio while in Tokio itself there was a calm or only a gentle
breeze but at the same time earth tremors.

1. Witd THE WIND 1N ToxI1o AT zERo.

1. February 6th and 7th.—In Tokio tremors from midnight
to midnight, being particularly sfrong at 4 a.m. on the 7th.

In Tokio the wind at 6a.=o0, 2p.=3, gp.=0 and at 6a. on
the 7th=0. On the 6th on Shikoku 26om. to S.W. wind
=4 and on the 7th at 6a., a strong S.W. wind 100 to the
S.W. and generally a strong S.W. wind blowing up Japan.

2. February roth.—In Tokio tremors slight.

In Tokio wind at 6a.=o0, 2p.=2, gp.=o0.

On the previous night, when in Tokio the wind was 1, there
was a strong S.W. wind at Kobe blowing up Japan.

At 2p. strong S.W. wind of 3° blowing up Japan.

At gp. strong S.W. wind of 3° blowing up Japan 60 miles
to S.W. of Tokio. '

3. February 11th.—In Tokio tremors slight.

Wind in Tokio at 6a.=2, zp.=2, gp.=o.

At zp. 120m. to S.W. wind of 4 blowing up Japan, at 60
miles to 5.W. wind=3 also blowing up Japan, and at gp.
the same.

4. February 25th.—In Tokio tremors sight.

Wind in Tokio 6a.=2, 2p.=0, gp.=o0.

In central Japan there was a calm from 2 to gp.

5. March 16th.—In Tokio slight tremors.

Wind in Tokio 6a.=1, 2p.=1, 2p.=0.

At 2p., 60 miles S.E., wind=3 and 1zom. North S.E. wind
'—_—:3.

At gp. very light winds in central Japan.
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6. March 3oth.—In Tokio slight tremors about 5p.

In Tokio wind 6a.=o, 2p.=2, gp.=1.

At this time the wind in central Japan was very slight.
7. April 3rd.—In Tokio slight tremors.

In Tokio wind 6a.==0, 2p.=2, gp.=2.

At this time the wind in central Japan was slight.

8. April gth.—In Tokio tremors 1 mm.

Wind in Tokio 6a.=1, 2p.=3, 9p.=oO.

At 120 m. to S.W. the wind at 6 a.=4 and at 2 p.=—=4, but
at night there was a general calm. On April 8th, how-
ever, there was a strong wind 12om. to the N.W.

9. May 3rd.—In Tokio wavy line all day.

Wind in Tokio 6a.=3, zp.=o0, gp.=2.

At 6a. and 2p. 60 to rzom. to S.W. wind==3.

From the above we see that in cases 1, 2, 3,5, 8,and ¢
there were strong winds blowing against the ranges of moun-
tains which shelter the Tokio plain on its western and northern
sides. The question then arises whether these mountains by
being shaken cause tremors to be propagated, either in the
surface or beneath the surface to Tokio.

In cases 4, 6, and 7 there does not appear to have been any
wind either in Tokio or Japan which could have produced
tremors. The tremors on such occasions in Tokio were, how-
ever, very slight.

2. WITH THE WIND IN Toon AT 1.

1. January 21st.—In Tokio tremors slight at IOp
Wind in Tokio 6a.=1, 2p.=3, gp.=1. ‘
At 6a. 12om. to N. and N.W. wind=4.
2p. bom. to 120m. to S.W, wind=4 and 5.
9p. 60 to 12om. to N. and W. wind=4.

2. January 23rd.—In Tokio slight tremors at 10a.
Wind in Tokio 6a.==2, zp.=1, gp.=1.

At 6a. rzom. to S.W. wind=2.
2p. 120m. to S.W. wind=3.
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3. January 31st.—In Tokio slight tremors all day.
Wind in Tokio 6a.=2, 2p.=2, gp.=1.
All day wind of 3—¢ to the S.W.
4. February 1st.—Slight tremors.
Wind in Tokio 6a.=z, zp.=1, gp.=1.
All day wind to S.W. and N.W. 4—s5.
5. February 7th.—Tremors particularly strong at 4a.
Wind in Tokio 6a.=o, 2p.=1, 9gp.=1.
All day to North and Westward a gale of 3—4.
6. February 8th.—Slight tremors.
Wind in Tokio 6a.=3, zp.=1, gp.—2.
All day to South and West a gale of 4.
7. February gth.—Slight tremors especially at 4p.
Wind in Tokio 6a.=3, 2p.=1; gp.=1.
All day a gale to South and West.
8. February 12th.—Slight tremors.
Wind in Tokio 6a.=z2, 2p.=3, gp.=1.
6a. gale to S.W. zp. gale to S.W.
9p. gale to N.W,
9. February 13th.—Slight tremors.
Wind in Tokio 6a.=1, 2p.=3, ¢gp.=1.
6a. gale to West and S.W.
10. February 14th.—Slight tremors.
Wind in Tokio 6a.=1, zp.=2, gp.=2.
To the westward wind=3.
11. Feb. 22nd.—Slight tremors.
Wind in Tokio 6a.=1, 2p.=1, gp.=1.
At 6a. a calm in central Japan, but at zp. and gp. to the W..
and S.W.a gale.
12. Feb. 26th.—Tremors moderately strong at 3a.
Wind in Tokio 6a.=1, 2p.=2, gp.=2.
At 6a. calm generally in Japan, at zp. and gp. to S.W. wind
=3.
From the above we see that during February, with every case,
excepling perhaps the last, although there have been tremors
in Tokio when it was practically calm, within 50 to 150 miles.



50 EARTH TREMORS IN CENTRAL JAPAN.

-of Tokio there has been a strong gale. The direction of this
wind has usually been from the S.W. up towards Tokio.

13. March 2nd.—Exceedingly small tremors.
Wind in Tokio 6a.=1, 2p.=2, gp.=z2.
6a. calm in central Japan, zp. and gp. West coast=4.

14. March 6th.—Slight tremors.
Wind in Tokio 6a.=2, 2p.=2, gp.=1I.
At 6a. and 2p. on West coast 3 and 4 but at gp. calm.

15. March 16th.—Slight tremors.
Wind in Tokio 6a.==1, 2p.=1, gp.=0.
6a. to North 3 and at 2p. to North and West 3.

16. March 22nd.—Slight tremors.
Wind in Tokio 6a.=2, 2p.—2, gp.=1.
At 6a. to S.W. 3, at zp. and gp. Central Japan 1 and 2.

17. March 25th.—Slight tremors.
Wind in Tokio 6a.=1, 2p.—=1, gp.—1.
6a. and 2p. to S.W. 3 and at gp. calm in Central Japan.
On the previous day in Tokio and in Central Japan there
had been a heavy gale.
These tremors may therefore have been due to the wind on
the day previous.

18. March 27th.—Slight tremors from za. to 8p. Max. at 8a.

Wind in Tokio 6a.==1, 2p.=4, gp.=2. At 6a. to S.W,
from 60 to 120 miles a wind 3. This was a gale which
from the day previous had been working up Japan. As
this wind is not recorded in Tokio until zp. on the 27th,
it would appear that the tremors out-raced the wind by 10
hours. The tremors in Tokio died out at about the same
time that the wind died. 7

19. March 29th.—Slight tremors.
Wind in Tokio 6a.==2, zp.=2, gp.=1.
6a. calm in Central Japan. 2zp. heavy gale to West and
South-west, gp. calm,
20. March joth.—Slight tremors at sp.
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Wind in Tokio, 6a.=0, 2p,=3, 9p.=1I.
6a. to North 3, otherwise calm, 2p.to North and N.W. 3
and 4, at gp. generally calm.

21. March 31st.—Slight tremors.

Wind in Tokio 6a.=1, 2p.=3, 9p.=1.

6a. generally calm, zp. wind strongest in Tokio.

9p. generally calm.

During this month there are only three cases (Nos. 16, 20,
and 21) where tremors do not appear to be related to a dis-
tant wind.

22, April 2nd.—Slight tremors.
Wind in Tokio 6a.=z2, 2p.=3, gp.=I, at 2p. to North and
South 3 and 4. ¢p. to North 4.

23. April 6th.—From 10a. to 3p. tremors zmm.
Wind in Tokio 6a=1, 2p=3, gp=2.
At 6a,to SW. 4 and to N. 5; 2p to SSW. 4 and N. 4.
On the sth the wind in Tokio had been strong.
24. April 8th.—slight tremors.
Wind in Tokio 6a==1, 2p=2, gp=1.
6a. in Central Japan wind 1 and 2, gp. to W. 3 and to N. 3.
25. April gth.—Tremors rmm.
Wind in Tokio 6a=1, 2p=3, gp=o0.
6a. to S.W. 4 to N. 3.
26. April 10th.—Slight tremors.
Wind in Tokio, 6a=1, 2p=1, 9p=3.
6a. wind generally 1.
27, April 12th.—1p.-5p. slight tremors.
Wind in Tokio 6a=1, 2p=1, gp=2.
6a. generally 1 or 2, 2p. to W. 3.
28. April 14th.—2-10p. slight tremors.
Wind in Tokio 6a=2, 2p=2, gp==I.
2p. to W. 3, gp. generally 1 and 2.
29. April 15th.—At 10a slight tremors.
- Wind in Tokio 6a=1, 2p=1, gp=I.
6a. generally 1 and 2, 2p. generally 1, 2 and 3.
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30. April 20th.—10p. to midnight tremors 2 mm.

Wind in Tokio 6a=1, 2p=3, gp==1.

2p. to W. 3, gp. generally 1 and 2.

31. April 26th.—At 8a. tremors 3 mm.

Wind in Tokio 6a.=3, 2p.=3, 9p.=1I.

Up to zp. wind generally 3 and 4, gp. generally 1 and 2.
32. April zgth.—From 2-7p. slight tremors.

Wind in Tokio 6a=2, 2p.=3, gp =1

At gp. to W. and N. 3.

33. May 2nd.—8 to g p. slight tremors.
Wind in Tokio 6 a.=z2, 2 p.=2, g p.=1. v
gp.to W. and N. 4. The wind was from the west and
next morning reached Tokio.

34. May 4th.—Slightly wavy.
Wind in Tokio, 6 a.=2, 2 p.=2, 9 p.=1.
6 a. and 9 p. generally 1 and 2.

35. May 6th.—From 2-4 p. tremors. 3mm.
Wind in Tokio 6 a.=1, 2 p.=1, g p.=1.
Atz p.and g p. to NNW. 3.

36. May 7th.—From 2 a.-4 p. tremors.

Wind in Tokio 6 a. =3, 2 p.=1, g p.==1.

At 2 p.to W. 3 and at g p. to W. 4.

In the above epitome for the months of April and May it
appears that there are not more than three or four cases in
which tremors have been recorded in Tokio which are not ex-
plicable on the assumption that they may not have resulted
from the effects of wind.

The general conclusions which I arrive at are, first, that there
were 45 days on which tremors were observed in Tokio, when
there was an extremely light breeze or a calm. Second, that’
on 10 of these days there appears to have been a calm in
Central Japan, and, therefore, assuming the observations to be
correct, the tremors which were observed cannot be explained
as being a result of wind. Third, on 35 days, although it was
calm in Tokio there was a strong wind blowing within 50 or
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150 miles of Tokio. When the wind was blowing up Japan.
from the S.W. the tremors were very marked. '

If instead of analysing the wind analysis, the table of baro-
“metric gradients are taken where tremors have occurred, where
the gradient has been 1 or zero it will be found that nearly all
these cases are contained in the above list and they form the:
exceptional cases, that is those where the existence of tremors
cannot be explained on the assumption of a high gradient or-
the wind.

I have also examined the cases where there were no tremors.
in Tokio and no wind.

The dates and times of these cases are as follows :—

February 6th, 6a.—z0, 9p.—24, 9p.—27, 9p.

March z1st, gp.—26, 6a.

April 4th, 6a.—13, 9p.—18, 6a.—23, 6a.

May 10th, 6a.—12, 6a.

In all these instances there was general calm in Central
Japan. A partial exception was on February 27th, at gp.
when 60 miles to the S.W. of Tokio, there was a light wind
blowing towards the West, against a wind of 3 blowing 120
miles to S.W. towards the East.

Farther, I have examined the cases where there were no-
tremors in Tokio and only a gentle breeze of force 1.

The dates and times of these cases are as follows :—

January 25th, gp.

February 3rd, 9p.—4, 6a.—s, 6a. and gp.—9, 6a.—15, 2p..
and gp.—16, 2p. and 9p.—17, 6a.—18, gp.—19, 6a. and:
2p.—27, 2p.

March 1st, gp.—3, 6a.—12, 6a. and 9p.—15, 9p.—17, 6a.—
21, 6a. and zp.—26, 2 and gp.—238, 6a.

April 1st, 6a and 9p.—7, 6a.—13, 6a.—17, 9p.—18, 9p.—
19, 2 and 9p.—z0, 6a.—21, 6a.—z22, 6a.—24, 6a.—27,
6a., zp. and gp.

May sth, 9p.—6, 6a.—9g, 6a.—10, 9p.
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Out of these 44 cases I find that in 22 of them there was a
general calm in Central Japan, while in the 22 which remain
there was a breeze of force 2 in one or fwo places only and
this often blowing in contrary directions.

The general conclusion is that the absence of tremors in
‘Tokio indicates a general calm in Central Japan. Later on it
will be shown that tremors are sometimes absent in Tokio if
-the wind blows inland from the ocean.

(/). ABsence or TREMORS WITH WIND.

From page 50 it will be seen that there have been sixteen
cases in Tokio when there was a wind of strength 3, and one
case with the wind at 4, when there were no tremors recorded.
To find an explanation for these conditions I have drawn up
the following table, indicating the state of wind in Central
Japan on the dates when these observations were made :—

January 21st.—Machine started but stopped.

January 22nd.—Machine stopped.

February 6th.—At 6a. calm, at 2p. at Tokio wind from S. but
otherwise calm in Central Japan, at gp. calm.

February gth.—At 6a. wind in Tokio not 3 but 1, but wind
coming up from S.W. :

February 15th.—In Tokio 3 from N.W. butin Central Japan
calm. ’

February 2oth.—In Tokio 3 from N. but in Central Japan
calm.

February 28th.—In Tokio 3 from S. but in Central Japan 2
and 3 in various directions. In this case it would appear
that there ought to have been tremors in Tokio.

March 1st.—In Tokio wind 3 from S. but in central Japan
calm, except Niigata where a wind 3 blows to E.

March 3rd.—In Tokio at zp. wind 3 from N.W. but on the N.
and N.W. sides of the island it was calm, therefore the
wind was local, at gp. the same.

March 17th.—In Tokio at 2p. wind from S.E., at Niigata a
parallel wind, otherwise calm.
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March 28th.—In Tokio 2p. wind from S.E. but to the West
and North there is a westerly wind of 3 and 4. This
ought to have produced tremors.

April 7th.—In Tokio 2p. wind 3 from S. In other parts of
Central Japan 1 and 2.

April 23rd.—In Tokio zp. wind 3 from N.W., otherwise calm.

April 24th.—In Tokio at 2p. wind of 4 from south ; a wind of 2
and 3 also from the ocean to the southward. In the.
north calm.

At gp. in Tokio, and 5o miles south; from S.W. In other
places it is blowing to North-West. In this latter case we
might have tremors.

May sth.—In Tokio, and 50 milesto S.W., wind of 3 from the
S. and S.W. otherwise calm.

May 12th.—In Tokio and 50 miles to S.W. wind 3 from S.E.
and S. otherwise calm,

From an analysis of the above notes it appears that in two
of the cases when there was a strong wind in Tokio and no
tremors were observed, the recording instrument was not in
action. In three instances (February 2z8th, March 28th, and
April 24th) it seems that if tremors are the result of wind
tremors ought to have been recorded. In three other cases
(February 15th, March 3rd, and April 23rd) the wind in Tokio
was local. In the remaining cases the wind was from the
ocean (S.E.,S.,or S.S.W.) These latter cases are the majority.

We might therefore conclude that local winds or winds from
the ocean do not produce tremors in Tokio.

However we must not overlook the fact that in six out of
the 12 cases where tremors occurred with a wind 4, the con-
ditions were in many respects similar to the case (April 24th)
when tremors did not occur. Perhaps there may be an error
in the records for this particular day. '

(g). Axarysis oF A FEW SELECTED STORMS.

In the accompanying five diagrams five microseismical storms
are graphically illustrated in conjunction with barometrical
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-changes and the fluctuations of the wind. The horizontal
scale is that of mm. measured in hours. The curve showing
tremors is marked T. and the intensity of the tremors is
measured vertically, each line representing one millimeter.
"These millimeters are actual distances measured from the
breadth of the band of perforations on the strip of paper on
which the records were made. The curve marked W. shows
the varying intensity of the wind measured in miles per hour?
"The curve B. shows the fluctuations of the barometer in
millimeters.

1. April 1oth.—The tremors were gentle for 15 hours, three
hours after which they reached a maximum and in 12
hour more died away. During this time the barometer
was rapidly falling. For the first 18 hours the wind curve
follows that of the tremors, but the wind still continued
high after the tremors had commenced to decrease. The
wind when at its maximum was from the south. At g p.,
however, it was from the S.E. and low to the N.W.

-2, April zoth.—Here we have a well marked storm lasting 3
hours, 1op. on April zoth to 1a. on April zrst. The
barometer was risitig and the wind was falling.

The barometer was low to the S. and high in the north.
From the weather maps it does not appear to have been
any wind which could cause these tremors.

The barometrical conditions, it will be observed, are the
reverse of case 1. '

_3. April 25th and 26th.—The tremors began gently, took 12
hours to reach a maximum, which they retained for 6
hours and died away in 4 or 5 hours.

When the tremors were at a maximum the barometer was
rising and the wind falling.

At gp. on the 25th the wind was 3 from the south.

At 6a. on the 26th the wind was 3 from the north.

_At 2p. on the 26th the wind was 3 from the south-east and
strong winds to the S.W.
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4. April 30th.—The wind and tremor curves agree fairly well
and the barometeris falling. Strong winds from the N. W,
and N. Central Japan generally windy.

5. May 6th and 7th.—The wind and tremor curves agree fairly
well. At the maximum points on the tremor curves there
are slight fallsin the wind. During the storm the baro-
meter rose and fell.

On the 7th the wind in Central Japan was tolerably strong.

The point of greatest interest connected with the above
analysis is that they show the time over which microseismical
storm may extend, which may be anything between 3 hoursand
30 hours.

Sometimes they occur with a falling barometer and some-
times with a rising barometer.

Sometimes they agree with the wind and sometimes they
have an existence when the wind is absent.

Disturbances like that of April zoth only appear to find an ex-
planation on the assumption that they are of subterranean origin.

(%2.) TrEMORS AND EARTHQUAKES.

From the fact that microseismical disturbances are more
frequent during the winter months, which is the season when
earthquakes are frequent, it might be assumed that earth-
quakes and tremors had a direct connection. From the
preceding tables, however, it appears that earthquakes have
occurred 53 times when there have been no tremors and 33
times when there have been tremors. From this we may at
least conclude that earthquakes are as likely to occur without
tremors as with them. If, however, the tremors which I have
recorded could be classified into those which are of subter-
ranean origin and those whose origin is due to surface
disturbances produced by wind, it seems likely that a connec-
tion between earthquakes and the first of these groups might
be discovered. Professor Rossi has certainly pointed out some
remarkable instances where earthquakes have been preceded by
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tremors, especially those when the movement has been vertical
or intermittent. Vertical tremors, however, have not up to the
present been investigated in Japan.

(7.) EARTH TREMORS AND THE STATE OF THE WIND IN
CENTRAL JaraN IN 1885.

I here propose to compare the occurrence of tremors which
were recorded in 1885 with the state of the wind in Central
Japan, by which I mean at places within 200 miles of
Tokio, where the tremor observations were made. The mate-
rial for making such comparisons is given in the three last
columns for the year 1885. This material was derived from
the tri-daily weather maps published by the meteorological de-
partment of this country. Through the kindness of that de-
partment, I am enabled to reproduce 15 of these maps as
illustrations of the manner in which the analyses have been
conducted. When the force of the wind in Central Japan has
never exceeded 2z, I have indicated this by zero. If at the
station there should be a wind of force 3 or 4, while at the
majority of the remaining stations the wind was at zero or
1, I have alsoindicated this as zero. If, however, the wind has
a force of 3 or upwards at several stations, this is indicated by
W. The letter W may, therefore, sometimes occur when in
Tokio there has been a calm. It is evident that there will be
a certain number of cases for which it is doubtful whether they
should be indicated by W or by O,—that is, to say whether it
was really windy in Central Japan taken as a whole, or whether
it was calm. Local winds, thatis to say, winds practically con-
fined to Tokio, are indicated by the letters W.T., W.T. 3, or
W.T. 4,—the numerals indicating the force of the wind.

Onmitting three or four days in January when the instrument
commenced to work and was a little irregular there are for
1885, 945 cases which may be examined. The results of the
examination are as follows :—

1. With no wind and no tremors there are ...... 651 cases.
2. With no wind and tremors there are ........ §5I cases.
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3. With wind and no tremors there are 60 cases.
4. With wind and tremors there are...... ... 065 cases.
5. With local wind in Tokio and no tremors

there are .o....ivivevenenii i 101 cases.
6. With local wind in "Tokio and tremors there

AT ettt e et e 17 cases.

On the assumption that tremors may in great measure be
due to wind, the second and third results are difficult to
understand. I have carefully re-examined these particular cases
with the following results :—

(a.) THE 51 CaSES oF TREMORS UNACCOMPANIED
BY WIND.

In describing these cases, for convenience I have
followed the Italians in using the two terms sedsmic and
barosersmic. By tremors which may be seismic are meant
those tremors which have occurred at times when there has
neither been wind or any marked barometrical depression, or
in other words, there has not been any obvious meteorological
agency which might have produced such tremors. The daro-
seismic tremors are those which have accompanied a marked
barometrical depression.

February (7 cases).—On the 1st and 2znd it is doubtful whe-
ther tremors occurred with the four cases of no wind.
In two other cases the tremors were slight, and in one case
there had been wind a few hours previously. As there
was no marked barometrical depression on the 8th the
tremors may be seismic.

Two cases may therefore be seismic and five doubtful.

March (6 cases).—On the 1st, gp. there was wind a few hours
previously. 2nd, 2p. a little wind and tremors slight, at
gp. seismic. 35th, gp. tremors slight and short, seismic.
27th, wind before and after. 3oth, tremors slight possibly
baroseismic. Two cases may be seismic, one baroseismic,
and three doubtful.

April (4 cases).—On the 5th, 6a. slight tremors for two hours,

probably seismic.
E
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17th, 9p. slight tremors for 1 hour, barometer low to S.W.,
therefore baroseismic.

20th, 6a. slight tremors for 3 hours, barometer low to S.W.,
therefore baroseismic.

3oth, gp. wind during previous 12 hours.

One case may be seismic, two baroseismic, and ane doubt-
ful.

May (5 cases).—On the 14th gp. well defined tremors for 3

hours and barometer high, therefore seismic.

17th, zp. wind before and after. 18th, 9p. wind during pre-
vious 12 hours and low barometer near Tokio. These tre-
mors mighteither be due to wind or baroseismic. 26th, 6a.
tremors slight and of short duration, probably seismic.

28th, 6a. and 2p. baroseismic.

Two cases may be seismic,two baroseismic, and one doubtful.

June (z cases).—On the 20th, 6a. slight tremors for 2 hours,
seismic.
3oth, gp. it is doubtful if tremors occurred that hour.
One-case seismic and one case doubtful.

July (1 case).—July 18th, gp. There was a low barometer
over Tokio, but a few hours previously there had been
wind. This case is therefore considered as being doubtful.

August (1 case).—August 3ist, gp. These tremors are not
explicable either by the state of the wind or the barome-
ter. The nature of the record confirms the idea that they
are seismic. .

September (6 cases).—On the s5th, 6a. the tremors were slight
and there was wind immediately afterwards, therefore
doubtful.

24th, gp. tremors slight for 4 hours, possibly seismic.
25th, 9p. tremors slight for 1 hour, possibly seismic.
26th, zp. tremors slight for 2 hours, possibly seismic.
27th, 6a. tremors slight for 2 hours, possibly seismic.
28th, gp. tremors slight for 3 hours, possibly seismic.
Five cases are probably seismic and one case is doubtful.
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October (11 cases).—On October 1st, at 2p. and gp. tremors.
slight, seismic. 2nd, 6a. bar. somewhat low to the S.,
therefore baroseismic or seismic. sth, seismic.  6th,
9p. trems. for 1 hour, seismic. 16th, zp. and gp. ; shortly
before these times there was a considerable barometric
depression and a high wind. The tremors may therefore
be due to wind or baroseismic. 2z4th, 6a. and 2p. baro-
seismic. 2s5th, zp. seismic. 27th, 6a. trems. for 1 hour,
seismic.

Six cases seismic, two baroseismic, three doubtful.
November (8 cases).—November 11th, 2p. slight trems. for 4

hours, seismic. 1zth, 9p.might be due to previous wind,
doubtful. 19th, 2p., zoth, 6a. and zp., zznd, gp. and
23rd, 2p. seismic. 24th, 6a. baroseismic.

Six cases seismic, one baroseismic and one doubtful.

The 51 cases where tremors (which were almost invariably
slight) were observed without wind may therefore be sub-
divided as follows:—In 26 instances the tremors, which were
slight and of short duration, may be of subterranean origin.
These are called seismic. In 8 instances the tremors have
been accompanied by marked local barometrical depressions,
while in 17 instances it is doubtful whether the tremors were or
were not the result of wind.

(6.)—Tur 60 Cases or WiND aND No TREMORS.

February (9 cases).—In four cases the instrument gave a re-
cord in the form of a wavy line which might or might not
mean tremors, in two cases the wind was general but its
force did not exceed z and 3, and in one case the wind
was only in the South.

In 7 cases it was therefore doubtful whether tremors ought
to have been recorded, while two cases are inexplicable. Was
the instrument working well on those occasions ?

March (8 cases).—On the 3rd, 2p. wind moderate and of short
duration.

March gth, 2p.—Wind moderate and of short duration.
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March 10th, 2p.—Wind moderate and of short duration.
March 13th, zp.—Wind very moderate and of short duration.
March 18th, 2p.—~Wind moderate and of short duration.
March 2oth, 2p.—Wind local and of short duration.

March 25th, 2p.—Wind moderate and of short duration.
March 3oth, zp.—Wind moderate and of short duration.

In the last case there was a barometric depression over
Tokio; and therefore there might have been baroseismic tremors.
Seven cases may be explained on -the assumption that local
winds and winds of short duration do not cause tremors. The
last case is inexplicable.

April (7 cases).—On the 8th gp. ought to have been tremors.
gth 6a. wind chiefly local. 16th gp., windlocal. z1st zp.,
2znd 2p., 28th 2zp. and gp., wind moderate and of short
duration, on the last very local.

Six cases are doubtful and one inexplicable.

May (1o cases).—On the 1st, 2p., znd zp., 3rd 2p., 4th 2p.
19th 2p,and the 2oth zp., the wihd was moderate and of short
duration. On the sth zp., 7th 2p. and 8th 2p., the wind
was local or almost local. On the 12th 2p. the wind was
local and of short duration ; on the 14th 2p. the wind was
moderate, but in contrary directions.

All these cases are doubtful as to whether there should
have been tremors or not.

June (6 cases).—On the 3rd, gp. wind moderate and local—
4th zp. wind moderate and local, gp. local. On the 16th
6a. and 27th 2p. wind moderate and of short duration.
All cases are therefore doubtful.

July (7 cases).—On 1st gp. there had been tremors during the
preceding 12 hours, and there were tremors next morning
—71oth gp., wind quite mvderate—i1th 2p. and 17th 2p.,
wind moderate and of short duration—18th 2p. wind mo-
derate, butlow barometer over Tokio; therefore there ought
to have been tremors; 19th 2p., and gp. wind moderate.

For six cases it is therefore doubtful whether tremors ought
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to have occurred, and in one case there ought to have been
a baroseismic disturbance.

August (1 case).—This was on the 27th 2p. The wind was
generally 2z and 3, and it is doubtful whether tremors ought
to have occurred. ‘

September (3 cases).—On the 6th 2p., wind moderate and of
short duration—r1gth 2p., wind moderate and tremors

~might have occurred—igth 2p., wind quite moderate.
Two cases are therefore doubtful and one inexplicable.
October (1 case).—On the 2nd zp. the wind was moderate and
- of short duration.

November (8 cases).—On the 13th zp., 21st 9p., 24th gp., and
25th 6a., the wind was moderate, on the 26th zp. the wind-
was moderate and of short duration. On the 2gth at 6a.,
2p., and gp. there ought to have been tremors. These
three cases are therefore inexplicable.

The 60 cases where there has been wind and no tremors
may therefore be subdivided as follows :—

First g cases, in which it seems that the wind was sufficient
to have produced tremors, and which are therefore inexplicable-
unless it is assumed that the tremor recorder was not in good
working order or that wind does not produce tremors ; secondly,
51 cases where the wind was only moderate or else of so
short duration that there was not sufficient time for the pro-
duction of tremors. These cases are largely made up of
afternoon sea breezes which, although they have a force of 3,
only blow for a few hours. ‘

’

CONCLUSIONS RESPECTING THE OBSERVATIONS OF 1885,

Altogether 945 comparisons have been made between the-
occurrence of tremors in Tokio and the state of the wind in
Central Japan.

1. With no wind and no tremors there are ............ 651 cases.

2. Withno wind and tremors there are 51 cases, which
may be subdivided into—

a. Tremors possibly of subterranean origin ...... 26 cases.
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b. Tremors accompanying barometrical depres-

STOMIS oottt e ea e 8 cases.
¢. Tremors which might be due to preceding
WINA e 17 cases.

3. With wind and no tremors there are 60 cases, which
may be subdivided into—

a. Cases where tremors ought to have occurred.. g cases.

b. Cases where it is doubtful whether tremors
ought to have occurred ......ococoveiiiiiiiiini. 51 cases.
4. With wind and tremors there are . 65 cases.
5. With local wind and no tremors,.............ooeeenne. iol cases.
6. With local wind and tremors .......oooooviiiiiiienn. 17 cases.
Total (oo 045 cases.

From the above we see that tremors have been recorded 133
‘times. The obvious explanation for 65 of these cases. (50 °/.)
is that they were caused by strong winds which were blowing
at the times of observation. 34 cases (17417) or 25°/ of
the remaining cases, m/ght be due to winds which had been
blowing a few hours previous to the times of observation or to
strong local winds. The remaining 34 cases (26+8) or 25 °/,
may have been of subterranean origin. The 50 °/, of tremors
which accompanied strong winds are of longer duration and
‘more marked than the remaining cases which are usually of
short duration and feeble.

That earth tremors may in great measure be due to wind
receives great support from the fact that when there is a calm
in Central Japan, it is seldom that tremors are observed.
From the 34 certain cases (26 -+ 8) when tremors, which have
-usually been slight, have accompanied calms out of 685 ob-
servations (651 + 34), we may say that calms have been
accompanied by tremors in less than 5 per cent. of the times
-of observation.

APPENDIX.

As a test of the accuracy with which the previous analyses
had been made, I asked Colonel H. S. Palmer, R.E,, to
determine from a series of weather maps (January zoth—May
13th 1886) the nature of the tremor records which had been
.obtained in Tokio, he not being acquainted with these records.
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The rules which were to guide him were as follows :—

1.—With a general calm in Central Japan tremors are rarely
recorded.

2.—With a wind in Tokio, or with no wind in Tokio but
with a wind blowing against the hills which shelter the Tokio
plain, there may be tremors.

The result of examining 257 maps were as follows :—

In 35 instances as to whether there had been tremors or
no tremors in Tokio it was doubtful. Zn 30 of these cases
I found that there had been tremors. In 57 cases Colonel
Palmer reporied that {remors ought to have been recorded.
In 54 of these cases (g4 per cent.) ke was absolutely correct,
there having been tremors which were very marked. In 3
cases he was wrong.

In 165 cases when he reported that there were no tremors,
I find that he was right 74 times, while in the g1 cases
when he was wrong there had been slight tremors.

Had I examined the maps myself I should certainly have
expected to have found tremors with some of the g1 cases
when no tremors were reported.

In 32 instances where tremors were very marked, Colonel
Palmer said that in z2z instances they ought to have occurred,
in 8 cases their occurence was doubtful, while in two cases
tremors ought not to have been observed. These last ten
cases, however, occur intercalated with or at the end of tremor
storms made up of various groupings of the 22 cases which
were reported upon correctly.

The above examination apparently confirms the idea that
many earth tremors, and especially those which are well
marked, are closely connected with the occurrence of wind.

V.—EARTH TREMORS ON MOUNTAINS.

In September, 1884, incompany with Mr. W. Wilson, C.E.,
and Mr. N. Mano, M.E., I ascended Fujiyama which is
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about 12,440 feet in height. Whilst on the top we were un-
able to undress, wash, or eat anything but the plainest of
food. These and other discomforts, amongst which were the
difficulties of breathing, prevented our remaining on the
mountain for more than five days.

During this time we obtained observations during the day
and night extending over a period of three days. These
observations were made by observing the position of the end
of the pointer of a tromometer as it moved across a scale of
millimetres.  The instrument was installed on the top of a
large block of lava, deeply buried in ashes, in the corner of a
stone hut in which we slept. It was covered with a wooden
case. Outside of this there was a tent made of oiled paper.
The instrument was, therefore, well protected againstecurrents
of air. Before commencing readings, the weight was suspended
for about fifteen hours by the same wire on which it had hung
for many weeks when in Tokio. To test the effects of
moisture on the instrument, at the end of the observations I
poured a large quantity of water all round the block of lava
forming the support. This produced no visible change in the
reading of the instrument. ,

The scale from which the readings were made, and which
was immediately below the end of the pointer, was a piece of
metal on which there were a series of concentric circles one mil-
limetre apart. A series of straight lines crossing the centre of
these circles gave the. points of the compass. Had the scale
been a series of lines at right angles to each other, the read-
ings would have been more definite. The results of interest
connected with these observations are :~—

1. That the movements on the top of the mountain were
much greater than those which I usually observe in Tokio.

2. The tremors, or slight swing-like movements of the
instrument, did not neccessarily accompany the wind.

3. That during heavy south and south-east gales the
direction of displacement of the pointer was towards the
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south-east, which is the same result as would be obtained if
the bed plate of the instrument were raised on the south-east
side, or if the mountain had tipped over to the north-west.

My colleague, Mr. T. Alexander, treating Fuji as a conical
solid made of brick, with a wind load of 50 Ibs. on the square
foot, found the slope and deflection of a point 100 feet below
the apex of the cone. This calculated slope was two or three
times greater than the greatest deflection which I measured.

As it is difficult to imagine that a mountain could suffer
deflection by a wind pressure, I will not insist upon the fact
that deflection actually occurred. It is however curious that
the results of calculation and observation should point in the
same direction.

If the observed movements of the pendulum were due to a
tip of the mountain, they might equally well have been.observed
at its base.

The actual observations are given in the following tables :—
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1884.
Day

Aug. 12

Aug. 13

Aug. 14

Aau. 13
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Hour

10.0 A.M.:

11.45
12.30
1.0 P.M,
3.0
4.0
6.0
7.30
9.0
10.0
0.45 A.M.
4-30

8.0
9.30

10.30
12.0

5.30 P.M,
2.45
445
7.0
9.0
0.13 A.M.
3.0

6.0
7.30

11.30

1.0 P.M.

2.10
30
4.0

5.0
6.0

7.0
8.0

Temperature

Fahr.

=
SE| En
o | = o8
g€ | 2] 5% Remarks
e S
s 8| 8%
o a | E®
a
19'02/0'50 NV | Almost still
19'02j0'50] NW | Slow swing from oto 1 on NS line
18°gy|1700f NNW | Still
— |o'00 Now and then a slight motion. Temp. in
cun ¢g2° F
18:g51'00, SE | Slight swing in NE and N quadrant from
oto-s
18'g5/3'00| SE | Slight movement. Strong wind W to S
18°95i4'00] SE ditto, ditto. ditto.
1895|420, SE Sligh(t) rPovement. Outside temp, 6° C.=
2°F
1890/3'00)  SE | Slight movement, Strong S wind
18'953°00f SE Very slight motion. Strong S gale
18:gsi2'c0l  SE | Slight motion. Strong S gale
18'92/1°s0; SSE | Slight motion, Swings from 1 to 2’5 SE
to S. Strong gale
19°92(2°s0| SE | Swing 2 to 3 N and S. South wind. Gale
abating
18°92|1°50 Swing 1 to 2 inthe E aud NE quadrant.
Mist and rain. S wind
18-go(1°50 ditto. ditto. ditto.
18go(1°50 Slight swing in E and NE quadrant.
Still Strong S wind and rain
18851 1°00 Slight swing in E. and NE quadrant.
Strong SE wind and rain
18°841°50| Slght swing now and then, 's. Strong SE
wind and rain
18'8y|2-00| Swings 15 to 2'5. Barometer pulsating
‘o1 in.  Wind abating, rain continues
18°91|1°50] Slight swing 1to2 E and W. No wind.
Mist
18-95(2°23 Swing 2 to 2°g on Eline. Slight W wind.
No rain
18'95(2°50 Swing 2z to 3 on E and SE quadrant.
Fine night. Moon up -
18°g6|2°00| Swing on division 2 NE and SW. In
SE quadrant
18:96|2°50) Swing on SE 1 ne, 3
19°00/3°50 Swing on [ and SE quadrant between 3
and 4, SEand NW
18°99|4°50 Swing on E and SE quadrant, now and
then swings to 5. Position of pointer
ESE
18°9%|5°80 Swing motion-in ESE quadrant.
19°00/6 00| Slight EW motion in ESE quadrant
1899|6°00| ditto. ditto. ditto.
19°01|6°25 Slight EW motion in ESE quadrant.
Slight W wind .
18'9816°25 ditto. ditto. ditto.
18:9816'23 Slight NE SW motion in ESE quad-
rant
18°9516°00| Slight NE SW motion in ESE quadrant,
- Wind dropping
19°00 5.00 Slight motion ESE quadrant. W wind
risin
19°00.5°00 Slight motion ESE quadrant. Wind
dropping
1893|5700 Swing 4'5 to 3'3 in ESE quadrant. W
wind strong
18°go §°25 Swing 5 to 3°'5. Strong W wind and fog
18.934°50 Swing 4 to 5. Strong W wind and fog
18'go 400 Nearly still. Strong SW wind and fog
18°94'4 00| Slight movement. Wind dropped. Heavy
fog
18°94 400! In ESE quadrant still. S wind gentle
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After this last observation a quantity of water was poured
round the foundation, and during the next héur several obser-
vations were made, but no change in reading could be detected.

All the thermometer readings are about 1°5° too high, and
the barometer readings ‘068 too high. Although none of the
temperature readings indicate freezing, water in the doorway
of the hut was several times thinly covered with ice. Under
the boards on which we slept there was a thick bed of ice, and
in the adjoining crater, about 6oc feet deep, there were large
beds of snow. :

VI.—GENERAL CONCLUSIONS.

The relationship which the occurrence of tremors has to
‘the lunar and solar motions and the seasons have already been
detailed in a previous paper on Earth Tremors published in
the Transactions of the Seismological Society, Vol. VIL. Part L.

The chief object of the present paper has been to show the
relationship which earth tremors hold to barometrical fluctua-
tions, barometrical gradients, and the wind. The analyses
which have been made show the following results :—

1.—Earth tremors are more frequent with a low barometer
than with a high barometer, but even with a low barometer
it may often happen that tremors ate not observed.

2.—With a high gradient tremors are almost always observed,
but when the gradient is small it is seldom that tremors are
visible.

3.—The stronger the wind the more likely is it that tremors
should be observed.

4—When there has been a strong wind and no tremors
such wind has very often been local or blowing inland from
the Pacific Ocean. We must not overlook the fact that such
winds are sometimes accompanied by tremors. Winds of short
duration are seldom accompanied by tremors.

5.—When there has been little or no wind in Tokio and yet



76 EARTH TREMORS IN CENTRAL JAPAN.

tremors have been observed, in most cases there has been a
strong wind in other parts of Central Japan. In the case
of winds working up Japan from the S.W. this has been very
marked, tremors being felt in Tokio several hours before the
arrival of the wind. '

When neither wind nor tremors are to be observed in Tokio
there is usually a ‘general calm in Central Japan.

6.—From the observations in 1886 p. 58 we see that there
were 10 days out of 45 when there were tremors which could
not be accounted for by winds blowing at a distance, and on p.
61 that there were 3 days out of 20 when there were winds which
6ught to have been accompanied by tremors, while tremors
were not observed. By combining these observations we may
say that about 8o per cent. of the tremors observed in Tokio
may be accounted for as the result of distant or local winds.

From the observations made in 1885 it seems that 50 per
cent. of the tremors certainly accompanied strong winds while
25 per cent. of the remaining tremors mig/hs have been due to
wind. The remaining 25 per cent. of the tremors observed
may have been of subterranean origin. These tremors were of
shor! duration and feeble. Out of 685 observations when it
was calm in Central Japan s/igh! tremors were only observed
34 times, that is in less than 5 per cent. of the number of
times of observation.

7.—The earthquakes which have been recorded do not
appear to be connected.with earth tremors more than that each
are more frequent at the same seasons.

8.—ZEarth tremors are as severe upon the summit of a lofty
mountain as they are in the plains.

That tremors may be produced in a district across which a
strong wind is blowing causing trees and buildings to vibrate
is a phenomenon about which there can be but little doubt.
The more important question, however, is whether a strong
wind blowing against a heavy range of mountains such as sur-
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rounds the Tokio plain upon its western and northern sides
can produce tremors which will be transmitted any distance
upon their leeward side? If we stamp upon moderably hard
ground it is easy to see the resulting tremors in a dish of
mercury at the distance of 100 feet. By gently rocking a
heavy piece of timber one foot square and three feet high, the
resulting tremors may be seen at a distance of more than 150
feet. Farther, by watching an image reflected in a small quan-
tity of mercury by means of a theodolite it appears that there
is an appreciable time after the commencement of the rocking
before the movement in the mercury attains a maximum.
This experiment was a crude one, but it apparently
indicates that the distance to which tremors of a given
magnitude may spread will partly depend upon the length of
time the force producing them isin operation. We have some-
thing very similar to this in the case of the ripples, the choppy
sea, and then the larger waves which outrace a severe storm
upon the-ocean. On the coast of Iterup in 1881, I was witness
of such a phenomenon. On a bright sunshiny morning I
saw a black line of ripples advancing across the surface of
a smooth sea. These were followed by short waves. Some
hours afterwards these grew into larger waves, which were
subsequently followed by the wind which in the first place
acting at a distance had evidently been the cause of the whole
disturbance.

The vibrations produced by a railway train may be observed
at a distance of more than a mile. Colonel H. S. Palmer
relates that the tremors produced by a crowd of holiday
makers in Greenwich Park, have been observed to continue
for many hours after the crowd had dispersed (see Trans.
Seis. Soc. Vol. IIL. p. 150). That the summits of high moun-
tains at the time of a storm may be in a state of unusual tremor
has been proved by actual observation. That wind pressure
may possibly cause deflection in a mountain has been shown
both from calculation and observation. With these facts
before us it seems probable that a strong wind blowing
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against a high range of mountains could not fail but produce
tremors which may be propagated to a considerable distance
upon their leeward side. That tremors have accompanied
such conditions is an observed fact. A

Among the facts which are contrary to these views are the
observations that tremors sometimes occur when there are
neither local winds nor winds which are blowing within a
distance of 200 or 300 miles, and also that tremors may be
observed at a considerable distance beneath the surface. Prof.
Rossi observed tremors in the Grotto di Roca de Papa 18
meters under the soil. It may possibly be argued that tremors
produced on the surface may be transmitted to a distance
beneath the crust of the earth.

In conclusion, so far as my observations have hitherto gone
in Japan, i¢ appears that the majority of earth tremors are
movements produced by the action of the wind upon the
surface of the earth and that these may often be propagated lo
distant places where wind disturbances have not occurred.




