EARTHQUAKES.

THE EARTHQUAKE IN JAPAN OF FEBRUARY 22np, 1880.

L

INTRODUCTION.

HE earthquake which it is my intention to describe is
one which for various reasons ought long to be remem-
bered. Many of the inhabitants of Yokohama will associate
it with the destruction of roofs and chimneys which it
occasioned, whilst others will think of it as a cause which
produced an awful shock of sudden terror, and gave a tone
to the conversation of several succeeding weeks. The mem-
bers of the Seismological Society to whom this paper is
chiefly addressed, will remember it as the final impulse to
the establishment of their society. In many ways this shock
was remarkable, and being such, it has a right to be
recorded. The greatest fear I have in undertaking the
task of making such a record is because the materials which
are ab my disposal to work with being scanty, the result
will not reach what many may perhaps anticipate. The
scantiness of records on which to base deductions is, in a
country like Japan, an unavoidable necessity. Everywhere
the houses are built of wood and generally speaking are so
flexible that although at the time of a shock they sway
violently from side to side in a manner which would result
in utter destruction to a house of brick or stone, when the
shock is over, by the stiffness of their joints they return to
their original position, and leave no trace which gives us
any definite information about the nature of the movement

which has been taking place. In a country like Italy,
however, where the buildings are of stone, the results are

different ; and if the shock of which we speak had occurred
in such a district, it would, no doubt, have left sufficient
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records wherewith to write its history. Again, in a country
like Italy, we have many towns in which there are dwelling
persons who are more or less accustomed to making scientific
observations: places are connected by telegraph and rail-
roads; clocks are numerous, and by their stopping furnish
approximately accurate results with regard to time. In all
these respects the observational seismologist has opportunities
for collecting together information which we could hardly
obtain here. 'What consolation the residents in Yokohama
may have received for the losses they have sustained, I am
unable to say, but certainly if the houses in which they dwell
had not been built our information about this earthquake
would have been so small as to be almost valueless.

The history of my endeavours to obtain information
about the shock were as follows: At the time of the shock
which was about 10 minutes before 1 on the morning of
Sunday the 22nd of February 1880, I was asleep. It, how-
ever, quickly woke me and by means of my watch, and a
lamp which was burning close to my head to enable me to
observe the time of earthquake shocks, 1 obtained very
fairly the time of commencement and the duration of the
shock. At the time the house was swaying violently from
side to side, and even when I thought the motion had
finished the distance throngh which the building was oscillat-
ing was so greab that I was unable to walk steadily across
the floor. Immediately after this I visited two long pen-
dulums which, with various other apparatus, I had been
using for making experiments on earthquakes’ motion. The

respective lengths of these pendulums were about 20 and 30 .

feet, and at their lower ends one carried a weight of 20 and
another of 30 lbs. At the time I saw them which was within
a minute after the cessation of the shock, they were swinging
violently through a distance of 2 feet. They would have
swung farther had they mnot been prevented by catches.
From these and the swinging lamps I obtained an ap-
proximate direction for the shock.

Next morning, having much to do in collecting records
from various instruments, I sent a messenger to Yokohama
carrying watches tc compare the difference in time of the
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observation of the shock, and to make general inquiries about
the damage.

One observer in Yokohama, Mr. W. H. Talbot, wrote
me that the weight of his pendulum which had been put up
only a few days previously for the purpose of earthquake
observations, had parted company with the wire and had
smashed the glass on which the records were to be written.
His house had received a cant, and the chimneys had been
So much twisted as to be dangerous, necessitating their
immediate removal. Another observer, Mr. J, Bisset, wrote
me that he had endeavoured to obtain the time of the shock,
but had been interrupted by a falling lamp, clouds of soot,
and a quantity of bricks coming down the chimney occasioned
by the fall of every thing above the roof. He farther told
me that his windows had been broken, the window catches
drawn, and that there had been much damage generally. It
being evident that much damage had been done, I drew up
the following series of questions, which were printed on
sheets of paper and, through the kindness of Mr. W. H.
Talbot, the editor of the Japan Gazette, and the interest taken
by him in earthquake phenomena, were issued to the sub-
scribers of that paper.

1.—Do you know with accuracy at what time the shaking
commenced? This can perhaps be answered by persons who were
on board ship and had chronometers at their service.

2.—From the first swing of a lamp, the roll of a billiard ball,
the direction of fall or projection of a body, the oscillation of a
liguid in a vessel, or by any other means, can you tell pretty
accurately the direction of the shock ?

3.—What was the nature of the damage done to your house ?

4.—In what direction did the chimneys fall. If they were
rectangular in shape, did they fall broadside or end ways ?

5.—Did you observe that any objects had a clear fall, say, for
instance, like a tile from the edge of a roof, or like a vase from a
mantelpiece? If so, what was the wvertical height through which
the body fell ; the horizontal distance, measured on the ground, to
which the body was projected; and the direction of throw ?

6.—Were any objects like columns overturned? If this was the
case, in what direction ?

7.—Were any objects like chimneys twisted, if so, what was
the direction of turn? For instance, was it from E.through N.
towards W. or wice versi from E. towards S. and on to W.2 A
simpler description will perhaps be to say whether, looking down on
the object. the twisted portion has followed, or turned against, the
hands of a watch ?

8.—Were any serious cracks formed in the walls of your house ?
If there were such cracks formed what was their direction and in
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what walls were they formed ? In the case of stone or brick build-
ings, what is the width of the crack? If any of the above questions
are answered relating to houses, please give the situation of your
house with regard to the points of the compass, and also say whether
it stands on the edge of a bluff or cliff, and on which side of the
house this bluff or cliff may be. .

9.—At the time of the shock was there any one who did not
feel it? If so where were they? It is believed that many severe
shocks may be passed by unnoticed by persons when out walking.

10.—Did the motion produce any effects of sickness, headache,
&e. ?

11.—Was any rumbling sound heard before or after the shock ?

12.—Were any peculiar phenomena observed which have not
been referred to above ?

Altogether about five hundred copies of these questions
were printed, nearly all of which were issued. 7Those which
were returned filled in were as follows : —

From Yokohama - ........c.coevvvvninininnnnn... 11
sy TOKIO ovvvini i, 14
»w  Yokosuka ..., 1

Total ....ooovviviiriiinieeenee, 26

These twenty-six reports have been extremely useful,
and all the information they contain is embodied in the
following paper. I here beg to tender my sincere thanks
to those who sent them.

So far as I have been able, in extracting from these
reports I have used almost the identical words of those
who wrote them. It will therefore be easy for the writers
to recognize their own observations, and if there is any
doubt of the accuracy of my quotations or my rendering of
their meaning I hope to be corrected.

For several reasons I have in most cases avoided in-
dividualizing either my informants or their houses, but
should they wish me to do so I shall be most happy to
comply with their request.

In most instances the observers, like myself, were in
bed at the time of the shock, and therefore, owing to the
suddenness with which the confusion of falling tiles, chim-
neys, and plates, and the creaking timbers of a rocking house
burst upon them, observations which needed to be made
whilst the shock was going on, were either not made at all,
or were not 0 accurate as those made by persons who hap-
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pened to be awake at the time, and bhad the phenomena
presented to them more gradually.

Besides the information received upon the printed forms,
several persons seeing from the Gazetle, the Weekly Mail, and
the Herald in the columns of which papers, through the
kindness of the editors, my inquiries had been inserted,
answered me by letter. Of communications like these I
received four.

As answers to private communications addressed to
residents of Tokio, Yokohama, Kobe, Niigata, Sendai, and
other places, I received thirty.

To determine the area over which the shock extended, a
letter was sent to all the principal towns of the twenty-two
nearest provinces to Musashi. As answers to these letters
sixty post cards were received.

Altogether then, after igsuing five hundred printed
forms and over one hundred letters, one hundred and twenty
written communications have been received.

Although the number of letters I have received is very
large, many of them are but repetitions of each other,
whilst others, like the sixty post cards from the country,
are but mere records of the fact that on the night of the
21st of February a shaking had been felt. Then the fact
that many of the replies I reccived were to the effect that
the writers were unable to give me any information, will
explain why, from apparently so many letters, so little has
been given in the following pages.

To information of this description I have added my own
observations, derived from a number of instruments and
contrivances with which T have been experimenting upon
earthquakes, and from a series of visits to places in, and in
the neighbourhood of Tokio and Yokohama.

I must also add the important information derived from
the records of the Yamato Yashiki Observatory, kindly
placed at my disposal by Mr. Arai Ikunosuke; the indica-
tions of Dr. Wagener’s apparatus given to me by Mr. K.
Knipping, and the observations of Mr. W. H. Talbot and
Mr. J. Bisset, who for some time previous to the shock had
been working in Yokohama in conjunction with myself in
Tokio,
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The manner in which I have treated all this information

. has been to divide it up and arrange all observations bearing

on the same point under separate headings. The observa-

tions under these headings have been supplemented with
general remarks and dedunctions.

The divisions of the subject are as follow :—

1. Time at which the shock occurred as observed in Tokio and
Yokohama with deductions therefrom.

2. Relation of the time of occurrence to the time of occurrence
of subsequent and preceeding shocks.

8. Direction of the shock as determined at different localities.

4. Rotation of chimneys, tombstones and other heavy bodies.
Direction of the shock as deduced from these observations.

5. Extent of the shock.

6. Origin of the shock with a short geological description of the
rocks in the vicinity of this origin.

7. Direction of the shock in relation to the direction of preceed-
ing and succeeding shocks. )

8. Damage sustained by buildings with an epitome of facts con-
nected with this damage. A discussion of these facts:—

(a) In relation to the construction of the buildings.

(b) In relation to the topography of the place where they are
situated.

(¢) In relation to the nature of the underlying rocks.

9. Cracks in the ground.

10. Projection of bodies like tiles from the edge of a roof.

11. General nature of the movement. Actual motion of an earth
particle, as deduced from diagrams drawn on smoked glass plates at
the time of the shock, and the projection and overturning of various
bodies. Angle of the emergence, and depth of the origin.

12. Sound which accompanied the movement.

13. State of the atmosphere at the time of the shock.

14. General sensations produced on men and the lower animals.

15. Conclusion.

Although many of the observations ave such as have
before been remarked in other countries, and the conclusions
which are drawn therefrom are in very many instances similar
to the results obtained by other writers, I hope that here
and there a point may be noticed which may to some extent
add at least a little to the advancement of seismic science.

Points like these, however, only form a fractional portion
of the whole communication, and the paper, therefore, taken
as a whole must be looked upon as one which has been
written chiefly on account of its local interest, and for the
purpose of enforcing truths, as for instance, those which
are connected with the effects of earthquakes upon buildings,
with which it is desirous that all those who dwell in earth-
quake-shaken countries should always be familiar.
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1.—~OBSERVATIONS RELATING TO THE TIME AT WHICH THE
' SHOCK OCCURRED.

Amongst the various observations which can be made
upon an earthquake, the time at which it occurred is one
of the most important. Observations of time made at only
one locality are for a succession of shocks useful when
endeavouring to find out the relation between earthquakes
and other phenomena, or in comparing their relative frequency.

Observations of time made at fwo places nsually give
us a rough indication of the direction in which the shock
came. If, in addition to two such observations, we had by
other means determined the direction of a shock at the two
places, on the assumption of the homogeneity of the rocks
between the origin and these points of observation, we
might determine the velocity with which the earthquake
motion had been propagated. With #hree aceurate observa-
tions of time independently of any other observation, we
might, on the assumption of the homogeneity of the .strata,
determine the direction of the shock, and also its velocity
of propagation between certain points. With observations
of time made at five stations not only conld we tell the
velocity with which the shock had travelled between different
points, but we might also determine the epicentrzm of the
shock ; and if a sinth station were given, its centrum. As,
however, the velocity with which an earthquake is transmit-
ted is so very great, according to the observations of Mr.
R. Mallet varying from 800 to 1700 feet per second, observa-
tions of this description need to be made with accuracy,
and judging from my own experience all ordinary methods
would be extremely unsatisfactory. The best results would
undoubtedly be obtained by connecting together automatic
instroments placed at several stations situated at sufficient
distances apart by electrical connections. If the stations
were at long distances apart independent instruments cor-
rected daily with local time might be sufficient. By observa-
tions such as these not only should we be able to gain many
facts relating to the origin and the motion of earthquakes,
but by the varying rates at which the shock had travelled
between the different stations many important inferences
might be made about the underlying geological formations.
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My reason for referring to well known facts like these
is chiefly on account of the excellent situation which Yoko-
hama and Tokio cccupy for making such observations.
‘With regard to the observations which have been made upon
the shock which we are now considering, I am very sorry
to say that but little material has been collected upon which
any important conclusions may be founded.

In most cases the time at which a shaking commenced
is seldom if ever noted, the importance of such an observa-
tion mnot having as yet been sufficiently recognized. In
Yokohama, where the shaking was severe, the suddenness of
it, coupled with its violence, would have probably been
enough even with practiced observers to have made observa-
tion of time a matter of secondary importance. At distances
farther from the origin where the movement was compara-
tively gentle, the time at which it occurred has been recorded
in such general terms, that the only value of the observa-
tions appears to be the determination of the extent of the
country over which the shock extended. In some cases the
times which have been given vary from each other more than
an hour, and if we relied solely upon time it would be
doubtful whether they are records of the same shock with
which we have to deal. Coupling these facts with the fact
that watches and clocks are everywhere so very different in
their times, and that for useful results to be obtained we
need the time at any station within a few seconds, what I
have to record upon this subject will be of little practical
value,

OBSERVATIONS IN YOKOHAMA.

On the steamer Takachiho Maru the shock was observed
at 1 a.m, Other observers give me the following times on
the morning of Febrnary 22nd :—

12.52.00 A.M.

12.48.00 ,,

12.50.00 % This was the time at which the clock on the town hall
It was stopped.

12.49.15 This observation was made by a good chronometer.
R » { The rate of this chronometer, however, is not given.

12.50.00 ,,

12.45.00 ,,

12.35.00 ,,

12.50.53

12.50.50 ::} Observations of Mr. Favre-Brandt.
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The two last observations were furnished to me by Mr.
Favre-Brandt. Both of them were given by the stoppage
of pendulum clocks, which clocks were used for the regula-
tion of chronometers. The times put down indicate Yoko-
hama meantime at which the stoppage took place. These
clocks are placed against walls at right angles to each other.
Two other similar clocks on opposite walls were respectively
retarded eight seconds and nine seconds. This is the first
time that any of his clocks have been stopped by earthquakes
since Mr. Favre-Brandt has been in Yokohama, which is
probably a period of 18 or 20 years.

Two other observations which I have received were
made by Mr. W. H. Talbot and Mr. J. Bisset. For some
time previous to this shock, these gentlemen and myself had
been making observations in conjunction, my observations
being made in Tokio. The method employed was at the
time of a shaking to quickly draw out our watches, and
glance first at the second hand, then at the minute hand,
and finally at the hour. In this way I imagine that the time
of the commencement of the shock is obtained more accurately
than that given by any ordinary antomatic machine, which
seldom seems to record until the severer part of the motion
commences, which is usnally the middle of the shock.

From time to time our watches were compared and
always after a shock. Notwithstanding all the care we had
been able to take, errors of perhaps 10 or 20 seconds would
seem to be unavoidable. These errors chiefly arise from the
fact that all ordinary watches seen to have an unequal rate
at different times during the day, the graduations of minutes
in different portions of the face are different, and finally, the
carrying of a watch to Yokohama and back in the train
almost invariably causes a loss or gain of 10 or 15 seconds.
To reduce this latter error to a minimum, several watches
are now interchanged and the total loss or gain experienced
by the whole journey is divided by two, and one-half is
considered as the loss or gain upon the single journey. I
may now add that latterly through the kindness of his
Excellency Yamaou Yozo, we are enabled to compare our
watches at each end of the journey with a chronometer,
which, being in one position, keeps a constant rate.
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Mr. Talbot’s observation was at 12h. 49', 88" a.m., and
he is of opinion that this was the time as indicated by his
watch at which the movement was first perceptible.

Mr. Bisset observed the shock at 128 52' 2" but on ac-
count of the sudden falling of a lamp, bricks from the
chimneys, clouds of soot and the like, he thinks, although
the seconds were certainly noted, that there may be an error
in the minutes,—being one minute slow.

These would make his observation :—

12k 53' 2"

From the following data the times taken for the shock
to travel along the bluff and between Yokohama and Tokio
have been calculated. In Tokio I observed the shock by my
watch at 12 59’ 32".——My watch, Mr. Bisset’s watch and
Mr. Talbot’s watch I respectively call M, B, and T :—

On Feb. 19th at 4.30 p.M. M was 1’ 38” fast on B
» 2 3 2] 4‘15 » 3 3 2’ 32” » » T
3 2 22nd iR} 9.30 a.m. EXT T 8 19” » 3 B
» » 2 3 11'15 3 EEd Eil lll 40” 2 . T

At the time of the shock, therefore, M must have been
7' 26" ahead of B and 10' 16” abead of T.

Reducing the observations of B and T to the time which
would have been shown by M, we find that

g observed the shock ak 1;?’8225} in Yokohama.
whilst M s :, , 12.59.32 ...in Tokio.

Therefore the shock travelled from

3. 1"
ﬁ f? % 1: ég,, 5} Tokio to Yokohama-

T ,, B,, 46”5...Across the bluff in Yokohama.

From the fact that the distance between Tokio to Yoko-
hama is about 16 miles, whilst the distance betw,gen the
houses of Messrs. Bisset and Talbot is only about a mile,
there is evidently in the above calculations a considerable
error. This probably arose from the fact that my watch
previously to the shock had been going at a quick and pro-
bably irregular rate.

1t would, however, seem safe to infer that the shock
probably reached Tokio a little before it reached Yokohama.

OBSERVATIONS IN TOKIO.

My own observation as just given was at 12k 59' 32".
At Shinagawa the shock was observed at 12.48.0°,
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In Tokio the clock at the Kobudaigakko, and also others
in the same compound, was stopped at 12" 50’ 0°,

At the German legation Mr. von Eisendecher, who
made some careful observations on the shock during its
occurrence, tells me that the shaking ceased at 12" 59’ 0° a.m.

From an observation given me by Mr. Knipping, which
observation was made, T believe, by Dr. Wagener’s seis-
mometer, the shock occurred in Tokio mean time at 12.52.0°.

On Palmieri’s instrument at Yamato Yashiki, the shock
was recorded as three movements, the times of which are as
follows :—

12k 49’ 22"
12h 50" 19" } Tokio mean time.
12h 527 22"

’

The middle one was the large shock.

Out of the various observations the only ones which can
be compared with those made by Mr. Favre Brandt in Yoko-
hama, appear to be those which were made by Mr. Knip-
ping and those recorded by Palmieri’s instrument ; the former
being given in Yokohama mean time and the latter in Tokio
mean time.

Of Mr. Favre Brandt’s observations I take the earlier
as being the oune which is most likely to be the nearer to
the time of commencement of the heavy shock. By adding
on 26 seconds to this observation for the difference in longi-
tude, we may say that the heavy shock took place in Yoko-
hama at, or probably a little before, 12 51' 16” (Tokio
mean time). From which it would seem that as recorded by
Palmieri’s instrument the shock must have reached Tokio
57 seconds before reaching Yokohama, but according to Mr.
Knuipping’s observation it must have reached Yokohama 44
seconds before it reached Tokio.

All that we can say definitely is that there was no great
difference in time between the arrival of the shock at the
two places, the probability, however, being because the former
of these observations agree with those made with the com-
parison of watches that the shock reached the two places at
or about the same time, reaching Tokio perhaps a little before
it reached Yokohama,
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Accepting this conclusion as being probably correct, if
we join Tokio and Yokohama and bisect this line by another
line at right angles, the epicentrum of the shock will be
either upon or else a little to the Tokio side of such a line
(see the line A Bin map). This is, of course, assuming
that the rocks in each direction are tolerably homogeneous.

From these latter observations it will be seen how
difficult a matter it is to obtain accurate time observations by
ordinary means. In the above observations there are pro-
bably slight errors in the times themselves, and very likely
orrors also arise by different instruments or observers not
having noted the same portion of the shock. That such
crrors are likely to be great will be obvious by the inspection
of the observations given by Palmieri’s machine.

The times at which the shock was felt at different places
in the country are mentioned when speaking of the area over
which tke shock was felt.

Owing to the shock having occurred during the night,
the want of standard clocks or the means of comparing
ordinary clocks, and the fact that in no case so far as I am
aware, was there any attempt to determine the time at which
the shock occurred with any accuracy, the deductions based
on these observations must only be regarded as rough
approximations to the results we have been endeavouring
to obtain.

2.—REenATioNn Ix TIME T0 PRECEDING SHOCKS.

If we look over the record of shocks published by the
observatory at Yamato Yashiki, some of which are given
when speaking of direction, it would appear that the shock
of February 22nd occurred in the midst of a very active
period. Many shocks at intervals of a few days preceded
this shock, and many in a similar manner succeeded it.

- After a large shock of this sort it would seem that we might
expect a quick succession of smaller shocks,—and also in
many cases before them. In the accounts of destructive
earthquakes of nearly all countries, this phenomenon, which
seems to indicate a gradual giving way of the crust of the
earth or else repeated endeavours to burst through it, is to
be remarked.
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The relation which this earthquake has to the large ones
which preceded it may be judged of from the following
extract taken from a table of the great earthquakes of
Japan. This table, which contains 855 records, has been
compiled from the works of Dr. Naumann, Mr. Hattori,
and a number of Japanese books. The dates which are given
have been computed, wherever it was possible, by means of
Mr. W. Bramsen’s chronological tables.

Interval in
[nterval in months for
Years. Months. Days- wonths for the Yedo
Japan, Area.
1771 7 13 Yedo .oevvevereveninniannnn 13... 13
1782 8 22 Yedo ...covoevreiieiiiiinnnn.
—— 8 23 Yedo, Odawara &c. ...... .o... b
1782 9 10 Yedo ..oocovevviniieiiiennnn. 6... 6
1788 3 4 Yedo ..oocvvviiviieiniininns
1783 9 — Kwanto .............coeeenl 6
1792 3 23 Hizen ......ocoovviiiennnens 102
4 20 —— e, oo & 187
1794 2 — —— . 22
1794 11 25 Yedo .ooovvvevviiiiniinnn.ns 7
1803 12 28 Sado.......coovveniivinienenn. 119
1804 7 7 Dewa ...oooovvveveniiiiiiins 7
8 B 19
1805 — — Dewa ....ceennnnnn. T “ b 228
1809 4 5 - Shinshiu cc.evvevvvviinnnen... 48
1810 2 4 Sado....cvveueiieiiiiiinannnn. 10
1812 12 7 Yedo....ooevvveereiivinaninnnn. 34 J
1819 8 2 Kioto ..vevvieeieniiiiniiinins &0
1822 3 12 Oshin .....oocoovviviiinan.. 31 |
1822 3 9 Omi.ivvviiiiiniineineinenn. d 0 4.,
1822 7 20 —— .. w2
1823 7 19 Kiobo oo 21
1828 12 18 KEchigo........cocoiviinininns 65 )
1830 8 19 Kioto ....oovvvveviiiiniiniin. 201
1831 8 9 Kioto ...ievvvivininiinnennn. 120 4.
1834 2 — — g2 p 204
1835 2 — Fujiyama..................... 12
1835 7 21 Rikuzen ..................... 30
1847 5 8 Shinshiu ... 1441,
1848 4 27 Shinano ................ 1 2
1853 3 11 Odawara ..................... 59 J
1854 12 23 Shikoku ................c..ll 217
e 78 -
1855 7 27 Tse oooooovoirniii ros2
1855 11 11 Yedo...oooovievriiininnnnn.. 4
1855 12 12 Yedo...oovioivivivininninnn... 1477
1866 8 14 Harima. 2,
1872 3 12 Iwami vovvooooririos o o5 [ 514

1880 2 22 Yedo....oowoviirriviriviiinnns 7 )
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By glancing at this table which refers to 85 serious
shocks during a period of 100 years, it will be seen that the
intervals at which great earthquakes have occurred in Japan
during this time are as irregular as we could possibly imagine.
Sometimes there have been periods of rest between the large
earthquakes of only one month; at other times the interval
has been more than 100 months. In the Yedo Area they
seem to have happened at about periods of 1, 5, 11, 19, 22,
18, and 26 years. Dr. Naumann who carefully examined a
list of 227 earthquakes which he compiled, speaks of cycles
of 490 and 980 years. He also speaks of shorter periods,
the smallest of which is 56 years, and the highest 81 years;
the mean being about 68 years.

Mr. Hattori, discussing a list of 149 earthquakes nearly
all of which are included in Dr. Naumann’s list, concludes
that “on an average there has been one severe earthquake
in the country in every ten years.”

“In the older records the intervals appear to be longer
than in the more modern records and “if we take the nine-
teenth century alone we find about one earthquake in every
five years.”

Mr. F. V. Dickins, writing to the Times a few months
ago, tells us that the Japanese believe that a severe earth-
quake occurs about every twenty years.

My own opinion is that we ought not to expect to
find earthquakes occurring at equal intervals of time, although
if we examine the records which we have ab our disposal
in a proper manner, we may occasionally find a rule govern-
ing the time at which they havo taken place.

Hitherto, when discussing the periodicity of earthquakes,
a list has been taken of the earthquakes which have occurred
in some country or set of countries and then criticized,
Thus Dr. Naumanu, when searching for periodicity, discusses
a list including earthquakes which occurred in North Nippon,
and those which occurred one thousand miles south in Kiu-
ghiu. Mr. Mallet, in his tables of the earthquakes of Europe,
groups them to a great extent according to different coun-
tries. Although a grouping together of earthquakes accord-
ing to certain political boundaries may for some purposes be
extremely useful, it does not seem thus far to have given us
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any definite law regarding the succession of earthquake
phenomena.

The problem to be worked out when data such as these
T refer to are placed before us seems to be as follows : —

Given a room filled with sticks each of which is being
bent, and caused to crackle under a load which has been
applied at different times, it is required from us to determine
the periodicity of the crackles or the law of their succession
Such a problem seems at the outset to be indeterminable,
the crackling of one stick interfering with that of the others.
If, however, we confine ourself to one stick, I think we
should find that at first the crackles succeeded each other
in rapid succession, but as time went on they would occur
at longer and longer intervals and a law of succession would
be obtained. Similarly, on looking for a law in the succes-
sion of earthquakes, we ought, I think, to pick out one
seismic district, and examine it by itself rather than by
taking an indefinite number of districts together, such for
instance, as are included in certain political limits.

This is a problem which I have worked out for the district
round Kioto, but as the subject is a long one I must reserve
it for some future communication. If the problem were
worked out in a similar manner for Yedo, I think we shounld
find that this carthquake about which we are writing,
belonged to a group, the intervals between which were wider
than those which occurred two thousand years ago.

3. DIRECTION OF THE SHOCK.

One of the most important observations which can be
made upon an earthquake is that which tells us something
about its direction. By continually noting the direction
of the shocks wlich visit any place, we see whether the
shocks are coming from the same quarter; and in the
construction of buildings or laying out the directions of
streets, a fact of this description might possibly have con-
siderable influence upon our intentions. If we know the
direction in which the shocks reach two or more localities,
so long as the directions at these places are different by the
intersections of them when produced, we may determine the
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epicentrum or the point upon the surface of the ground above
the origin, from which the shock has emanated.

For reasons such as these it is my intention to give a
full epitome of all the facts which tell us anything about the
direction of the shaking which I am now discussing.

In many instances the records which I give may be con-

- sidered as mere opinions of the observers, founded, so far as
I am aware, upon no definite observations. How far these

are likely to be correct I leave it for my readers to decide,

but I may say that Ihave often met with persons, who,

without any definite observation more than that of the

general movement of the ground or house, express most

definite opinions about the direction of almost every shock

they experience.

OBSERVATIONS IN YOKOHAMA,

1.—Observations without Special Instruments.

1. 40° W. of N. to 40° E. of S.—This observation was
made at a house upon the bund at Yokohama, and was given
to me in the form of diagram.

2. 221°W. of N.—This observer also states that the
plaster fell from the S. and E. side of the house.

3.—45° W. of N. to 111° 8. of E. (?) also E. and W.—
Bluff. Two chimneys fell to the E. and the corner stone
of another chimney fell to the S.E.

4. Lamp swung in all directions.

5. E. and W.—The top of a Japanese stone lantern was
thrown to the east. .

6. E. and W.—The bottles in a store room fell E. and W.

7. N. 45° E.—A clock fell to the S.W.

8. N. 45° W.—A lamp hanging on a rod four feet in
length was seen swinging to the S.E. Porcelain vases and a
bronze statue fell in the same direction.

9.—N. 45° E.—Water was thrown out of a foot pan
towards the N.E.,—the stores in the store-room fell in the
same direction.

10. N. 45° W,, N. and S,, and N. 221° W.—A¢t the time
of the shock a lamp was seen to swing from the N.W. to the
S.E. This was the first shock., With the second shock its
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direction seemed to be.changed to N.and S., so that, as a
resultant motion it moved N.N.W. and S.8.E.

11. N. 224° W.—From the mauner in which a chimney
was broken the shock must have been from N.N.W. to S.S.E.

12. N. 45° W.—The house oscillated from N.W. to S.E.,
and two vases fell in a north westerly direction.

13. N. 45° E.—From a number of observations made
upon my premises and buildings, the direction of the shock
would appear to have been from S.W. to N.E. Water was
thrown out of a foot pan to the N.E. Iron plates in rack
fell over to the N.K.

An iron rack carrying 25 to 30 tons of iron bars, tubes,
&c. which were lying N.E.- and S.W., was shaken endways
to the N.E. _

14. N. 45° W.—A grave stone was bulged outwards to
the S.E.

15. N. 45° B.—Others, however, fell to the S.W.

16. E. and W.—A chimney seems to have received a
shock from the east, whilst a wall was driven out towards
the west. At this same house two candlesticks fell with
their heads to the west, whilst the candles fell with their
wick ends to the east.

17. N. 45° W.—A lamp was seen to swing to the N.W.
18. N. 45° W.—Chimneys appear to have fallen to
the S.E.

19. N. 223° W.—The shock appears to have been from
the N.N.W.

IT.— Observations with Instruments.

The only observations which were made with the aid of
instruments in Yokohama, were some which were made by
Mr. W. H. Talbot at his residence on the bluff.

The first of these were made with a Cacciatore, which
is a circular trough notched round the edges and filled with
mercury ; it is affixed to a pile driven eight feet into the
ground and is wholly detached from the building which
contains it. At the time of the shock the mercury was
shaken over these notches and caught in watch glasses,
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The relative quantities which were thus spilled out in
different directions are given in the following table :—

N.40°E. ...... 157 ... S.40°W. ...... 19.0
Nl 1240 ... S, L 17.7
B 22.7 ... W. 5°S. ... 31.7
E 45°8. .. ... 3825 ...... W. 40°N. ...... 380

From this it would seem that the direction of the shock
was nearer to W. 40° N. than to any of the other points
which are given, and it might p0951b]y be a little nearer
west than this direction.

The second observation which was made, was by means
of a long pendulum. This was a pianoforte wire about 16
feet long carrying at its extremity a weight of about 85
Ibs., Fixed to this weight there was a sliding pointer resting
upon the surface of a smoked glass plate. Unfortunately,
to use Mr. Talbot’s words, at the time of the shock the weight
and the wire parted company and broke the glass. Joining
the fragments together it was seen that before the break
had taken place two curved lines had been made upon the
glass. By examining these carefully it would seem that
the first movement of the glass beneath the pendulum had
been 20° 8. of E,, after which it moved due east, it then
drew back in a curve first towards the west, and then
upwards 20° N. of W. The curvatures of these lines which
are about 8 inches in length are very slight, and they may
be said to have an average direction of 10° N. of W.

From an inspection of the first group of observations,
amongst which I am inclined to regard the swinging of
lamps, which were noted at the time of the shock, as being
he most reliable, we sce that the most likely direction of
the shock was from or towards the north-west. In many
cases objects like bottles, clocks, &c. seem to have fallen in a
similar direction, whilst in other cases they have fallen in
a direction almost at right angles to this. The same remark
may be made about the chimneys.

The cause of these anomalies would after a close ex- .
amination no doubt be found in the fact that in the case
of many bodies, if they fell at all, they were compelled, either
by their shape or from the position they occupied, to do so
in a particular direction. Another explanation would be
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that there may have been two or more shocks, the directions
of which were transverse to each other. If such were the
case and it does not seem to be at all unlikely from the
nature of some of the observations, we must regard one of
these shocks as being the reflected portion of the other. One
observer, whom I know to be accustomed to the making of
scientific observations, distinctly states that so far as he
could judge from a motion of a swinging lamp which he
was watching, the first shock was N.W. to S.B. whilst the
second was from N. to S.

That such a state of things should bave taken place is
easily conceived, but to state where the reflection took place
would be a somewhat difficult matter.

Direcriony v Toxio.

L.—Observations made without Instruments.

1. N. and S.—Thirteen bottles fell off a shelf towards
the north. (Shiba.)

2. E. 1 8. to W ; N.—This observation appears to be
founded in the fact that the door posts in a wall in a line
S.+ W. by N. } E. were thrown out of plumb, whilst those,
in the walls parallel to the front of the house, were not
affected. (Shiba.)

3. N. i E.—A shed was thrown down to the N. 1 K. in
a direction at right angles to thewalls to which it had been
attached. (Shiba).

4. The walls from the S. and E. side of a chimney were
detached. (Tsukidji).

5. N. and 8.—An Indian club which was resting against
the wall fell to the south.

6. N.38° B.—Water from a wash-hand basin splashed out
2° or 3° to the west of south.

7. NNE.—Water in a wash-hand basin on the second
floor splashed out of the S.W,

Both of the above basins stood in a circular hole of a
wash-hand stand. (5, 6 and 7 in Surugadai).

8. N. and S.—At the German legation Mr. von Eisen-
decher, who was up at the time of the shock, observed his
lamp swinging north and south,



20

9. N.E. and S.W.—This direction is given in answer to
question No. 2. (Shinagawa).

I1.—Observations made with Instruments.

N. 29° W.—This observation was given to me by Mr.
Knipping. It was made with an instrument belonging to
Dr. Wagener.

OBSERVATIONS MADE AT THE YAMATO YASHIKI OBSERVATORY
BY PALMIERT'S INSTRUMENTS.

The only observations which were made for the direc-
tion of the shock were the records given by the four bent
glass tubes containing mercury. The dircctions of these
tubes and the velative extent to which the mercury was
caused to oscillate in them are as follows :—

SSE. to NNW. oo oo 78°
SSW. , NNE. oo ! 520
WSW.. BENE. ... 28°
WNW. ., ESE. ... 28° 20’

From these observations it would seem that the greatest
motion had been from N.N.W. to S.S.E. The fact that the
next greatest motion to this one occurred in the N.N.E. and
S.S.W. tube, which is at right angles to this first direction,
would seem to indicate that there had been two shocks
almost at right angles to each other, as has already been
supposed.

From observations made upon several contrivances and
instruments which for some time past I have been experi-
menting with, the following results were obtained.

I. From a Cacciatore similar to that used by Mr. Talbot
in Yokohama, mercury was spilt out of the circular trough
in different directions in the following proportions :—

N 56° S, 40°
B 30° ...l W 6

NwW 40° . SHE. ... 46°
SW............. 13° NE. ... ... 17°

The direction which this would indicate would be about
N.N.W. and S.S.E.

II. Three small iron columns of different shapes fell
about 10° W. of N. Two of them had fallen towards the

south and one towards the north, ’
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From these it would seem that the shock was in a
direction a little west of north.

III. Standing on the top of the same pillar with the
iron columns were a number of strips of glass, something
like slides for a microscope, on their long edges and arranged
radially round a semi-circle.

These glasses were in pairs and their long edges pointed
N.and 8., NN.W. and S.S.E.,, NNW. and S.E., W.N.W.,, and
E.S.E, W. and E.,, &c., &c., round to south. Four of these
pairs fell.

Those on the E.and W. line and those on the W.S.W
and E.N.E. lines fell towards the south, as if by a shock
from the north or north-north-west.

Those on the north-west line fell towards the north as if
by a shock from the S.W., whilst those on the north fell as
if by a shock from the west.

This, I may remark, was a special experiment devised
to see whether not only the direction of a shock, but the
direction from which it came, could be determined by a
simple method. The details of this arrangement I hope to
be able to describe at some future time. '

The result, however, as given appeared to be that there
had been two shocks one from the N. or N.N.W., and
another from the W. or S.W.

IV.—From the equality of movement experienced in
two sets of brick arches at right angles to each other, which
movements were measured by special contrivances to be
described hereafter, it would seem that the direc tion of the
shock had been about N.N.W, or N.W.

V. From the lines traced upon a smoked glass plate by
the swing of a pendulum, about 20 feet in length carrying a
20 1bs. bob, the direction of the first part of the motion
appears to have been about 38° W. of N. After that the
pendulum got up a swing, the point moving backwards and
forwards about 40° E. of N. iu a series of irregular elliptical
forms. The length of these elliptical forms is about two
inches and their total breadth half an inch. Traced upon
them, there are a number of ripples such as I can only
produce upon the smoked glass plate by shaking the table,



22

whilst the pendulum is swinging. These are evidently ripples
produced by the earthquake (see Figs. 12, 13 and 14 in the
Appendix). They indicate a motion having an average direc-
tion about 83° W. of N. A confusion of lines upon the plate
was avoided in consequence of the plate being small. After
five swings the pointer passed over the edge of the plate and
dropped out, and markings ceased to be made.

About 30 seconds after the shock ceased this pendulum
"was swinging on a line 20° W, of N.

VI. From a smoked glass plate placed under a pendulum
with a pointer similar to the above, the direction given was
10° E. of N. In this case the smoked plate was so arranged
that at the time of the shock it could move beneath the
pointer. The direction which is given is that which was
indicated before the plate commenced to move. On another
plate similar markings are also given, but from the manner
in which these have been confused with marks made during
the arrangement of the pointers at the time the instrument
was set, it is a difficult matter to separate those which were
made by the shock, from those which were made previously.

During the motions of these plates irregular lines were
produced, looking something like lines with rongh ripples in
them. These ripples I shall refer to when speaking of the
amplitude of the shock (see Fig. 11 in the Appendix).

About 80 seconds after the shock this pendulum was
swinging violently on a 40° W. of N.

From the various observations here recorded it wonld
seem that in Tokio as in Yokohama, there had been two
shocks, one of which was almost at right angles to the other;
this is evidenced by Palmieri’s instrument, by the Cacciatore
and one of the long pendulums, and by the manner in which
water was observed to splash out of wash-hand basins.’

The former of these shocks seems to have been some-
where near N.N.W. and the latter about N.N.E. or N.1.

Rorarion or Heavy Bobigs.

Of all the phenomena which were brought before us
during the last earthquake, the most interesting, perhaps,
was the manner in which many heavy bodies like chimneys,
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iron safes, and, above all, the monuments in the cemetery
had been twisted or rotated.

[Tpon the bluff more or less turning was experienced
by about half the chimneys. In some cases a chimney
appeared as if it had been cut off just above the roof, and
then rotated through about 20° or 30° so that the corners of
the part which had been moved, rested on the middle of the
edges of the portion which remained fixed.

The extent of this movement may be judged of by the
fact that in many instances it appears to have so far stopped
up the appertures of the chlmneys, that it became impos-
sible to light fires.

One gentleman, whom I met, overcame this difficulty by
fastening levers to the twisted portion of the chimney, and
employing men to turn it back again. In this particular
instance the chimney may be said to have been only broken
across at one point, and its component parts were so strongly
bound together that the upper portion of the chimney could
be twisted as a whole. In most cases, however, the cement-
ing material joining the bricks or stones together was so
weak that instead of the upper portion of the chimney being
turned as a whole it was shattered into several parts, and
although these themselves may have twisted more or less,
the general phenomena of rotation was to the casual observer
less pronounced.

One correspondent writes me that his chimneys were
twisted from west to east. Another says the chimneys of
two houses were turned through about 20° against the hands
of a watch, or from north towards west. Another says his
chimneys were twisted 8° in a manner similar to the last
mentioned. Another had his chimneys which were oblong
in section twisted from N.E. 1 N. against the sun, that is
to say in the same direction as the hands of a watch move.

A fifth correspondent speaks of statuettes upon a shelf
being turned from the east to the south.

Another gentleman writing in more general terms des-
cribed the motion of the earthquake as being three-cornered,
which observation he remarks appears to be confirmed by
the twisting of chimneys and gravestones ; many of the latter
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being twisted 20° against the hands of a watch. Letters
which I received from several others spoke of like pheno-
mena. One gentleman, with whom I conversed, told me
how a pack of cards which had been left upon the edge of
a sideboard, was found after the earthquake scattered on
the floor in an arc like form, as regularly as if they had been
dealt out to players. This seemed to him to indicate that
there might possibly have been a circular motion in the
shock. It, however, seems possible that the cards may per-
haps have been piled somewhat askew, under which circum-
stances a rectilinear shock might equally well explain such
a phenomenon.

Besides these observations which seemed to many to
indicate a circular motion having taken place, remarks bear-
ing on the same point will be found where I speak of the
nature of the movement.

At one house which I visited, I saw a chimney the face
of which would originally have been parallel to an E.S.E.
and W.N.W. line, turned against the hands of a watch
until the same face would be about S.E. and N.W. At the
same house I was shown a heavy iron safe, standing in a
position similar to the chimney, which also had received a
movement which was almost exactly similar. At another
house I saw a chimney the front of which was originally N.
and S. turned against the hands of a watch until the same
face was paralled to a N.W. and S.E. line.

On one house where there were a number of ridges
running in various directions, the tiles from these ridges
seemed in every case to have been thrown to the left-hand
side of the ridge as you looked up along it. On the same
house the chimneys were also twisied.

These examples may, perhaps, be sufficient to show
what was the general nature of this movement; other
examples are given where the damage done to buildings
is spoken of. From what I personally saw I am inclined
to think that at nearly every house which suffered at all,
some kind of an example could have been found indicative
of a rotary motion.
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RoraTioN oF GRAVE STONES.

The most striking examples of rotation, however, were
those which were, and I believe still are, to be seen in many
of the ‘grave yards. The best examples are in the foreign
cemetery where huge blocks of stone, some of which are 2 or
3 feet square and several feet in height, have been turned
through several degrees upon their pedestals. The appear-
ance presented by many of them, as for instance, a granite
obelisk mounted upon a high pedestal, in the upper part of
the foreign cemetery, and also two or three large triangular
pyramids standing near it, is very striking. Some stones
have simply twisted on their centres, whilst others in addi-
tion to their rotation have been shifted laterally. It would
appear as if a daucing motion had been set up amongst the
stones.

As these movements were so noticeable and at the same
time so definite, I made a number of visits to the European
cemetery in Yokohama and to cemeteries in other places for
the purpose of examining, as closely as possible the conditions
under which they had taken place. The general appearance
of the obelisk just referred to is shown in fig. 1. In fig. 2
another stone is shown. The position which these stones
occupy in the cemetery will be seen by reference to the plan
fig. 3. My attention was chiefly devoted to what I saw in
the European cemetery because it was only there that I could
with certainty depena upon the movements which had taken
place baving being produced by the earthquake. In Japanese
cemeteries stones are to be found inclined in all directions,
whilst near the pathways sometimes every other one has been
overturned. This overturning of tomb-stones is especially
noticeable in the large and beautiful cemetery of Atago-yama
in Tokio, where almost every stone standing near a pathway
which could be moved by one or two men has been knocked
over. The priests, who have charge of the cemetery,
attributed it to mischievous visitors, and made especial
reference to the soldiers.

In the European cemetery at Yokohama, however, the
conditions ave different, and I think we are quite safe in
assuming that every stone until the time of the earthquake
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occupied the same position as it did at the time when it was
first put up. Not only do reasons like these make the
Europesn cemetery a better field for observation than a
Japanese cemetery, but I might add that in the former the
various stones are cut with more regularity and are altogether
more definite both in their shape, and in their position, than
many of the stones we find in other cemeteries.

For these reasons when making deductions from these
observations I shall lay more stress upon the observations
made in the European cemetery in Yokobama than upon
those in any other.

I. OsservatioNs 1N THE Forerey CEMETERY AT YOKOHAMA.

The Yokohama cemetery is situated partly on the
bottom, partly on the side and partly on the top of a steep
bluff about 100 feet in height overlooking the town in a
northerly direction.

The portions of the cemetery where movements appeared
to have taken place were those which are at the highest
elevation, and at the same time are situated near the edge of
the bluff. In places such as these, almost every stone had
suffered more or less movement, whilst at lower levels and
also at places distant from the scarp, although stones exactly
similar to the moved ones were to be seen, no movement
could be detected. .

The first observations which are given in the following
tables were made in the French portion of the cemetery, (see
fig. 3) which is well marked by a tall granite obelisk and three
stones, which in shape are triangular pyramids.

Wiy iy,

Scale 1 in.==48 ft.
(Fig. 3.)
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On the north-west and the south sides it is bounded by
steep scarps. The stones which in most cases are a decom-
posed andesite or else a hardened tuff having a specific
gravity of 2.3 are arranged in parallel rows running from
64° W. of N. to 64° E. of S.

Altogether in this portion of the cemetery there are
thirteen such rows, the first row being the one parallel and
nearest to a small descent in the ground upon the north-
west side of the cemetery.

In fig. 3 these rows are shown by dotted lines. In the
tables the stones are numbered consecutively in each case com
at the north-western end of the row.

The position of each stone relatively to the compass is
indicated by one of its sides being so many degrees to the
E. of N. The new position of a stone is indicated in a similar
manner. The difference in degrees between these two posi-
tions gives the amount of rotation. The direction of rotation
is indicated by the signs —}- or —, the former of these meaning
rotation in a direction corresponding to the motion of the
hands of a watch, or positive rotation, and the latter meaning
motion in an opposite direction or negative rotation. The
dimensions of the stones are given in inches, the length and
breadth of the cross section being given first and the height
afterwards.

The other notes made upon the moved stones the records
of which are contained in the following table, will probably
hardly need any explanation.
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In the lower portion of the cemetery no disturbance was
observed to have taken place. In the upper portions of the
cemetery which are situated far away from steep slopes,
except in the position of one stone it was also remarked that
no disturbance had taken place. This stone was a Greck
cross with a heavy head about four feet high, its cross section
being & in. X 10 in. Or account of its base being set in another
stone it fell to the S. W. (24). In Fig. 4, plans drawn to
scale of the first and ninth stone in the first row and of the
third stone in the fifth row are shown. The original position
is given by dotted lines.

L 1. Lo

V..
Fig. 4.

1I. SourHERN EXTREMITY OF CEMETERY.

This portion of the cemetery is like the portion just
described, namely, a spur with steep sloping sides projecting
out from the main hill.

The only stones which are at all noticeable are three

large monuments of which the two following are moved.

E, of N.
. Rectangular block shifted an
No. ° 4 o X ngu.
0, of observation 25 77 12 or 29 + 15X7X5]1 - inch or two tothe N.and W,
26 167° 162° 5° ~— 24%24X70, . Rectangular block.

”» % »

IIL. Jaranese CEMBTERY (west end of bluff.)
27 & 28.—This cemetery like the others is situated on
the edge of a steep slope.
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Here fourteen stones appeared to have had a slight
negative twist and two a positive twist.

The general direction of the long side of one of these
stones, which are all rectangular prisms, is 15° E. of N.

IV. Jaranese CeMETERY (east end bluff.)

This cemetery is on the left side of the road leading
up camp hill. Like the others it is situated on the top of a
hill faced with steep scarps.

The stones are rectangular prisms standing on stone
bases (29.)

One stone measured 13" x 13” and was 4 feet in height;
it was twisted negatively thromgh 15°. Its new position
being 139° E. of N. turning as if eventually to be East
and West.

Altogether in this cemetery fifteen stones which had
been moved were observed (30.)

Nine of these bad a negative twist and six of them a
positive twist. ‘

V. Arzawa CeuMETERY (west end of bluff.)

This cemetery which is one of the largest near Yoko-
hama, is situate near the head of a gently sloping valley.
Going up the valley it lies upon the right-hand side. The
graves are nearly all of them situated upon the slope of a
hill. This slope is not sufficiently great that we should
expect any great disturbance to have taken place.

Altogether amongst many hundreds of stones I only
saw eleven stones which had been twisted and the move-
ments were in all cases extremely slight.

Six of these stones had a positive twist and six a
negative twist (31.)

‘VI. HoMokU (a small cemetery near the sea.)

Two stones were observed to have twisted positively
from 280° to 284° (883).
Another stone was turned in the same direction from 3°

to 6° (34).
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VII. Honoku (a cemetery on the side of a hill.)

One stone was seen to have tarned negatively from 247°
to 233° (85) whilst another had turned about the same
amount positively. This latter, however, seemed to have
been twisted many years ago. Farther on two stones had a
slight negative twist until one of their sides bore 131° E. of
N. (86).- Another stone, turned positively, bore 145° (87).
Most of the stones run in lines 135°, that i3, from N.W., to
S.E. and they are not twisted.

The priest living  here thought that the shock came
from N.E. to S.W.

VIIL NrGisEL—Ab a small cemetery on a hill near this
place the following observations were made : —

(38) Stone turned from 360° to  3° direction of motion positive.

39) ., 2 360° to 350° » negative.
(40) ., » 269° to 262° ,, » »
4) . 51 335° to 325° » " »

Number 40 was moved S.S.W. up a sloping base, and
number 41 had been moved or shaken back to the W.S. W,

IX. Hoee’s Inter.—Near this place on the west side of
the valley, a stone was turned positively from 314° to 830°
(44). On the east side of the valley there is a cemetery
situated on low ground. Here the stones have not suffered
any motion.

X. Treary Poinr.—Here is a temple at the entrance to
which there are two stone dogs. One of these dogs has been
twisted positively from 123° to 126° (46), and the other one
negatively from 123° to 118°. This latter dog, however, is
broken and has probably been put in the twisted position in
which we now see it.

EXPLANATION OF THE Rorarion.

From the observations which have now been given, I
think it will be admitted that the rotation of bodies was a
phenomenon of common occurrence during the time of the
earthquake. The question now before us is to determine how
this motion was brought about.

Ir many earthquakes similar phenomens have been
observed and explanations have been given. Mallet, in his
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account of the Neapolitan earthquakes, makes especial re.
ference to them.

One of the most natural and at the same time most
simple explanation is to suppose that during the shock there
had been a twisting, or back and forth screw like motion in
the ground. Amongst the Italians and the Mexicans earth-
quakes producing an effect like this are spoken of as
“vorticosi.” Where I describe the nature of the motion of
the earthquake it will be seen that several observers appear
to have detected such a motion, and what is more, regard
the twistings they subsequently observed to have taken place
as confirmatory of their impressions. In the Calabrian earth,
quake not only were bodies like obelisks twisted on their
bases but straight rows of trees seem to have been left in
interrupted zigzags. These latter phenomena have been ex-
plained upon the assumption of the interference of direct
waves and reflected waves, the consequence of which being-
that points in close proximity might be caused to move in
opposite directions. Reflections such as these would be
most likely to occur near to the junction of strata of different
elasticity, and it may be remarked that it is often near such
places that much twisting has been observed.

Another way in which it is possible for twisting to have
taken place would be by the interference of the normal and
the transverse waves which probably always exist in an
earthquake shock, or by the meeting of the parts of the
normal wave itself, one having travelled in a direct line from
the origin whilst the other, travelling through variable
material, has had its direction changed.

Mr. Mallet, however, has shown that the rotation may

have been in many cases brought about without the supposi-
tion of any actual twisting motion of the earth,—a simple
backward and forward motion being quite sufficient. If one
block of stone rests upon another, and the two are shaken
backwards and forwards in a straight line, and if the vertical
through the centre of gravity of the upper block does not
coincide with the point where there is the greatest friction
between the blocks, rotation must take place. If the vertical
through the centre of gravity falls on one side of the centre -
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of friction the rotation would be in one direction, whilst if
on the other side the rotation would be in the opposite
direction.

In the earthquake with which we have to deal, although
the above explanation is simple, and also in many cases-
probably true, it hardly appears sufficient to account for all
the phenomena observed. .

If the stones in the Yokohama cemetery had been twisted
in consequence of the cause suggested by Mr. Mallet, we
should most certainly have found that some stones had
turned in one direction whilst others had been twisted in
another. On looking at the actual state of things, however,
it will be seen that every stone,—the stones being in parallel
lines I may remark,—has revolved in the same direction,
namely in a direction opposite to that of the hands of a
watbch.

As it wonid seem highly improbable that the centre of
greatest friction in all these stones of different sizes and
shapes should have been at the same side of their centres of
gravity, an effect like this would be explained by the conjoint
action of two successive shocks, the direction of one being
transverse to the other.

Although fully recognizing the sufficiency of two trans-
verse shocks to produce the effects which have been observed
in Yokohama, I will offer an explanation of this phenomenon
which was first suggested to me by my colleague Mr. Gray,
which appears to be simpler than any with which I am
acquainted.

S
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If any columnar-like object, for example a prism of
which the basal section is represented by A B C D (see
fig. 5) receives a shock at right angles to B C, there
will be a tendency for the inertia of the body to cause
it to overturn on the edge B C. If the shock were at
right angles to D C, the tendency would be to overturn on
the edge D C. If the shock were in the direction of the
diagonal C A, the tendency would be to overturn on the
point C. Let us, however, now suppose the impulse to be
in some direction like B @, where G is the centre of gravity
of the body. For simplicity we may imagine the overturning
effect to be an impulse given through G in an opposite
direction, that is in the directioe G E. This force will tend
to tip or make the body bear heavily on C, and at the same
time to whirl round C as an axis, the direction of turn being
in the direction of the hands of a watch, If, however, the
direction of impulse had been E' G, then, although the turning
would still have been round C, the direction would have been
opposite to that of the hands of a watch.

To put these statements in another form, imagine G E'
to be resolved into two componeuts, one of them along G C
and the other at right angles, G ¥. Here the component of the
direction G C tends to make the body tip on C, whilst the
other component along G F, causes revolution.

Similarly G E may be resolved into its two components
G C and G F', the latter being the one tending to cause
revolution. »

From this we see that if a body has a rectangular section
so long as it is acted upon by a shock which is parallel to its
sides or to its diagonals, there ought not to be any revolution.
If we divide our section A B C D up into eight divisions by
lines running through these directions, we shall see that any
shock the direction of which passes through any of the octants
which are shaded, will cause a positive revolution in the
body ; that is to say, a revolution corresponding in its diree-
tion to that of the movements of the hands of a watch:
whilst if its direction passes through any of the remaining
octants the revolution will be negative or opposite to that of
the hands of a watch.
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From the direction in which any given stone has turned,
we can therefore give two sets of limits between one of which
the shock must have come.

Farther it will be observed that the tendency of the
turning is to bring a stone, like the one we are discussing,

broadside on to the shock; therefore, if a stone with a rec-
'~ tangular cross section has turned sufficiently, the direction of
a shock will be parallel to one of its faces, but if it has not
turned sufficiently it will be more nearly parallel to its faces
in their new position than it was to its faces when in their
original position.

If a stone receives a shock nearly parallel with its
diagonal, on account of its unstability it may turn either
positively or negatively. ‘

Similarly, if a stone receives a shock parallel to one of '
its faces, the twisting may be either positive or negative ; but
the probability is that it would only turn slightly; whereas
in the former case, where the shock was nearly parallel to a
diagonal, the turning would probably be great.

Proceeding in. this way I might discuss the various
phenomena which groups of twisted stones might present.
The effects produced by shocks upon stones of different
shapes might also be treated, but as such problems are so
numerous, and at the same time the solutions of them are
apparently so simple, I will at once proceed to the discussion
of the actual phenomena of votation which have already been
observed.

The direction of the shock as deduced by observations
made npon the rotation of stones at and about Yokohama
have been plotted in Fig. 6. These directions are indicated
by short radial lines placed in a series of concentric circles.
These circles are ten in number and the lines they contain
represent observations made at ten different localities. Each
of these circles is marked with a Roman numeral corres-
ponding to the numeral in the record of the observations.

DIRECTION OF SHOCK AS INDICATED BY ROTATION AT YOXOHAMA.

Cirere I (Yokohama foreign cemetery). The straight
lines indicate the directions of the faces of a number of
rectangular stones in their new positions after having been
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twisted. The divections in which these stones have turned
or were turning in order to assume this position, that is, to
become broad side on to the shock, is indicated by a small
arrow. From these observations it would seem that the
shock may have been nearly E.and W. In all observations
like these it may be remarked that the shock might have
been exactly at right angles to this direction.

Besides these directions, there are four broken lines A A
and B B which are limits of the direction in which a shock
muost have come to have given the direction of turning which
was observed, this direction being in every case a negative
one.

Amongst these observations five dotted lines will be seen.
These lines indicate the direction in which certain columns
have been canted. In all cases this canting was very slight,
and Mr. Snow, who accompanied me when making these
observations, seemed to think it doubtful whether these
movements had been made by the earthquake or mnot. On
the diagram all the observations are accompanied by a small
number so that they can each be refcrred, either to my tables
of observations or by help of the plan, to the actual stones
themselves.

The last mentioned observations have been placed in this
table for convenience in making reference. Strictly speak-
ing they ought to have been included amongst the observa-
tions on direction already spoken of.

Crrere IT. (Southern extremity of the European ceme-
tery).—Here the only two observations which have been
made, when taken conjointly, seem to indicate an east and
west direction.

O1rore III. (Japanese cemetery, west end of the bluff).
—From the position of the stones in this cemetery it would
seem that the sbock must have been 15° B. of N, or 15° S.
of E. The latter is the direction which is indicated by
97. As limiting directions which could produce a negative
rotation the shock must have been either between 15° K. of
N. and about 30° W. of N. or else between 15° S. of E. and
about 30° N. of E. The latter is indicated by 28, 28.
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CiroLe IV. (Japanese cemetery east end of the bluff.)—
The direction as given by one stone is numbered 29.

Altogether in this cemetery 1 counted six stones which
had been twisted positively and nine which had been twisted
negatively. )

Assuming that this difference in direction of turning was
due to slight difference in position, the shock must here have
been either mnearly parallel to the sides of such stones, or to
the diagonals of their cross section.

As, however, the angles of turning is in all cases very
small, seldom, perhaps, exceeding 3 or 4 degrees, it is more
probable that the shock was parallel to the former of these
directions. As these stones are in parallel lines running 573°
E. of N., the shock was probably either in a direction 573°
E. of N. or else 1473° E. of N. (see 30-30).

CircLe V. (Aizawa cemetery).— Reasoning as in the last
case it would seem that because the sides of these stones are
283° E. of N., that the shock had been either in a direction
283° B. of N, or else 193° B. of N. (see 31.) Here, however,
the gate-keeper pointed out two large stones standing on
pedestals which had been moved #; in. to the S.H. (see 32.)

Circre VI. (Homoku cemetery, near the sea).
Cirene VIL (Homoku cemetery, on a hill).
Circre VI1II. (Negishi cemetery, on a hill).
Circre IX. (Hope’s Inlet).

CircrLe X. (Treaty Point).

The directions which have been plotted for these last five
localities will be understood by reference to the observations
made at the localities themselves, and from what has been
said about the previous observations,

Of all these observations those which can be most relied
upon are those made in the Huropean cemetery. In the other
cemeteries it is quite possible that deductions may have been
made from observations upon stones which have been twisted
by causes other than the earthquake. Nevertheless, even
admitting that such may be the case, the probabilities are
that the observations made upon stones which were twisted
by the earthquake will greatly exceed all the others, and
therefore the general result ought to point towards the truth.
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From inspection of the diagram Fig. 6 it would seem then,
that the directions of the shock at the ten localities under
discussion were about as follows :

At No. I. about......... E. and W.

[N 1) 1L 39 eeeesines » 2

’” ” IIT. 39 teeseneen 3] ) 39

w o IV o S.W.or NNW.
2 N.N.W. or NNW,

s o VYL N.N.W.

w s VIL N.W.or W.

w g VIIL - ... N.N.W. or W.S.W.
s 9 IX. L, eeeeenns N.N.W.

w o Koy eeeeeenn N.W.

Speaking still more generally, by an inspec- tion of these
results we might say that the shock at and abont Yokohama
was, as inferred from the rotary movements of grave stones,
about E. and W. or E.S.H. to W.N.W.

In making this statement we purposely make it broad
because at every different locality we should expect to find a
difference in direction of the shock.

By a careful analysis of the different directions which
have been observed for different places it would have been
easy to have given a definite statement as to the direction.
Ag this resultant direction, however, would have varied with
the number of observations recorded, rather than attempting
to show a result which would have an appearance of being
absolutely accurate, I have preferred to indicate the impos-
sibility of obtaining such a result by the adoption of the above
method.

In concluding this part of the subject I may remark that
several other cemeteries besides those mentioned were visited,
but as the phenomena of rotation were not observed in any of
them they have been omitted. Farther I may add that it was
only in those cemeteries situated on or near to the edge of bluffs
that a twisting movement was at all marked. Although move-
ments were so pronounced and definite in the upper parts of
the Yokohama foreign cemetery, in the lower portion, al-
though stones similar to those at higher levels were examined,
the fagt that motion had taken place could not be detected.
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XI. Toxkro.

In Tokio the only examples of rotation. which T have
met with were those in the grave yard upon the top of Atago-
yama. Here there is a very large cemetery containing many
stones which, both from their appearance and the dates upon
them, are very old. Many of these stones have been over
turned by mischievous visitors. A number of them, however,
were slightly twisted, and as the marks of twisting were fresh
and it is not the habit of mischievous persons to try and tarn
heavy stones standing upon pedestals, I accepted these as
being the work of the earthquake. Farther I may remark
that these twisted stones are only situated on the edges of
steep scarps and in positions similar to those of the stones
which were twisted in the Yokohama cemetery; this I take
as farther evidence that the examples of rotation, which I
have noted, were really the work of the earthquake.

The hill on which this cemetery is situated is in reality a
long ridge, on both sides of which there are steep scarps 90
to 100 feet in height. The strike of the ridge is from about
N. to S. Nearly every stone which has been twisted is
situated on the edge or else very near to the edge of one of
the scarps.

I omit my observations on a few of the very large stones,
which from the absence of any marks shewing their old
position and also from their size I cannot imagine to have
been twisted during the last shock. These measnrements are
given in degrees East of North.

1. 205 to 212 twist positive. Not considered in calculation.
2. 188 to 195 s

8. 200 to 190 negative.

4. 208 to 200 s Lateral shift to the North.
5. 195 to 190 negative

6. 200 to 195 positive.

7. 203 to 198 35

8. 185 to 195 5

9. 95 to 105 »

10. 185 to 195 3
11. 182 to 190 s

12. 192 to 202 "

13. 190 to 205 2

14. 185 to 175 negative,
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All the stones which have been spoken of ave rectangnlar
parallelopipeds, the average dimensions of which will be a
little less than those which were measured at Yokohama.

In Fig. 6.—Circle XI., the directions which these revolu-
tions give are indicated in the same manner as those of the
similar observations made in Yokohama.

As a general result it would seem that the shock was
either about N.N.W. or N.

V. EXTENT OF THE SHOCK.

Hitherto nearly all that has been said about the shock
has been based on information derived in or near to Tokio
and Yokohama. At these two places the effects were pro-
bably as severe as they were at any other places, and on
account of their containing many European buildings they
were certainly the best marked. In the country although the
motion seems to have been strong enough to throw water out
of half filled buckets and to cause lamps to swing threugh an
arc of two feet, owing to the flexibility of the houses little or
no permanent damage was experienced. In consequence of
this and from the fact that the earthquake occurred in the
middle of the night, although numerous enquiries have been
made, it was very seldom that any thing beyond the record
that a severe shaking had taken place could be obtained.
From observations which have been made upon this last
earthquake, I feel that even if it had been as strong as that
which devastated the Neapolitan districts in 1857, from the
nature of the Japanese constructions it would have been a
difficult matter to obtain information which would be given
under similar circumstances by the shattered aspect of a
European building. The best information which can be
obtained appears to be that which is offered by the effects
produced amongst the stones of grave yards. As, however,
the monuments in the greater number of grave yards are
already in a state of ruin, chiefly owing to the work of
mischievous visitors, in sorting out the stones which have
been overturned or twisted by the earthquake it would be
necessary to exercise considerable judgment. Also, as the
nature of the measurements which have to be made need both
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care and time this information could not be obtained with
any degree of certainty by means of a letter ; and in Japan it
would be a necessity that the place should be visited by a
person to some extent accustomed to the making of scientific
observations.

In some cases the reports which have been received from
different localities, for help in obtaining which my best thanks
are due to my asssitant Mr. Toshiwo Nakano, may perhaps be
founded on the experiences of a single individual. If this
has been the case we must remember that what has been
reported as a slight shock might by another observer have
been spoken of as being very severe. Similarly at places
distant from the origin one writer might report a slight shock
whilst another might say that no shock was felt.

That this has actually been the case will be seen by a
reference to those places from which I have been fortunate
enough to obtain several records.

Thus for instance one record from Maibashi says that
the shock was not felt at all, whilst another says it was felt
slightly. Again, one cecord from Uyeda simply states that
there had been a shock ; another says it was a slight shock,
whilst a third speaks of it as having been severe.

The relative intensity of the shock at different places
has been indicated upon the map which accompanies this
paper, but from what has just been said it will be seen that it
will not be advisable to place too much reliance mpon such
indications.

The times which are given for the occurrence of the
shock are, as might naturally be expected, considerably at
variance. Some of them, as for instance those in Ise, are so
far away from the time as recorded in Tokio that I am
inclined to think that it was not the shock which we are
considering which these observers wrote about, but a
shock that happened to occur about the same time.—This
view is strengthened when we see that they seem to indicate
a shock which was stronger or as strong as that which was
felt at places situnated much nearer to and between them and
the origin.
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The records which indicate to us the area over which
the shock was felt are as follows.

They were chiefly collected by writing letters to the
different ken, by letters sent to priva#s friends, by communi-
cations received from persons who hippened to be travelling
in the country at the time, and from a few notes which I
gathered together during a journey I made shortly after the
shock along the Tokaido the translations of the letters are as
literally as possible.

IwasHIRO.

1. Dategori.—After close enquiry it is not clear whether
there was ashock or not. , ‘

2. Twasegors, Sukagawa.—It was very strong in this
district ; such shocks are rare in modern times. The old
people say that “because this district is very mountainous,
“strong earthquakes do not occur, and even in the year of
“ Ausei, none of the buildings were broken. We think that
“ this shock corresponds to that of Ansei.”

3. Aidzugori, Wakamatsu.—No one remembers the inten-

Bity of the said shock.

4. Nishi Shirakawagori.—In this district, it shook very
slightly a little before 1 a.m. on the day referred to. Some
people knew about it ; others did not know. We think it was
not particularly strong:

5. Wufagort & Namekatagori, Nakamura.—In this dis-
trict, it shook very slightly. It was so weak that the people,
who slept soundly, did not feel it.

6. Kikutagori, Iwamayagori, & Iwakigori.—There was a
shaking about 1 a.m. on the 22nd Feb. It was not very

strong.
YecHIGO.

s
{

, 7. Iwafunegori, Murakami—Not felt.
8. Nuitgata.—1. In this district, the shock was very

() slight. We can not spsak definitely about it. 2. Nob felt.

3. Not felt at all.

9. Koshigors, Nagaoka,é—ln this district, it shook very
slightly about 12 p.m. on the night, of the 21st of February
(22nd ?). Only a few people knew about it. 'We have no
machine ; therefore can not give any details.
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10. Naka-Wuw07zWagori, Tokamachi.—In this district,
- the shock was very slight. Many people did not know
about it. :

11. Naka Kubikigori.—After close enquiry no one can
tell us anything about ib. If felt, it must have been feeble:

KorsukE.

12. Adwumagori, Nakajo.—In our district, at about the
same hour and during the same night you have mentioned
an earthquake occurred. It continued for about 25 or 26
seconds. It was, at first, wealk, but at the end, strong.
There have been but few shocks in modern times. All places
in this district felt the same.

13. Maibashi.—1. Felt but slightly. The volcano Asama
has not rumbled more than usnal. The people here all said
that the newspaper report about the threatened outbreak of
Asama was unfounded. 2. Not felt.

14. Tonegoﬂ', Takasaki~1. In our district, it was weak.
It felt like the shaking of the house during a storm. The
intensity of the earthquake cannot be ascertained without
instruments. 2. Severe shock at 1 a.m.

SHIMOTSUKE.

15. Nasugori, Odawara.—1. Not certain. 2. The earth-
quake was about midnight. As it is now some time ago we
can not tell much about it. . o

16. Shiwoyagori, Yaita.—1. Slight shocks. 2. We have
not yet a seismometer at this office. Therefore we can nob
ascertain the intensity of the shock. We felt it very slightly
at about the time you mentioned. :

17. Uisunomiya.—Severe shock about 1 a.m.

18. Tsukagori and Samukawagors, Tochigi.—In our dis-
trict it was not so strong. As it was in the night, there
were seme who did not know about it. We think it shook
for 20 or 30 seconds.

HiracHL

19. Tagagori, Tukahagi.—In this district, it shook very
little, but we can not tell you the exact time,
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20. Nakagori, Sugaya.—In this distriet it shook pretty
severely, but we have no means by which to ascertain the
strength or the time of the shaking.

21. Makabegori, Kita Somagors.—1., In this district, it
shook go ‘slightly, that those who slept soundly did not feel
it. 2. As in this district we are without instruments,
we can not say anything about the nature of the shock, but
a slight earthquake occurred at about the time mentioned.
3. Severe shocks.

22. Kashimagori, Hokoda.—It shook all over the district,
but its strength can not be ascertained. It is thought that it
was not remarkably severe.

SHiMOSA.

. 23. Wunakamigors, Ohosi.—For about one minute be-
tween 8 and .9 minutes past 1 a.m., it shook, but it was
not particularly strong. A loud sound was heard.

24, Narita (sheep farm).—Felt severely.

25. Hamugort, Inbagori, and Somagori.—As we are with-
out earthquake machines, we can not ascertain the strength
of shocks, but they are very rare. The people were surprised
and ran out of doors. No person or animal was wounded,
and no house was broken. It was severe.

Kapzusa.

26. Yamabegori and Musagori.—In "this place ‘it was
strong, but not so violent as to shake down either the build-
ings or the trees. As it occurred during the night and we
are without instruments, the strength and the direction &e.
are not known.

27. Isumigori, Katsura and Ohara.—The fishermen did
not observe any disturbance in the water.

28. Bodagori, Kisaradsu-mura and Adsumamura.—In this
district, it shook three times at about 1 a.m. on the 22nd day,
of the 2nd month. The strength.of the shaking is ‘not
known. Neither houses nor furniture were destroyed nor were
they turned over. The sailors and fishermen did not know
about i,
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Awa.

30. Asahinagori, Ohkawa. + There were no fishermen out
31. He-gori, Katsuyama. ] at the time when the shock

4 took place so we are unable to get any information.

29. Asahinagori, Wada. }

32. Nagasagori, Mayebara—There were no fishermen
out, so that we can not obtain any information.

33. Taira-gori, Asahina-gori, Nagasa-gori—Very severe
shocks were felt but we do not think that they were o severe
as the one felt at 7 a.m. on the 8rd of December. A bucket
which was nearly full of water splashed out about three
tenths of its contents.

84. Taira-gori, Kackiyama-mura.—It shook’ pretty se-
verely for rather a long time. It was, however, thought to be
somewhat weaker than the shock felt about 7 a.m. at the

beginning of the 12th month of last year. On. that night, -

there were no fishermen on the sea, and therefore nothing is
known about the effects which might have been felt there.

35. Nagasagori, Mayebara-machi.—1t shook for about one

minute ; the strength of it was for modern times quite ex-
ceptional. There was no injury done to the houses. As at

that time there were no fisherman on the sea, nothing is

known about effects which might have been felt there.

. Musasgl.

36. Chichibu-gori, Omiya. — In this distriet it shook
severely at about 50 minutes past 12 on the night referred
to, but we can not ascertain its strength, &c. Barthquakes
have been very rare in modern times. L

87. Hachioji.—Felt severely. 3o

38. Kuraki-gori, Kanagawa.—Not felt (?) a7

39. Kuraki-gori, Kanagawa.— In this district, houses

were not seriously damaged. Some of the walls were a little
. broken. The fishermn do not remember feeling it.

i Sacam.

40. Yokosuka.—Two time pieces stopped at 12h 57"
p.m., on the 22nd February. A watch shewed 1t 2/ 0" p.m,
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The shock appeared to be from E.S.E. to W.N.W. No
damage to the house. The shaking was severe.

41. Uraga.~~The fishing boats did not feel any distur-
bance.

42. Mameko.—Tho fishing boats were not affected.

43. Yose.—This place is on the Koshiukaido about 15 ri

from Tokio. The shock felt like a series of short rapid jerks

followed by a jump or two.

44, Atsugi—This is a large town between Tokio and
Oyama. A large stone lantern was overturned and the ruins
now lie at the N.E. corner of the pedestal.

45, Odawara.—Sharp shock.

46. Hakone.—~—Felt severely. On one of the mountains
between Hakone and Atami a stone looking like a mill stone,"
12 ihches’square in section has been turned against the hands
of & watch and moved 2 inches towards the east. v

47, Kita Surugori, Ohara.—In this office, instruments
have not yet been prepared, and we can not give exact
particulars about the shock. Ea1~bhquakes have been rare in
modern times, since the great earthquake in the period
Angel (1854-1858). The shock you speak of was severe.

48. Miuragori, Uragamaechi.—In this district, it shook
for about one minute, and those who were asleep were
awakened. It was not so strong that we ran out of doors.
Neither was water thrown cut of flower-vases, nor were
bottles thrown down from shelves. No part of the honse, or
other buildings were destroyed. Neither the sailors nor the
ships in the port, nor the fishermen out in their boats knew

about it.
SHINANO.

49. Kita Saku-gori, Iwamurata.—In this district, it began
to shake from the east, at 30 minutes past 12 on the night
mentioned, and it continued for 2 minutes. As we are with-
out instruments the strength of it can not be ascertained.
However it was not strong enough to destroy or alter either
the mountians, rivers or even the houses. As the observa-
tions in Minami Sakugori were just the same as our’s they
do not send any report, ‘
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.50. Uyeda.—1. Shock felt at 11t 0' 40" p.m. the day
before yesterday ; it lasted 2 seconds. (A telegram without
date.) 2. The shock was severe. It happened at 122 50’ 0"
am. 3. In this district, it shook slightly at about 1 a.m. on
the 25th -day (22nd ?) of the 2nd month, and it continued
for about 45 or 46 seconds. Many of us did not know about
it, but we were told this by those who live in Uyeda.

51, Kami Minochi-gori, Nagano.—On the day mentioned
wo had neither rain nor wind, and it was very clear weather.
Suddenly at about 10 minutes to 1 it began to shake very
slightiy, the motion being from the north-east. There was a

noise like far distant thunder. Many persons did not wake. .

The furniture in the house did not creak or rattle. The
shaking continued for about 1 minute.

52. Shimo Ina-gori.—In this district, it shook between
30 and 40 minutes past 1 a.m. As compared with the
length of the time, it was not so violent. Strong and long
shakings have been very rare in modern times. Nothing was
destroyed.

53. Suwa-gori, Kami-Suwa.~In this district, it shook
about 1 a.m. on the night mentioned. It was stronger than
earthquakes usually are. Some people ran out of doors, but
it was fortunate that nothing was destroyed.

54. Higashi Tsukuma-gori—In this district, it shook
greatly at about 50 minutes past 12 p.m. It continued for
about 10 minutes. At one time we thought of running out
of doors. It was very fortunate that nothing was destroyed.

Kar

55. Kita Komagori, Nirasaki.—In this district, instru-

ments have not as yet been prepared, and therefore we can

not ascertain parbicnlars about shocks. Those who slept
soundly were awakened by the one you mention. A hanging
lamp was swung about one shaku, (1 ft.) right and left.

56. Kofu.—The most severe shock since 1876, It
appeared to come from the south. Some of the people ran
out of their houses.

Ipzu.

57. Kimisawagori and Tagatagori.—In this distriet, it

shook about the time mentioned but there were some who
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did not wake. Others however ran out of doors. . As we
have not an instrument, we can not tell you the strength
of it.

58. Kamogors and Nakagori, Shimoda.—In this district,
there was only a sound. It was then just 8 o'clock. The
strength, &c. of the shock is mot known, for we live in a
remote district and have no machine to measure shocks.

Suruea.

59. Numadsu.—Shock felt.

60. Fujigori, Yoshiwara.-~In this district, there are no
earthquake machines and therefore we do not know exactly
what may have been the strength of the shock. At the time
of the shock, a scholar was studying in a quiet room, where
a lamp was hanging down on a wire four shaku (4 {t.) long;
suddenly it began to shake, and it continued for about 10
minutes. The lamp was shaken each way 2 sun and five bus
(23 in.), first to the right and then to the left.

61. Wudogori and Abegors, Shidsuoka.—Felt slightly.

62. Shitagori, Fujiyeda.—In this district it shook a little
on the day mentioned, but it was not so strong as in Tokio.

ToroMmI.

63. Sanogort and Jologori, Kakegawa.~—At about 2 a.m.,
on the 22nd, a weak earthquake was felt from the north.
It continned for 12 or 18 seconds. Some persons did not
know about it. A roaring sound was heard.

64. Shikichi-gori, Hamamatsu.—1. In our district we
are without seismometers. Therefore we can not exactly
tell the strength or the direction of the shaking, but that
there was an earthquake I know by the shaking of the house.
2, A severe shock was felt about 11 p.m. The hotel people
thought that the house was falling.

Migawa.

65. Atsumi-gori, Toyohashi.—In this district, it shook
very slightly at about 10 minutes past 1 a.m., and afterwards
nothing happened. As we are without seismometers we can
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‘not give any definite information about it, but we think 11;‘ ~

must have been weak,
66. Hatzu-gori, Mishiwo.— In this district, it shook very
slightly at about the time mentioned ; as it was in the mght

many did not know about it. We think it was not very

severe.
IsE.

67. Toshi-gori and Iga-gori.—In this district, it did not
shake at the same time as in Tokio, but a very slight earth-
quake occurred at about 5 a.m, on the 23rd.

68. Iitaka-gori and Timo-gori.— In this district, the
shaking was so slight that many people did not know about
it. A

69. Watarai-gori, Yamada.—In this district, it shook
very slightly about 8 a.m. on the day mentioned, but most
people did not know about it.

- 70. Isshi-gori.—In this district, it shook about the time
mentioned but most people slept very soundly and did not
know abont it. Although a few knew, they did not run
out of doors.

, 71. Miye-gori, Yokkaichi.— In this district it shook
slightly about the time mentioned.

OwaR1.

72. Kaito-gors and Kaisei-gori.—In this district slight
shocks-were felt. ‘

78. Higashi Kasugai-gori—We can not tell you anything
about the shaking because it.was so very slight in this
distriet. » .

74. Nagoya.—A slight commotion was felt during the
night. Out of about 100 people examined only one or two
felt it. They all guessed at the time—some said it was at
at 11 p.m., others 11.30 p m., others 1 a.m. and others again
at 2 am

Two men who were awake gave the followmg parti-
culars :—

One said it was felt at 11,30 p.m. and lasted 10 seconds.
It was just sufficient to make the rings in some drawers
rattle. It was a horizontal, oscillatory sort of motion.

¢

J
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. The other living at Koromo, 15 ri from Nagoya, said
he felt it at 2 a.m. and that it lasted 5 or 6 seconds. The
direction was N.N.E. and S.8.E. Altogether the motion was
slight, and it gradually increased and then decreased.

Miro.

75. Atsumigori, Kakumugori and Katagata-gori, Gifu.—
In our office, we are without seismometers, and therefore
we can not tell either the extent or the strengbh of the
motion on the day you mention. '

76. Ohnogori, Masudagori & Yoshikigori.—In my district,
-at about 1 a.m., on the 22nd of the 2nd month, it shook for
1 second very slightly. After 2 or 8 seconds it shook again
for about 3 seconds more. It appeared to come from the
north-east, and every one was awakened. At this time a
Fahrenheit thermometer showed abous 28° and a barometer
stood at 29.38 inches.

77. Ohnogori and Ikedagori~A. few of the people who
live in the two kens, Ohno and Ikeda, that is, 8 ri east and
west, and 14 ri north and south from here, knew about it.
We can not ascertain the strength, the direction or the extent
of the motion. ,

78. Gujo-gori, Yawala,—Slight shock.

79. Yena-gori, Ohi-mura,—In my district, the shaking
was so slight that nine tenths of the people did not know
about it.

Omr.

80. Kaga-gori, Minakuchi.~In this district, a sound like
that of a cannon was suddenly heard at about 6 a.m., on

the 22nd of February. It continued for about 10 minutes,
and was rather strong.

o 81. Inukami-gori office.—In this d1sbucf it did not shake.
82, Ika-gori and Nishiasai-gori. — In this district, it
shook very slightly at the time mentioned.

)

Hipa.

83. Ohno, Takayama.—A little after 1 a.m. shocks came
/ from the N.E. lasting about 3 seconds.



51

Kaga.

84. Ishikawagori, Kanazawa.—In this district, it did not
shake at the time mentioned. At about 10 a.m., on the 9th of C}
March, it shook very slightly. - Many of the people did not
know about it.

YrrcHIU.

85. Kaminikawa, Toyama.—In this district no one seems )
to have felt it. -
- PrACES OUTSIDE THE LiMirs oF THE Map. o
86. Sendai—Nothing felt.

87. 8. 8. “ Wakanowra Maru,” twenty miles south of .

Shiriyasaki, did not feel it.
88. 8.8.¢ Genkai Maru,” between Navasakl and Shimo- ¢}

noseki, did not feel it. .
89. Kioto. Nothing felt. ()
90. Kobe. ’ ” c .
91. Nagasaki. ,, ’ )

The greater number of pla.ces which have been here
mentioned are indicated upon the accompanying map. On
the same map the chief mountfain ranges are also given. In
looking at these latter it must be remembered that in nearly
all cases accompanying the indicated range there are many
flanking ranges and projecting spurs. The range which
surrounds the origin of the shock that is to say, the moun-
tains bounding the provinces of Sagami, Musashi, and the
southern part of Kbtsuke and Shimotsuke, must have formed
a powerful ‘barrier against the spreading of the shock into
the countries which lie beyond. In most places the height
of this barrier will be from 3,000 to 5,000 feet but in places
it rises to- form peaks which are more than 8,000 feet in
height. The breadth of the barrier is variable but it will
probably be broadest in northern Kodzuke.

On the map the.severity with which the shock was felt
at different places has been indicated by the following
‘numbers :—

1 means a slight shock.
2 , , moderate,,
3 , , severe
? ,  that it is doubtful whether the shock was felt
or not.
0 ,  that the shock was not felt.
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Speaking generally the area indicated on the map is
that over which the shock was sensible.

The area over which it was felt somewhat severely is
bounded by the line dated Feb. 22nd 1880. This contour,
it will be remarked, is very irregular, spreading out like
two wings of unequal lengths, one running N.W. into
Shinano and the other running N.N.E. up to Shimodzuke
and Iwaki. That the earthquake should have been felt
severely for a greater distance in this latter northerly direc-
tion might have been anticipated from the contour of the
country.

In the north-west direction a shock would meet with
formidable barriers in the form of high hills placed at right
angles to its path, whilst in the northerly direction the hills
in the first place are comparatively low and in the second
place they are situate end on to the direction of propagation,
so that a shock could advance up the broad flat valleys which
lie between them. What is here said is based on the sup-
position that the shock originated near to Tokio or Yokohama
as seems to be indicated by the manner in which the shock
was felt at different points.

Comparing the indicated area with the areas over which
other earthquakes have been felt in Japan, we see that it is by
no means the smallest. On my map I have indicated the
extent of country over which the earthquakes of 1847 and
1855 were felt. These I have taken from the map given by
Dr. E. Naumann in his valuable paper ¢ Ueber Erdbeben
und Vulcanausbrueche tn Jopan.” (See Mittheilungen der
Deutschen Gesellschaft fiir Natur-uod Volkerkunde Osta-
siens, 15tes Heft). From what I have read of the 1855
shock, acconunts I have heard of it from persons who were
living at Tokio and Yokohama at the time it occurred, from
grave-stones which have been pointed out to me as having
been overturned by it, and buildings which were broken,
there is no doubt that it was much more severe than the one
about which I am now writing.

Under these circumstances we must regard the boundary
lines of the 1847and 1855 shocks as meizoseismals including
-an area within which the shock was most destructive.
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INTENSITY OF THE SHOCK.

Assuming that in any sufficiently large districts over
which shocks have been felt, the rocks with regard to their
density, elasticity and the like have an approximately equal
value, it would seem that some estimate of the relative
intensity of shocks in such districts might be obtained by
a measurement of the areas which were shaken.

Mallet when speaking of great earthquakes divides them
into the three following classes according to the areas which
was shaken :—

1st class earthquakes have an extreme radius of
540 geographical miles.

2nd » » 180 1 »

3rd » » 60 »” »

The Nepaul earthquake of 1833 had a radius of about 250
miles,

The Cutch earthquake of 1819 had a radius of about 180
miles.

The Lisbon earthquake of 1755 had a radins of about 600
miles.

The Chili earthquake of 1822 was felt 600 miles north
and south from its origin,

The earthquake of which we write had certainly a radius
over which it was sensible of 120 miles.

Assuming that these shocks which have extended over
such vast areas have had their origin at about the same depth
from the surface, if we consider the quantity of material
moved to be proportional to the moving force, then because
the quantities of material mcved will be as the square of the
radius of the disturbed area, the intensity of the shock will
vary as the square of this radius, Regarded in this way the
intensities of the above shocks will be:

The Lisbon and Chili shocks . veerns 6008
Nepaul.., . rerieeeenee. 3002
Cutch ......................... 1802
TOKIO wuverriiriiiiiiei e eer e eeneana 1202

If we call the Lishon and Chili shocks............... 100

Then the others will be :

Nepaul ...ooovvviviiiriiiiiinrrnnnnnn, 2

5
Cuteh ...ovvivviinieeiirienienn. veeen 9
g X) S 1 4
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A shock which has only a sensible radius of 60 miles,
which is probably the case with many of the small shocks
we 8o often experience, would, according to this scale, have
a value equal to unity.

Although I think that I have under rather than over-
estimated the areas over which the greater shocks which I
have given extended, whilst I have by no means under-
estimated the shock which created so much alarm in Tokio
and Yokohama, it will be seen that our experiences were
those of a shock, the actual intensity of which was probably
only the one hundredth part of the intemsity of some which
have been experienced in other portions of the globe.

As there are so many conditions which it is impossible
for us to take into account when comparing the relative
intensities of different earthquakes, the comparison I have
just given must only be regarded as an assistance in the
formation of conceptions on this subject, and certainly not
as a calculation which is intended to give any thing appro-
ximating to a true measure.

By looking over the records of the great earthqualkes
which have been felt at various times in Japan, it would seem
that in bye gone times catastrophes as great as those we
read of in countries like South America and India have
happened here. Whether they will ever be repeated is
problematical; on the whole, it is probable that "the seismic
eunergy of many areas has been growing less and less, but as
Sir William Thomson said, we must remember that it is
quite possible that the last babble in the porridge pot may
be equal to if not greater than the first.

VI. Origin or tam SHOCK.

Having now discussed all the evidence which I have
been able to gather together relating to the time at which
the earthquake occnrred, its direction, and the area affected,
I will now proceed to the determination of the locality from
which it originated. ’

From the time observations which we have at our com-
mand it would seem that because the shock reached Yoko-
hama at almost the same time as it reached Tokio, the origin
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of the shock must be at abont an equal distance from these
two places. This is, of course, assuming that the rocks
lying between these two places and the origin are similar
in their character, which, if this origin i3 not very remote,
from what we know of the geological nature of the surround-
ing country, is not at all anlikely to be the case. If the
shock reached Tokio, say 30 or 40 seconds before it arrived
at Yokohama, we may imagine that the origin of the shock
was six or eight miles nearer to the former of these two
places. Therefore, if we join Tokio and Yokohama by a
straight line and then bisect this by a line at right angles
to it, the epicentrum or point upon the surface of the ground
above the origin of the shock, will be somewhere either upon
or slightly to the Tokio side of such aline. Such a line
which has been before referred to is marked A A.

Let us now turn to the observations which we have
respecting direction. By drawing lines through the different
places paralled to the most probable directions it would
seem that our epicentrum ought to be determined with some
approach to accuracy.

The observations which appear to me to be the most
trustworthy I take to be as follows :

1.—In Yokohama.—Observations (numbera 10, 12, 25,)

on gwinging lamps made at the time of the shock. N.W.
and S.E.

2.—“ Cacciatore ” observation. Made by Mr. W. H.
Talbot, W. 40° N.

3.—Pendulum observation made by Mr. W. H. Talbot,
10° N. of W.

4.—Observations on grave-stones indicate a direction
which was E. and West or E.S.E. to W.N.W.

5.—1In Tokin.—Observation (number 43) on a swinging
lamp, N. and S.

6.—Observation by Mr. Knipping N, 29° W.

7.—Observation by Palmieri’s instrament N.N.W.

8.—Obser vation with a ¢ Cacciatore” N.N.W.

9.—Observation on falling columns 10° W, of N.

10.—Pendulum observation 38° W. of N.

11.—Obsgervation on grave-stones N.N.W. or N. and S.
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It will be observed that although particular observations
are selected in the above list these observations include
the bulk of the others,~the directions noted by them being
often intermediate to those here given.

Farther it must be observed that several of the directions
lying outside those here mentioned may be identified with
the reflected shock, the existence of which appears to have
been tolerably certain.

These directions are drawn upon the map and are
numbered to correspond with the above list.

From an inspection of this map it seems that the 10
selocted observations give us by their intersections no less
than 25 points from which we may suppose the shock to
have originated. :

Although it is probable that the shock was produced
by a jar-like action extending over a certain area rather than
from a mere point, it is difficult to conceive of its having
originated over so large area as would be incladed between
all those points. It therefore remains for us to select out of
these points those which appear most in accordance with our
other evidence.

If, for instance, we consider that some of the selected
observations like Nos. 7, 8 and 11 coincide with each other,
we ought to give to them a greater value than the others. If
we do this we see that our origin ought to be situated either
in the bay or at a short distance from it on the land, in an
eastorly direction from Yokohama, in fact, near the place
where the greater number of intersecting points are to be
found.

From our time observations we see that the origin ought
to be near the line A B. Putting these facts together I should
be inclined to think that the origin, in all probability lies
within the small ellipse which is described in this portion of
the map.

That the origin does not lie altogether on the opposite
side of the line joining Tokio and Yokohama may be
inferred from the fact that the directions given at these two
places do not intersect in that direction. This statement,
however, excopts one or two observations of doubtful value.
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Assuming for the moment that deductions based upon these
doubtful observations are true, then the sheck in spreading
from this centre ought to have produced approximately as
great an effect when spreading towards the N. W. as it did
when spreading towards the S.E. that is towards Yokohama
and Tokio. The records which we have received from the
country dre, however, contrary to such a supposition.

The area which I have marked as being probably that
from which the shock originated, is about 9 miles long and
43 miles broad. This area is parallel in its length to the
general strike of the faults in this district.

It is quite possible that the shock may have originated
by the formation of a fissure, and the shakings which were
felt at Tokio and Yokohama originated along the surface of
a broken plain rather than from a single point.

GroLoGICAL CHARACTER OF THE DISTRICTS NEAR THE ORIGIN.

The locality which I have indicated as being near the
origin of the shock, lies on the eastern shore of Yedo Bay,
at no great distance from Kisaradzu, a village on the west
coast of the province of Kadzusa.

The following few notes which I made upon the geology
of this district in December 1877, may perhaps be of some
value when considering why shocks might be expected to
emapate from such a quarter. Commencing at the head of
Yedo Bay we have a very flat coast which, owing to great
depositions of mud which are being continually brought
down by several large rivers which enter this portion of the
bay, together with an elevatory action which seems to be
very active, is rapidly pushing its way seawards. Evidence
of the rapidity with which elevation has been going on are
given to us at Yokohama and near Yokosuka where we have
pholas  borings, existing in a soft rock which is easily
weathered away, several feet above high water mark. The
nature of the soil and the beds of shells it contains at and
near Yedo indicate the same thing; as also does history and
old maps (vide a paper on the Bay of Yedo by Dr. Edmund
Naumanu in Pefermann’s Msttheslungen 25 Band, 1879
page 128 ; also Notes on the Pro-historic Remains of Japan &c,.
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by J. Milne. Transactions of the Asiatic Society of Japan
Vol. VIII Part I). '

At Kisaradzu there is a flat sandy shore but some dis-
tance icland a few low hills can be seen. Standing in the
water a short distance out from the shore there is a Tori or
stone gateway forming the last of a series which stand on the
land, leading up to a temple. Whether this was originally
built in the water I am unable to say. If it were built on
the land it would seem to indicate that the last movement
had been one of subsidence. I believe there are other
similarly placed Tori between this place and Tokio.

About one and a half miles from Kisaradzu at the village
of Sakai you come to some cliff-like slopes covered with
briars and shrubs. These slopes are made up of beds of
sandy materials capping beds of grey tuff, a section of which
~ would correspond with a section at Kanagawa or Yokohama.
Continuing towards the south you quickly enter upon a
hilly country which is in every respect similar to that upon
the opposite side of the bay near Yokohama or Yokosuka.
On all sides there are low steep hills covered with scrubby
wood. Winding in and out between these hills, there are
narrow valleys filled with muddy vice fields. This character
of scenery seems in Japan to be every where indicative of
soft tuff rocks, and it is often possible, without seeing a
rock, to predict their nature from the general aspect of the
country. At one or two places fossil shells were found in
this tuff. Just beyond Sanuki these ‘rocks commence to be
folded, and on the top of a hill just outside this town the road
passes through a cutting in a gentle anticlinal. It is not at
all improbable that some of the valleys about which I have
just spoken mway have been first marked out by these
foldings, which gave an initial direction for the flow of water
and other denuding agencies. Since then, by a continnous
action, water has been flowing and denudation going on, the
general result of which has been to cut out the valleys as
we see them at the present day.

Some distance beyoud this point instead of beds of tuff
we meet with beds of volcanic breccia dipping at'an angle
of 15 degrees towards Yokohama. Here we get many bays
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with rough rocks jutting out like sentinels to guard their
entrance. The general dip of these rocks seemed to be across
the bay, but in places we met with anticlinal and synclinal
foldings in the cliffs, beneath which we travelled as we
journeyed along the shore. At some places the dip was as
much as 45 degrees. Just beyond Kaniya then is a formid.
able looking cliff-like range of hills which forms the boundary
between Kadzusa and Awa. Here the beds of breccia are
almost turned on end. From a little town beyond the cliff-
like range, which is called Nokogiriyama, there seemed to be
a steep anticlinal, the strilkke of which was across the bay.
In many places faults were observable; in some places these
were so numerous that the cliffs appeared to be quite

serrated.

(Fig. 7.)

Fig. 7.—Represents such a set of fanlts between Kachi-
yama and Honjo.—Beyond this, tuffs and breccias continue to
be met with to the extremity of Awa.

From the manner in which the rocks are crumpled,
metamorphosed, faulted and bent up to form high hills at
the boundary between Kadzusa and Awa, it i3 evident that
we have here the maximum development of a great distur-
_bance which has done much to give a character to the moun-
tain scenery on the west side of Yedo Bay. Whether this
crumpling action is still going on it is a difficult matter
to say, but it is an easy thing for any one who has visited
this district to imagine that rocks bent so far out of their
original position must be in a state of strain, and that from
time to time they give way. That fractures should be thus
formed is almost indisputable, especially when we consider
the number of fractures which have taken place already.
Breakages of this sort may possibly produce earthquakes,
and it is perhaps catastrophes of this sort which sometimes
alarm the inhabitants of the Alps.
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On the opposite side of the bay we find analogous con-
ditions. Commencing at the north near to Yokohama we
have beds of unaltered tuff. Travelling southwards we find
this tuff bent into gentle anticlinals; here and there we meet
with faults. In Yokosuka harbour these faults ave especially
well marked. A little further on- we come to the beds of
breccia.

One side of the bay is from a geological point of view to
a very great extent the counterpart of the other.

How the fractures were produced it is difficult to say.
Perhaps the forces which produced the contortions are still
increasing and sections of the strata are being bent still fur-
ther. Perhaps the forces are decreasing and the strata are
no longer able to support themselves in the position to which
they had originally been forced. .

 The cause of the bending is probably due to a flow of
heat producing expansions or contractions. And that there
is great heat at no very great depth beneath this area is
suggested to us by the volcanic nature of the surrounding
districts.

If the shocks were produced in the way which is here
suggested, namely, by the giving way of contorted and
strained strata, volcanic ageney can only be regarded as the
antecedents of the immediate canse. However, if we refer
to the map it will be seen that it is quite possible voleanic
agency may have been the immediate cause itself. Lying
off the mouth of Yedo bay and stretching for hundreds of
miles down into the Pacific we have a line of volcanic islands
commencing with Qoshimn in the north and reaching to the
Bonins and the Ladrones in the sonth. From time to time
many of these are in eruption. In 1877 Ooshima was in
violent eruption, and it wonld even seem that some of these
islands may have been formed during the historical period.
If we continue the line from Kosushima through Niishima,
Toshima and Oshima, we see that it passes up Yedo Bay
through the district which we have indicated as being the
probable origin of the February shock. From the soundings
given on the English admiralty charts it seems that near
to these islands on the western side we have water about 80
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fathoms in depth. The neighbouring sea is, however, very
deep and in places the bottom has not been met with at a
depth of 500 fathoms. From the mnorth-west end of O-
shima running to the southern extremity of Sagami the
water varies in depth from 50 to 80 fathoms. If, however,
we leave this line and pass either to the east into the Uraga
channel or to the west into Odawara Bay, we immediately
meet with water 300 or more fathoms in depth although the
distance from the main land is not much more than two
miles.

Here we have something like a submarine bank which
is the prolongation of a line of voleanos.

The conditions then are that we have a line of volcanos
1,500 or more miles in length. The northern end of this
line is continually active and if we project this portion of
the voleanic fissure 60 miles further it will reach Yedo Bay.
That this line has continued itself northwards even during
historic times is indubitable, and we are not making sup-
positions beyond conception if we supposethat this line is
still endeavouring to open for itself vents still further
north. If we take the alternative and imagine a volcanic
line which had forced for itself vents for a length of 1,500
miles suddenly terminated at its most active end we should,
I think, be more unreasonable.

It may therefore be, that beneath Yedo Bay there is
a point under which voleanic agencies are endeavouring to
force a way, and it is these repeated efforts which reach us
in the often registered S.E. earthquakes.

The natare of the bottom of this portion of the bay is I
believe as yet but little known. The deepest soundings as
given on the chart are about 16 or 17 fathoms. Not far from
Kisaradzn in the bay at Kuranami, Mr. Arai Ikunosuke tells
me, there are two fresh water springs bubbling up, from
which the junks can take fresh water. At Yokohama it is
said that a similar phenomenon may be observed. Some
years ago when making excavations near the railway station
at Yokohama a hot water spring is said to have been tapped
but this eventually died out.
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Whether there are any traces of volcanic energy
beneath the surface of Yedo bay might perhaps be ascer-
taired by a series of temperature observations. ‘T'he question
is an interesting one, and especially to those who imagine
that there is a possibility of a Fujiyama or an Qoshima being
built in Yedo bay as Aphroessa was in the Gulf of Santorin
or Graham’s island in the Mediterranean.

Niishima appears to have been the last island which
was built. What shall we call the next one ?

VII DiracrioNn v Reration 10 PRECEDING AND SUCCEEDING
SHoCKS.

It would seen to be a natural supposition that if the
ground were being ruptured or volcanic forces were acting
at one point in an unusually violent maunner, this action
would commence gradnally and that after a violent rupture
had taken place there would be a gradual settling down of the
broken strata or spasmodic dying away of the forces which
produced the main catastrophe. In other words we might in
many cases have as a prelude to a great earthquake origina-
ting from a particular point, a number of small shocks
coming from the same origin, and similarly, after a great
shock,a number of small shocks might come to us from a
gimilar point indicating a dying-out of voleanic force or a
settling down of strata.

That earthquake shocks come in groups such as these
so far as their direction is concerned, may I think be seen by
glancing over the records of an observatory like that at
Yamato Yashiki in Tokio.

How this supposition is borne out in the case of the
earthquake of February 22nd will be seen by reference to the
following list extracted from the records of Yamato Yashiki.

Date Time Intensity Direction
H. M. S.

Jan. 6th...... 11 15 0 a...... 0° 50" ...... 8.8.E.

5 6th...... 437 0p.... 240 ... S.S.H.

» 13th...... 11 80 0 a......

, 18th....10 0 0 p ... —

S %0the.n 9 7 0 P — —
Y 23rd....10 0 0 paie — ... —
by 25thei.. 0 2015 P — e —



63

Date Time Intensity Direction
H. M. S. ,

Feb. 1st ...... 11 00 p...... 2.30 ...... S.8.E.
5 4th .. ... 1380p....10 ... E.S.E.
5 12th ... 8 5711 p 1.0 ... E.S.E
» 12th ......10 39 0 p ...... 0.30 ...... S.S.E
» 22nd...... 0 4922 a ..... — e —_
» 22nd...... 0 5019 a ...... £ S S.S.E.
» 22nd...... 0 5215 a ...... — ... —
» 25th..... 6 4614 p ...... 0° 25 ... S.S.E.
» 28th... .. 0280 a...... — e _—

Mar. 2nd...... 118 0p.... — ... —_
» 2nd...... 10 1455 p...... — ... —
” 3rd...... 6 32 0 | RPN 0° 30 ...... SSE-
» Oth...... 4 35 0 a ... — e —

(The severe shock of December 3rd, according to the
record at the Yamato Yashiki observatory, was S.S.W. and
N.N.E) '

Here we have a series of 21 earthquakes, 9 of which
travelled in a direction very mnearly E. S. E.and N. N. W.
The remaining 12 shocks were too feeble to have their direc-
tion recorded, but it seems probable that they came in the
same direction as those of grater violence.

Before and after these dates we get S.S.W. and W.S.W.
shocks, that is to say shocks from a direction approximately
at right angles to the directions about which we speak.

The fact that shocks appear to run in series, and that we
nearly always have a number of small shocks preceding a
large shock coming in the same direction, would seem to
strengthen the suggestion that earthquake’s like those re-
corded at Tokio occur in directional groups. This pheno-
menon, however, is to some extent hidden by the groups of
shocks overlapping each other, that is to say by one group
commencing before the other has ceased. It is also hidden
by the fact that many of the small shocks are too small to be
appreciable to the instruments we have at our disposal.
From observations which I have been making in conjunction
with Mr. J. Bisset and Mr. W. H. Talbot of Yokohama, it
would 'seem that many shocks are felt in this latter place-
which fail to reach as far as Tokio. Very shortly by the
help of instruments now established in Yokohama we hope to
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determine to which directional group such shocks belong.
From a few imperfect observations already made it would
seem that they were the N.W., S.E. group already under dis-
cussion. If this is the case, the firm establishment of the
supposition I have put forward could be well made by obser-
vations made in Yokohama, or what would be still better, by
observations upon the opposite side of the bay nearer to the
origin of the last great shock.

An observatory established at either of these places
would probably register many more tremblings than are felt
in Tokio.

By using suitable instruments we might even detect
earth tremors and by watching these and noting the manner
in which they preceded a shock it seems possible that many
earthquakes might be foretold.

VIII. Damace 1o Buinpines, &c

As we see but little prospect of ever being able to prevent
the occurrence of earthquakes, our next best study will be to
endeavour to obviate, so far as we are able, some of their dis-
astrous effects. The general character of the effects pro-
duced upon buildings is well known to nearly every resident
in Yokohama. By studying these effects and observing the
points which in consequence of their weakness gave way,
much may be done to prevent their giving way in future.

When speaking of the phenomena of rotation and

projection which were observed, many examples of the
damage which took place were cited.

OBSERVATIONS IN YOEOHAMA,

The general character of the damage sustained by many
of the houses situated on the Bluff at Yokohama, may be
" gathered from the following extracts taken from various
letters I have received.

1. At one house the principal beams were smashed. This
was occasioned by the force of the shock and not by the
chimneys falling across them. Two chimneys fell to the east
&c. Brick walls were cracked the width of the cracks being
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about } of an inch. The house is situated near the edge of
the Bluff and a valley.

2. Plaster fell from the south and east side of the house.
Vases, glass ware, &c. also fell.

8. Chimneys were smashed, walls cracked. Looking
glass, crockery, &c. were all brokken. Debris was everywhere.

4, Chimney was damaged. On the N.W. side of the
house there is a bluff.

5. Chimneys slightly twisted.

6. At one house the plaéter was cracked, and at another
every tile on the roof was shaken up but none fell off. Of
the varions walls which are cracked the North and South ones
are those which have suffered most. The cracks appear to be
inclined to the horizon at about 43°. The East side of these
houses are untouched. The houses which are here referred
to are built on stone foundations, with wooden frames, tile
and plaster. Tho chimneys are of brick and are built on the
outer walls. - These have suffered less damage than those
which are built on the inside or near to the centre of the
house. Both these houses are very strong. The lighter built
houses seem to have suffered least.

7. Alittle plaster fell off the eastern end of the house,
which faces N.E. 1t is near the edge of a cliff. The founda-
tions of this house were dug down until clay was reached.
Perhaps this lessened the vibration for the house notwith-
standing its position escaped with but little damage.

8. The plaster is cracked and some of it fell off upon
the N.W. side. The sides of the house face N.S.E. and W.

9. Chimney shorn off. At the eaves of the roof the
chimney was strapped to the house by an iron band and it
is close above this latter where it has been cut off. The top -
part of the chimney still stands upon the lower part, but it is
twisted. (This house is in the settlement).

10. Brick house situated on & pretty steep slope facing
the North. On the east side there is a gulley, and on the
south side a hill. On the 8rd of December the whole of the
upper part of the wall on the eastern side was thrown down.
This was rebuilt at the time of the February shock. Some
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vases foll, doors were opened, pictures oscillated, but no
serious damage was done.
11. Cracksin some buildings 1 saw seemed to be perpen-

dicular.
12. Chimneys broken and twisted. On a wall ranning

N.E. by N. to S.W. by S. all the pictures were askew, the
N.E. end of the pictures being raised. On the walls at right
angles the pictures were not altered.

13. Clocks stopped.

14. The wall paper was torn all along.

15. Chimneys so damaged that fires coald not be lighted.

16. Nearly all the chimneys have fallen to the S. E,

17. Chimneys fell, tiles taken off the ridges of the roof .
&e. Ten windows in a verandah running N. 80 E. to S. 80
W. all broken.

German Hospital.—This is a new brick building built I
believe expressly to withstand the effects of earthquakes. Its
position is somewhat below the level of many of the neigh-
bouring houses but yet it is so situated that the ground slopes
rapidly away from it on severalsides. The upper portions of
four or five chimneys fell, and twisting was observed. Here
and there mortar was loosened and a few joints slightly
opened.

So far as I could see, the general nature of the effects
which had been produced were similar to those in the other
buildings, but they differed from them in not being so serious.
In the dispensary many bottles were thrown down.

The Convent, which is a large brick building, appeared
to have had every tile shaken off it.

Another house in the neighbourhood was unroofed in a
similar manner.

This latter I observed had a very steep pitch.

The damage in the settlement appeared to be very
similar in its nature to that which took place upon the Bluff.
Chimneys were overturned, shattered or rotated,” windows
were broken and tiles and plaster were loosened and thrown
down. This was on the outside of the houses. Inside th
houses, vases, glasses, &oc. were overturned clocks were



67

stopped, and pictures hanging on walls were caused to swing
with violence.
OsservaTIONS IN ToKI0,

In Tokio the effects which were produced were by no
means so severe as those which were produced in Yokohama.

Near my garden gate the tiles and upper portion of the
walls of a “godown” were thrown down. From my own
house which is chiefly bailt of wood, one or two tiles fell

~ from the roof. :

At the house of a friend, the door posts were thrown out
of plumb and a shed over a “godown’ was thrown down.
The house stands on low ground.

Trom others the following records were received. At a
house in Tsukiji the plaster fell of the north and west sides
and two or three cracks were made in the west and inner
walls. There were three horizontal cracks one in the west
side of the Genka, (porch) one on the outer wall, and onein
the inner wall of the passage. There was one perpendicular
crack. This was formed in the east side of a passage running
north and south. The house which has a frontage 20 degrees
W. of S.is a framework of wood filled with kabe, (plaster)
with tiles outside.

At another house in Tsukiji the roof was injured at the
junction of the chimneys, the partition walls having separated
from them on the south and eastern sides. The walls joining
on the northern side shew but slight traces of separation.
The house is situated on the eastern side of a canal, the road
intervening.

At a third house also in Tsukiji there was no damage
beyond the displacement of a few small articles.

At many places small objects like clocks, crystal balls
and the like were thrown down and water was splashed out
of basing. Although we have evidence of violent motion
having taken place it does not appear that any serious
damage took place. .

At the Naimusho, (Home Department) 1 chimney fell.

At the Kaiseikioku, 1 chimney fell.

At the Okurasho, (Finance Department) 1 chimney fell.

At the Daigakko (University) 2 chimneys fell.
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These four observations are upon buildings which I
believe are built of wood, whilst the chimneys which run
through them are of brick.

At Nihonbashi, Awamonocho, a portion of the wall of a
“godown” came down burying a man. He was however
extricated from the ruins without having sustained any serious
injury.

At Asakusa Kuramai, a chimney and some tiles fell.

In fact all through the town, here and there a little
damage had been done similar to the examples which have
been quoted.

ExteEnt oF Morion 1N BuILpings.

From the slow long swing of pictures like Kakemono
three to six feet in length, which oscillated backwards and
forwards on the wall, it is very probable that the extent
through which the upper portion of houses moved was very
considerable. In some instances these pictures séem to have
swung as much as two feet, and from the manner in which
they swung they evidently synchronised with the natural
swing of the house. From this it would seem that such a
house must have rocked from side to side one foot out of its
normal perpendicular position. That the motion was great
is testified by nearly all who tried to stand at the time of the
shock, it having been impossible to walk steadily across the
floor of a room in an upper story. The houses which I refer
to are either those which are purely Japanese or else
those which are framed of wood and built on European
models, a class of building which is very common in Tokio
and Yokohama. What the extent of oscillation was in a
brick or stone building I have no means of forming any
estimate.

In a pamphlet published at the Imperial College of
Epgineering by Messrs. Perry and Ayrton on * Structures in
an Earthquake Country,” calculations have been made to de-
termine the period of a complete natural vibration of different
structures. For a square house whose outer and inner-
sections were respectfully 30 and 26 feet and whose height
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was 30 fect, the period as calculated by these authors would
be about .06 seconds:

At the time of the earthquake many houses seem to have
moved like inverted pendulums. On the morning after the

-shock my neighbour who wasliving upstairs in a tall wooden
house with a tile roof, told me that he endeavoured to count
the vibrations and was of the impression that to make a com-
plete swing it took about 2 seconds.

Assuming now that the distance through which the top
of a wooden house moved was about 1 foot and the number
of vibrations which it made per second were about .5, then
the greatest velocity of a point on the top of such a house
must have been about 6 feet per second.

GENERAL NATURE OF THE DAMAGE.

From what has been said it will be seen that the greatest
damage occurred upon the Bluff near to Yokohama. Generally
speaking the nature of the damage wasin all cases abont the
same,—chimneys were thrown down, shattered, or twisted, tiles
were thrown off roofs, walls were cracked and plaster shaken
off their sides, grave stones were rotated. On the inside of
buildings, vases and other small objects, were thrown down,
clocks were stopped, paper was torn, windows were broken,
and everything which was loose was more or less moved.

In Yokohama the damage chiefly occurred in those parts
of the town which are situated near to the foot of the bluff,
parallel to the creek which runs along its base. Back from
this line well out upon the flat ground upon which the
greater portion of Yokohama is built, the damage was by no
means so serions. It was very mnoticeuble that the Japanese
houses, with the exception of a few * godowns ” (warehouses)
which lost a little plaster, seemed hardly to have sustained
any damage.

Amongst the foreign houses on the bluff there appeared
to be one or two lying in hollows which also escaped.

Two chimney stacks on the bluff in Yokohama left
standing after a fire, in what was apparently a very shaky
condition, did not seem to have been in any way affected. .
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The same was observed about several chimney stacks in
Tokio which had been left standing after the great fire.

DiscussioN oF THE PRINCIPAL CAUSES ON WHICH THE DESTRUC-
TION APPEARS TO HAVE BEEN DEPENDENT.

Having now seen what the general nature of the damage
has been, it remains for us, partly for instruction’s sake, and
partly with a desire to put ourselves in a position to avoid

like calamities in future, to examine carefully the phenomena
* which have been placed before us, and sift out from them the
varioas lessons they may present.

If we turn to the buildings in Yokohama I think we may
safely say that the destruction was chiefly dependent upon
one, two, or all of the following three causes :—

a. The construction of the buildings themselves,
b. Topography of the district.
¢. The nature of the underlying rocks.

Although much of what I have to say whilst discussing
these three causes is well known to those who have studied
earthquakes, I feel that because the lessons which speculations
on these points may teach us are so important, it will be
hardly necessary for me to apologize for repeating that which
is already told. :

a.—Tae CoNSTRUCTION OF BUILDINGS.

In speaking of the effects which have been caused by bad
construction T only intend to refer to one general principle,
which principle I will call that of ¢ relative vibrational
periods.” In many instances, chimneys were shaken down,
because there was not sufficient adherence between their
several parts. Questions like these, which involve considera-
tions respecting bonds, lime, mortar and the like, are so
intimately connected with the business of the builder, and at
the same time so obvious to us all, that I will leave the
remedy for such defects in the hands of those whose speciality
is to deal with technicalities of this description. My reason
in speaking specially about the principle of relative vibrational
periods, which principle was, so far as 1 am aware, first
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enunciated by Messrs. Perry and Ayrton in a pamphlet
alveady referred to, is, because that principle has been so
foreibly illustrated to us in almost every building which
suffered serious damage. '

If a building were constructed of a material like steel, we
can imagine that it might be set rocking to and fro, which
if i1t were shaken by an earthquake it might do in a manner
something similar to that of an inverted pendulum, without
any danger of its being broken. It would simply rock back
and forth with a definite period of its own. In ordinary
houses, however, instead of having a single vibration of the
whole building to consider, we have to investigate the
vibration of a number of parts, the periods of which are all
more or less different. These parts, although they are tied
together in various maners owing to differences in elasticity,
height, thickness, and load they carry, do not tend to
synchronize in their swings. Whilst one portion of the build-
ing is endeavouring to move towards the right, another is
pulling towards the left, and, in consequenc-, either the bonds
which join them ov else they tliemselves are strained or
broken. This seems to have been strikingly illustrated by
many of the chimmneys in the houses on the bluff, which
were shorn off just above the roof. The chimneys, which
were shafts of brick, probably had a slower period of vibration
than the roof through which they passed, this latter vibrating
with the main portion of the house which was framed of wood.

A particularly instructive example of this kind which
has already been referred to is ronghly sketched in Fig. 8.
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(Fig. 8.)
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This is a chimney standing alone, which for sake of
support, was strapped by an iron band to an adjoining build-
ing. It would seem that at the time of the shock the build-
ing moving one way and the chimney another, the swing
of the heavy building gave the chimney a short jerk and cut
it off. The upper portion being then loose upon the lower
part, rotated under the influence of the oscillations in manner
similar to that in which the gravestones rotated.

Not only have we to consider the. relative vibrations of
the various parts of a building amongst themselves, but we
have to consider the relation of the natural vibrations of
any one of them or the vibration of the building as a whole,
with regard to the earth. From the regularity of the curves
which are drawn by persons when indicating earthquake mo-
tion, it would seem that they anticipated finding that the
earth oscillated back and forth at a definite rate. If the
vibrations of an earthquake were the result of a single
blow, which it is quite possible they may often be, then
such a supposition might be justifiable. If, however, a shock
18 the result of a number of blows of various intensities
struck ab irregular intervals it is hardly likely that we should
obtain periodic vibrations. That there was an irregularity
in the impulses of this last earthquake, seems likely, both
from our sensations and from the portion of a curve drawn
by the motion of the earth which I have given farther on.

Some of the more important results dependent upon
the principle of “pelative vibrational periods’” may be
understood from the following experiments :—

A-B-¢

D E

1

F G

(Fig. 9.)
In Fig. 9 A B and C are three flat springs made
out of strips of bamboo, and loaded at the top with pieces
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of lead. At the bottom they are stuck into a piece of board
DE, and the whole rests on a table FG. The legs of this
table being slightly loose, by placing the fingers on the top of
it, a quick short back and forth movement can be produced.
The weights on A and B are the same, but they are larger
than the weight on C. Consequently the periods of A
and B are the same, but different to the period of C. The
dimensions of these springs are as follows : Height 18 inches ;
A and B each carry weights equal to 320 grammes and they
make one vibration per second; C has a weight of 199
grammes and makes 0.75 vibrations per second.

1st Baperiment.—It will be found that by giving the table
a gontle back and forth movement, the extent of which
movement may be so small that it will be difficult to detect
it with the eye, either A and B may be made to oscillate
violently whilst C remains still ; or vice versa C may be caused
to oscillate whilst A and B remain still. In the one case the
period of shaking will have been synchronous with the
natural period of A and B, whilst in the latter it will
have been synchronous with that of C. This would seem to
show us that if the natural period of vibration of a house, or
of parts of it, at any time agree with the period of the shock,
they may be readily thrown into a state of oscillation which
will be dangerous for their safety.

2nd Ezperiment.—Bind A and B together with a strip
of paper pasted between them. The paper which I used
was 3/8 inch broad and would carry a weight of nearly 3 lbs.
If the table be now shaken as before, A and B will always
have similar movements, and tend to remain at the same
distance apart, and as a consequence the strip of paper
will not be broken. From this experiment it would seem that
so long as the different portions of a building have almost
the same periods of vibration, there will be little or no
strain upon the tie-rods or whatever contrivance may be
used in connecting the different parts.

3rd Ewperiment.—Join A and C, or B and C witha
strip of paper in a manner similar to the last experiment.
If the table be now shaken with a period approximating
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either to that of A and B, or with that of C, the paper will
be suddenly snapped.

This indicates that if we have different portions of a
building of such heights and thicknesses that their natural
periods of vibration are different, the 'strain upon the
portions which connect such parts is enormous, and it would
seem as a consequence that either the vibrators themselves,
or else their connections, must, of a necessity, give way.
This was very forcibly illustrated to us in the last earthquake
by the knocking over of the chimneys. The particular case
of the chimneys is, however, better illustrated by the next
experiment,

4th Experiment—Take a little block of wood three-
quarters of an inch square and about one inch high, and place
it on the top of A, B or C. It will be found that, although
the spring on which it stands is cansed to swing back and
forth through a distance of three inches, the little block
will retain its position.

This little block we may regard as the upper part of a
chimney standing on a vibrating stack, and we see, that so
long as this upper portion is light, it has no tendency to fall.

5tk Brperiment.—Repeat the fourth experiment having
first placed a small leaden cap on the top of the block
representing the chimney. The cap I used only weighed a
few grammes. When vibration commences it will be found
that the block quickly falls. This would seem to indicate
that chimneys with heavy tops are more likely to fall than
light ones.

6th Expertment.—Bind A and B together with a strip of
paper and stand the little block upon the top of either. It will
be found that the block will stand as in the 4th experiment,

7th Experiment—Bind A and C, or B and C togethef,
and place the block upon the top of either of them. When
vibration commences, although the paper may not be broken,
the little block will quickly fall.

8th Experiment.—Take two pencils or pieces of glass
tube and place them under the board DE. If the table FG be
now shaken in the direction DE, it will be found that the
springs will not vibrate,
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In a similar manner if a house or portion of a honse
were carried on balls or rollers, as has already been suggest-
ed, it 'would seem that the house might be saved from
much vibration. )

9th Experiment, —Set any of the springs in violent vibra-
tion by gently shaking DE instead of the table, and then
suddenly cease the actuating motion. It will be observed
that at the moment of cessation the board and the springs
will have a sudden and very decided motion of translation in
the same direction as that in which the springs were last
moving, and although the springs were at the time swinging
through a considerable arc, all motion will suddenly cease.

This shows, that if a house is in a state of vibration
the strain at the foundations must be very great.

1t would not be difficult to devise other experiments to
illustrate other phenomena connected with the principle of
relative vibrational periods, but these may perhaps be sufficient
to show to those who have not considered this matter, its
- great importance in the construction of buildings. Perhaps
the greater portion of what I have here said may by many be
regarded as self evident truisms hardly worth the trouble
of demonstration. Their importance, however, seems to ke
so great that I hope that their discussion has not been
altogether out of place.

In putting up buildings to resist the effects of an earth-
quake, besides the idea of making everything strong because
the earthquake is strong, there are several principles which,
like the one just enunciated, might advantageously be followed,
which as yet appear to have received but little attention.

For instance, we observe that the archways over doors
and windows which we find ‘in earthquake countries are in
no way different from the archways put up in countries
free from earthquakes. As examples of these archways we
may take those in the Ginza in Tokio, or those of Calabria as
figured by Mr. Mallet in his treatise on the Neapolitan earth-
quake. The main feature in all such archways is that they
are built to withstand a vertical pressure. The effects of an
earthquake, however, are stresses applied more or less hori-
zontally, and therefore those archways which had an entrado
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curved down into the supporting buttresses would evidently
be better able to resist the strains which are imposed upon
them than those where the arches spring at an angle from
their piers.

Another point worthy of observation to which my
attention was first called by my late colleague Mr. Perry,
is that the system of placing openings like windows and
doors in a building vertically above each other, makes the
face of such a building, when acted on by horizontal strains
and stresses, likely to give way in such a line, because it is
as compared with the rest of the wall, a verticalline of
weakness.

To obviate such a feature, if the artistic appearance of
the building would not be violated, such lines of openings
might be placed along and parallel to diagonals. In this
way so far as horizontal forces were concerned, there would
be no special line of weakness upon which they could exert
themselves, and the face of the building wounld have a uniform
strength throughout.

In Yokohama the chief source of destruction seems to
have arisen from causes somewhat similar to those illustrated
in the first seven of the experiments which have just been
quoted. The most noticeable kind of destruction was the
overthrow of chimneys partly due to the want of good cement
or mortar, but chiefly due to a want in synchronism in its
period of vibration with that of the house through which it
passed. In cases where chimneys stood alone they seemed to
have withstood the effect of the shock. Had the chimneys
of the houses on the bluff passed through the roofs of the
buildings to which they were attached, having on each side
of them sufficient play, instead of being in contact with
such roofs I am inclined to think that, notwithstanding the
bad cementing materials which seem in many cases to have
been used to bind their parts together, they might have
remained standing. If, however, chimneys must of necessity
come in contact with the building it wounld be necessary
to bind them in such a manner, that their upper parts could
not vibrate in their own period.
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Closely connected with what we have been sayiug with
regard to the fall of chimneys, is the falling of tiles. The
houses whicl lost the greater number of tiles appear to have
been those with the steepest pitch, and those where the tiles
were simply laid upon the roof and not in any manner
fastened down, It would seem that destruction of this sort
might to a great extent be obviated, by giving the roofs a
less inclination, and fixing the tiles with nails. It was
also noticed that the greatest disturbance amongst the tiles
was upon the ridges of the roofs. Destruction of this sort
might be overcome by giving especial attention to these
portions during the construction of the roof.

b. - DiSTRUCTION DUE TO TOPOGRAPHICAL POSITION.

In almost all earthquakes which have occurred where
build}ngs have been damaged, it has been observed that
buildings occupying certain positidns have escaped whilst
others have suffered. In some cases it has been the houses
which were situated on the plains which suffered the most
severely, whilst at other times it has been those which were
sitnated upon the hills. At the time of the earthquake at
Wellington, New Zealand, in 1855, the greatest destruction
took place upon the sides of the hills, and it was least in the
centre of the plains. In the last destructive earthquake
which visited Yedo, the chief destrnction I am told took
place in the valleys. In the earthquake about which we
write the chief destruction seems to have taken place upon
the top of the hills or else close to their base.

To any one who walked through Yokohama on the
morning after the earthquake, that different effects had been
produced in different places which were at no great distance
from each other was very clearly evident. Generally speaking,
out npon the flat ground in the settlement at a distance from
the bluff, the destruction of chimneys was comparatively small,
whilst at the foot of the bluff and upon the top of it, there
were but few buildings which had escaped. From the manner
in which all the grave stones lying near to the edge of steep
declivities had been moved, whilst those which were further
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back were not disturbed, it seemed that it was near to the
edges of the bluffs that the movement had been the most violent.

Some of the more obvious reasons why the intensity of
earthquake motion should vary with the contour of the ground
are as follows:—

1st.—1If an earthquake wave is passing: through ground
the surface of which is level, so long as this ground is homo-
geneous, as the wave travels further and futher we should
expect its energy to become less and less, until, finally, it
would insensibly die out. If, however, we have standing
upon this plain a mountain, judging from Mr. Mallet’s remarks,
this mountain would be set into a state of vibration much
in the same way as a house is set in vibration, and it would
tend to oscillate back and forth with a period of vibration
dependent upon the nature of its materials, size, and form.
The upper portion of this mountain would, in consequence,
swing through a greater arc than the lower portion, and
buildings situated on the top of it would swing to and fro
through a greater arc than those which were situated near
its foot. This explanation why buildings situated on the
top of a mountain should suffer more than those situated
on a plain, is one which was offered by Mr. Mallet when
writing of the Neapolitan Earthquake, who tells us that towns
on hills are “rocked as on the top of masts,” and if we accept
this explanation it would, in fact, be one reason why the
houses situated on the Bluff at Yokohama suffered more
than those situated in the settlement. I offer this explanation
on account of the great authority it claims in consequence of its
gource. For my own part, I do not clearly see how the
statement is supported,—different portions of the mountain
receiving momentum in different directions at different times.

2nd.—When a wave of elastic compression is propagated
through a medium, we see that the energy of motion is being
continually transmitted from particle to particle of that
medium. A particle in moving forwards meets with an elastic
resistance of the particles towards which it moves, but over-
coming these vesistances it causes these latter particles to
move, and in turn to transmit the emergy to others further
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on. So long as the medinm inwhich this transfer of energy is
continuous, each particle has a limit to its extent of motion
dependent on the mnatore of the medium. When, however,
the medium which we will suppose to be the earth is not
continnous, but suddenly terminates with a cliff or scarp, the
particles adjacent to this cliff or scarp having no resistance
offered to their forward motion, are shot forward and conse-
quently the ground here is subjected to more extensive vibra-
tions than at those places where it was continuous. This may
be illustrated by a row of marbles lying in a horizontal
groove ; a single marble rolled against one end of this row
will give a concusgion which will run through the chain, like
the bumping of an engine against a row of railway cars,
and as a result, the marble at the opposite end of the row
being without support will fly off. Tyndall “illustrates the
same thing with his well known row of boys standing in a
line with their arms stretched out and their hands resting
upon the shoulders of the boy before them. A push being
given o the boy at the back, the effect is to transmit a push
to the first boy, who, being unsupported, flies forward.

In the case of some earthquakes, most disastrous resalts
have occurred which seem only to admit of an explanation
such as this, A vemarkable instance of this kind is men-
tioned when the great earthquake of 1857, “swept along the
Alps from Geneva to the East North Hast, and its crest reach-
ed the edge of the deep glen between Zermatt and Visp.
Then the upper part of the wave-movemeut a thousand
or two thousand feet in depth from the surface, came to an
end ; the forward pulsation acted like the breaker of the sea,
and heavy falls of rock encumbered the western side of the
valley.”

The Bluff at Yokohama consists, as has already been
stated, of a plateau cut through in various directions by deep
valleys the sides of which are often very steep, and here and
there very nearly perpendicular. The general configuration of
the ground is, in‘fact, eminently fitted for the exhibition of
phenomena of this description. The degree in which they
will be manifested will to a large extent be dependent upon
the angle of emergence at which the shock may be supposed
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to emanate, and the slopes of the various scarps. So long as
the wave which we will imagine is travelling H. to W. is
almost horizontal, it will produce much the same effct upon
a bluff facing east as it would npon a bluff which was facing
west. If however, the angle of emergence of the wave was
for instance 45° it would be mueh more likely to produce
serious effects upon the western face of a bluff it was travers-
ing than it would upon the eastern. What we have here said,
has Leen exemplified in other ecarthquakes than the one we
write about, and although no definite measurements have
been made giving the relative intensities of a shack upon the
edge of a cliff as compared with situations removed from such
a position, we feel certain that the differcuces between them
will be great. The lesson to be learnt by those interested in
building houses in earthquake shaken countrics from the
facts which have been placed before us by this earthquake
relative to the points which ave heve considered, is one which
certainly demands serious consideration.

3rd.—If a mountain stands upon a plain through which
an elastic wave is passing which is almost horizontal, the
mountain is, so to speak, in the skadow of such a wave.
If we only consider the normal motion of this wave we see
that the only motion which the mountain can obtain will
be a wave of elastic distortion produced by a shearing force
along the plain of the base. Should, however, the wave
approach the mountain from below and emerge into it at a
certain angle, only the portion of the mountain on the side
from which the wave advanced could remain in shadow whilst
the portion on the opposite side would be thrown into a state
of compression and extension. Portions in shadow, however,
would be subject to waves of elastic distortion. In a manner
similar to this we may imagine that certain portions of the
bluff so far as the advancing wave was concerned, were in
shadow, and thus saved from the immediate influence of the
direct shock. A hypothetical case of such a shadow is shown
in the section illustvating the contonr’ of the ground at
Yokohama (Fig. 10.) The situation which might be in the
shadow of one shock however it is quite possible might not
be in that of another. We must also remember that a place
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in shadow for a direct shock might be affected by reflected
waves and also by the transverse vibrations of the direct
shock. These effects are over and above the effects produced
by waves of elastic distortion just referred to.

¢.—DESTRUCTION DUE To THE NATURE OF THE UNDERLYING ROCKs.

T will now pass on to the consideration of the destruction
which occurred in Yokohama and Tokio and its relation to
the nature of the underlying rocks. ‘

That the nature of the ground on which a building stands
has much to do with the severity of the blow it receives is a
fact which has been often demonstrated. In certain parts of
South America there appear to exist certain tracts of ground
which are practically exempt from earthquake shocks, whilst
the whole country around such an area may be violently
shaken. It would seem as if the shock passes beneath such
a district as water passes beneath a bridge, and for this
reason these districtshave been christened “bridges.”

This phenomenon appears to depend upon the nature of
the underlying soil. 'When aun elastic wave passes from one
bed of rock to another of a different character a certain por-
tion of the -wave is reflected whilst a certain portion of it is
transmitted and refracted, and “ bridges’ we may conceive
of as occurring where the phenomenon of total reflection
occurs. In Yokohama and Tokio we have no reason to believe
that total reflection occurred at any point, but it would seem
that something approaching it may have happened at Maye-
bashi. When a wave is reflected it gives rise to a series of
return waves, which may interfere with the series of waves
advancing towards the surface of reflection. This inter-
ference produces more or less disturbance at and about the
point where it takes place. If this disturbance is great,
buildings on the surface may seriously suffer, whilst those
which are distant from such a point of disturbance may
suffer but little. Trom this we see that we may have des-
truction oceasioned by the interference of waves. Another
cause of destruction is due to placing a building on foundations
which are capable of receiving the full effect of a shock and
transmitting it to the buildings standing on them. We have
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here then two principal explanations each dependent upon
the geological nature of the ground which may shew us why
destruction is more marked in one locality than it is in
another. These I will discuss in relation to the effects
observed in Yokohama and Tokio.

18T.—DESTRUCTION AS DUE TO THE INTERFERENCE OF WAVES.

Referring to the section of the ground at Yokohama
(Fig. 10) it will be seen that both the settloment and the
bluff stand upou beds of gravel capping horizontal beds of
grey tuff. The gravel of that portion of the settlement on the
seaboard originally formed the line of a shingle beach. That
portion of the settlement back from the sea stands upon
ground which was originally marshy. In the central portions
of the settlement this bed of gravel is very thick, perhaps
100 feet or so, but as you near the edge of the bluff it
probably becomes thinner until it finally dies out upon the
flanks of the scarps.

On the top of the bluff the beds of gravel will in every
probability be generally thinner than they are upon the lower
level. The beds of tuff, which is a soft grey coloured clay
like rock produced by the solidification of voleanic mud,
appear, when walking on the seaboard, to be horizontally
stratified. If there is a dip inland, of which however I have
not seen any evidence, it is in all probability very slight.
Here and there the beds are slightly faulted. Taken as a
whole we may consider these beds as being tolerably homo-
geneous and an earthquake in passing through them would
meet with but little reflection or refraction. At the junction
of these beds with the overlying gravels both reflection and
refraction would comparatively be very great.

On entering the gravel, as the wave would be passing
into a less elastic medium, the direction of the wave would be
bent towards the perpendicular to the line of junction, and the
angle of emergence at the surface would consequently be
augmented. At the surface eertain reflections would also take
place, but the chief reflections would be those at the junction
of the tuff and the alluvium.
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Under the settlement it is probable that all the reflections
which took place would be single. Thus wave fronts like A,
advancing in a direction paralleltotheline a; would be reflected
in a direction a, and give rise to a series of reflected waves A,
These are shewn by thicker lines. Similarly all the neigh-
bouring waves to the right and left of A; would give rise to
- a series of reflected waves. If the lines drawn representing
wave fronts are districts of compression then where two of
the lines cross each other there would be double energy in
producing compression. Similarly, districts of rarefaction
might accord, and again compression of one wave might meet
with the rarvefaction of another and a neutralization of effect
take place. A diagram illustrating concurrence and interference
of this discription is given in Le Conte’s Elements of Geology,
page 115. The interference which has been spoken of, however,
is not the greatest which would occur. The greatest would
probably be beneath the bluff and the scarps which run down
to join the level ground below. This would be the case be-
canse it is a probability that there might not only be cases of
interference of single reflected waves, but also of waves which
had been not only twice but perhaps thrice reflected. For
example, a wave like B; (which is parallel to A, of the first
supposition) advancing in a direction parallel to b, might be
reflected along the line b, giving rise to waves like By which
in turn might be reflected along b; giving rise to waves like
B;. The number of districts where there would be concurrence
and interference would in consequence of the number of
times waves might be reflected be augmented. Here the
violence of the shock would at certain points be considerably
increased bub as a general result energy must be lost, so that
even if some of the reflected waves found their way into
the portion we have regarded as being in shadow their inten-
sity would not be so great as if they had entered it directly.

2N8D. — DESTRUCTTON DIRECTLY DUE TO THE NATURE oF TH B GROUND
FORMING THE FOUNDATION.

From the short deseription which has been given respect-

ing the geological nature of the ground at Yokohama it will

be seen that the settlement stands either upon a thick bed of
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shingle or else of mud. As this nears the edge of the Bluff
it becomes thinner. On the top of the Bluff the shingle where
it occurs is generally thinner than it appears to be below.

Now it wonld seem that beds of shingle, earth, and silt,
might be regarded as a pad lying between the buildings
which stand upon them, and the harder rocks beneath. The
effects of this pad would be twofold. TFirst it would
reflect a certain portion of an advancing wave, and secondly
by its elasticity and the internal motion of its parts it would
tend to absorb rather than transmit that portion of the
blow which entered into it. In this latter respect a loose
foundation might act something like the buffer of a railway
carriage. It must also be observed that the shock on enter-
ing loose material would have its waves more crowded. It is
also possible that a long line of buildings might rest on more
than one wave during the shock. Because in the settlement
the pad of loose material was thickest, is probably one of the
reasons why the effects of the shock were comparatively small.
‘Where the plain joins the Blaff the pad was thin and the
disturbance beneath the buildings was in consequence very
great. This was augmented by the interference of waves.
On the tup of the Bluff the pad was in places thin and in
places thick, but the disturbance due to wave interferences
was great and as a consequence we find that the destruction
was also very great.

It may be remarked that destruction occasioned by an
earthquake has often been observed to have had a maximum at
the junction of a plain with a mountain, and as an-explanation
of the phenomenon in addition to what T have said it has been
suggested that a slight shaking down of the loose strata rest-
ing on the slope may have taken place.

I have now given what appear to me to be some of the
principal phenomena which were observed in connection with
the destruction of buildings, and at the same time I have
ventured to offer explanations for the same. If my explana-
tions are correct then the more important lessons which appear
to be indicated to us are briefly as follows.

1.—Let all portions of a building have their natural
periods of vibration nearly equal.
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2,.~If it is a necessity that one portion of a building
shonld have a very different period of vibration to the
remainder, as for instance a brick chimney in a wooden
house, it wounld seem advisable either to let these two portions
be sufficiently free to have an independent motion, or else
they must be bound together with great strength.

8.—Avoid heavy topped roofs and chimneys. If the
foundations were free the roof might be heavy.

4.—1In brick or stone work use good cement.

5.—Let archways curve into their abutments.

6.—Let roofs have a low pitch and the tiles, especially
those upon the ridges, be well secured.

7.—From the effect observed in the last earthquake
it would seem that a building placed upon a plain is in a less
dangerous position than one which is placed either at the
junction of a hill and plain, or upon a hill.

8.—The most dangerous position for a building will
generally be upon the edge of a scarp or cliff. This danger
will be intensified if this edge is on that end of the bluff
at which the wave makes its exit. -

9.—Buildings placed near the junction of strata of very
different elasticities are in a dangerous position.

10.—Buildings standing on thick beds of soft material
are in a better position to with-stand the effects of a shock
than those which ave built upon solid rock.

From what has been said a few more inferences might
be drawn but these appear to be the most important. 'the
study of the damage produced by earthquakes upon build-
ings is as interesting as it is extensive. Here I have confined
myself to the discussion of the phenomena which were
observed in one special earthquake. At a future time I hope
to write more generally upon this subject.

IX. CrAcks IN THE GROUND.

The only cracks which were made in the ground with
which I am acquainted, were some in the road which runs
near to the cliffs overlooking the bay at the eastern end of the
bluff. One of these cracks which ran parallel with the road
was about 25 yards long, 1 or 2 inches in breadtb, and 6 feet or
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more in depth. As this portion of the road was expected to fall
seawards it was railed off. We may regard this crack as a
feeble repetition of the phenomenon which occurred in the
valley of Zermat which has already been spoken about. I
may remark that in the spring of 1878 a somewhat similar
crack to that on the bluff at Yokohama was formed in the
ground behind the old Gaimusho in Tokio

X. Prosecrron oF BopiEs.

Closely connected with the velocity of an earth particle
we have the distances to which various bodies were thrown.
On the morning after the shock examples of plaster thrown
off the sides of houses, and tiles from roofs, were exceedingly
numerous. The only matter of special note connected with
this as seen in Tokio appeared to be, that it was chiefly
from those sides of houses which were broad side on to the
shock that materials had been thrown down. As an example
of these I may mention that a * godown” (fire proof store
house) built with a wooden frame work covered with mud,
and on the outside plastered, standing at my garden gate, lost
the whole of its eaves upon the northern side. With the
eaves the adjacent portion of the roof and the upper part
of the wall also came down. The vertical height which this
material fell was about 20 feet, and the horizontal distance
from the foot of the building to the middle of the heap of
debris was about 6 feet. Examples of this kind were very
numerous, but as the distance to which the material was
thrown depended chiefly upon the vibration of the house, and
therefore seemed likely to be of but little value in telling us
anything about the movement of the earth, I did not make
any accurate records of these disasters.

The same may be said ahout tiles which fell from roofs.
Several fell from the roof of my own house, but as the dis-
tance to which they were thrown depended partly upon the
swing of the house, and partly upon the fact that they had
rolled or slided some distance before being clear of the
eaves, the measuvements of such distances would be but of

little value in determining anything about the velocity of
the shock.
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Altogether I may say that I have but few records
relating to projection which will be of use in making calcula-
tions relating to the shock.

The following three records I received from Yokohama.

1..—The corner stone of a chimney fell 35 feet vertically
and 20 feet horizontally towards the S.E.

2,—The top of a Japanese stone lantern fell 6 feet
vertically, and was projected 4 feet towards the East.

3.—Some vases were projected from N. to W. to a
horizontal distance of about 6 feet.

Of the falling of objects like vases, bottles, ete. the ex-
amples as one might suppose were very numerous, but of
measurement made upon the projection of bodies which had
been thrown by the shock, and not by the natural vibration
of the support on which they stood the examples are very
scarce.

X1.—GENERAL CBARACTER OF THE MOVEMENT.

From what has been said respecting the direction of the
shock some of the peculiarities of the movement will have
been inferred. Reference has been made to a reflected shock,
to an apparent twisting motion, and to the succession of
different periods of intensity as indicated by instroments.

Part of what T have to say is founded upon matters
of opinion and part upon observations. As it is only from a
proper understanding of the character of these earth move-
ments that we can hope to determine the nature of their
origin. I will give in detail all that seems to be connected
with them.

OBSERVATIONS IN YOKOHAMA.

In Yokohama as in other places different persons des-
cribe the motion in very different manners. In some cases
this will be due to differences in opinion, while in others
to actual difference in their experiences dependent upon
their situation.

The simplest description of the movement which I have
received is that of a slight shock immediately followed by a
severe one, Another writer says that there were two shocks
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quickly suncceeding each other and that the house did not
simply shake but oscillated. This is confirmed by several
other observations as will be seen from the following quota-
tions :—

1.—The shock commenced with a swaying movement
which was immediately followed by a wrench or circular
motion. After this there was a swinging motion in the
house so great that it” was necessary to balance oneself whilst
descending the stairs. .

2.—There were two shocks the second one being the
gtronger. The house in which the observer was sitnated
which was a brick one, seemed to dance, to twist, to screw,
and to wriggle. Before the motion ceased the house was
oscillating. It would seem as if the shock came uvp from
below.

3.—There was a twisting three cornered sort of a
movement,

Another observer says from the manner in which win-
dow catches were drawn it would seem as if there had been
much upward movement.

The experiences of those who were on board ship at the
time were extremely various. On some ships like the Courier
and the Akitsushima-maru the shock does not appear to have
been felt at all, whilst on other ships the movement was
80 severe that it was imagined that the vessels, were aground.
On board the Takachiho-maru a rough movement was felt
ag if the vessel’s bottom was surging over a large tight
hawser.

Osservarions v Toxkro.

One gentleman writing from Tokio speaks of having
distinctly felt three shocks, the last one being the most severe.
Another says the house rocked like a ship in a gale.

At Shinagawa the motion was described as being at the
heaviest part, similar to that of a small boat tossed about
amongst heavy tide rips.

This latter observation was made upstairs in a Japanese
house. Another observer under similar circumstances des-
oribes the motion as being so strong that he had twice to
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shift his position in order to secure a better footing. He
found that he could keep himself the steadiest when looking
westward, just as we would be steadier in a rolling ship when
looking towards the bows.

In one brick house the motion was described as being
such that you were induced to imagine that the walls would
suddenly give way and close in upon you. In another brick
house, however, the motion was described as being a swinging
of the whole building but without the rattling which youn
usnally get with the smaller shocks.

From these observations we see that there were at least
two periods when the motion appeared to reach a maximum
and also that the motion was sufficiently great to set up an
oscillation in a building, this probably rocking bagk and
forth with a slow period of its own. From my own ex-
perience I should say that the shock commenced gently, it
then reached a maximum, to some extent died away, then
reached a second maximum, from which it finally subsided
as gently as it had begun.

MoOTION As FELT BY PERSONS OUT OF DOORS.

One gentleman with whom I conversed told me that
finding his doors were jammed by the shock he escaped
through the window and immediately fell with his back upon
an earth bank in the garden. Whilst there he says that he
distinctly felt a palpitation in the ground.

This ig the only record which I have of persons who were
out of doors at the time of the shock experiencing any motion.
Several persons heard the noise of falling chimneys and a
general roar, probably due to the breaking and creaking of
timbers. This made them suppose that an earthgnake was
taking place, but they themselves did not feel the sightest

motion.
Several persons who were travelling in jinrickshaw at

the time of the shock reached home unaware of the fact that
there had been a shaking. This I may remark was in Tokio,

Pergonally, I do not remember excepting upon one
occasion when skating, ever having been aware of a shock
having taken place whilst I was out of doors.
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Observations like these I think clearly show us that an
earthquake which would almost shake a city down might
if we were dwelling in tents or outside brick or wooden
dwellings be on many occasions passed by almost unnoticed.
Remarks bearing upon this point will be found where I speak
of the sounds which accompanied the earthquake.

CHARACTER OF MOTION AS GIVEN BY INSTRUMENTS,

From the observations at Yamato Yashiki it would appear
there had been three shocks, the times of which have already
been given. The two intervals between these three shocks
are 57 seconds and 2 minutes 3 seconds respectively. As the
second shock is veported as having been the larger of the
two we Ban hardly regard it as being the reflection of the one
which preceded it. It is, however, quite possible for the
third to have been a reflection of the second. If we imagine
the shock to have travelled at a rate of about 1 mile in five
seconds, in the interval between the first and second shocks,
it may have travelled a distance of about 24 miles or suffered
a reflection at some point about half this distance from Tokio.

Such a supposition would agree with the evidence which
has already been adduced to show that there may have been
shocks in two directions, one of which we suggested as
possibly being the reflection of the other.

The other explanation of this fact would be that the
earthquake had been made up of three successive blows such
for instance as we might imagine to occur during the
formation of a fault or fissure, and that each of these had
sent out its vibrations into the surrounding districts.

The nature of the movement as indicated upon a smoked
glass plate which during the first part of the earthquake
moved beneath a pointer depended from the bob of a heavy
pendulum about 25 feet in length, was, so far as it extended,
extremely satisfactory. The length of this plate is abous
9 inches but the length of the mark made upon it, is only
about 7% inches or more accurately 190 millimeters. The
time taken to travel this distance as near as I am able to
measure it, was about 3 seconds and during this time only
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two waves were drawn. Had the plate been somewhat longer
and moved more slowly a registration of the whole earthquake
might possibly have been obtained.

The shape of these waves may be plotted from the
following table.

The central column gives distances in millimeters
measured along a strait line 190 mm. in length drawn from
one end of the curve to the other. The direction of this line
is about 15° E. of N. The left hand column gives distances
from this line to points on the curve measured to the left.
The right hand column gives similar distances measured to
the right.
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In Fig. 11 this curve which is the upper one is so
plotted that the total length of the curve has been divided
by five whilst its amplitude has been multiplied by five.

The latter portion of this curve measured horizontally
is somewhat exaggerated, the plate having been actuated by
a falling weight turning a roller which winding up a thread
pulled the plates along. ‘

A second plate moving at right angles to the one des-
cribed, which was drawn along by athread from the same roller,
gave a curve from which the lower part of Fig. 11 has been
drawn. It vepresents a length of 85 milliemeters and was
plotted from the following measurements which have the
same meaning as the measurements just given.

0 0
0 0
250 L 10 ... 0
o .. 15 ... 0
S 20 ... 0
o ... 32 0
o ... 45 ...
0o ... 2 0
25 L 8 ... 0

Looking at the lower of these two figures it would seem
that rather than an earth particle having vibrated back and
forth with a regular motion it had been moved by sudden
jerks or kicks. From similar diagrams obtained from previous
carthquakes and also from succeeding ones it would seem
that such is more likely to be the general character of the
earth’s motion rather than that of a series of regular vibrations.

If the crust of the earth received a single blow and
thus were set into a state of vibration which vibrations
gradually died ont, it is easy to conceive that a series of
regular curves might be drawn upon a plate moving with the
earth which plate was marked upon by a steady pointer.

So far as can be judged of from what we feel at the
time of an earthquake and from the irregular curves which an
earthquake writes upon moving plates, it would seem as if
the motion was compounded of a series of blows or jars
struck in such quick succession that all regular vibrations-
appear to be destroyed. Now and then perhaps an earthquake
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may be experienced which is like the single blow and with
suitable apparatus the resulting quivers may be registered.
These, however, so far as my experience has gone will prove
themselves to be the exception rather than the rule. More
delicate apparatus wherewith to register and magnify these
motions may possibly lead us to more definite results.

AMPLITUDE AND VELOCITY OF AN EArTH PARTICLE.

The greatest amplitude of the two jolts which I have
registered are respectively 1 and 1.25 millimeters. The first
of these was made whilst the plate moved a distance of 10
millimeters between 45 and &5. Assuming that the plate
took 3 seconds to move 190 millimeters, the motion being so
slow on account of frictional resistances, duly considering
acceleration, the time to move from 45 to 55 would be about
158 second. That is to say at this period an earth particle
had a maximum velocity of about 21 mm- per gecond.

At the time of the second jolt the maximum velocity when
calculated in a similar manner wounld be about 22.5 millime-
ters per second.

During other portions of the shock it is very possible
that the velocity may have been much greater than this.

OBSERVATION WITH A SWINGING PENDULUM.

As interesting an observation as the above is one which

was made with a heavy pendulum with a pointer, which at

- the time of the earthquake was set swinging over the surface
of a smoked glass plate.

When this pendulum, which is abount 18 feet long and
carries a bob of 20 lbs, is swinging, it takes, as deduced from
a number of observations, about 2 seconds to make a single
swing, the pointer at the time tracing out a number of
ellipses on the smoked surface of a glass plate. At the time
of the shock the pendnlum after making a short line on which
there are two irregular jolts, the respective lengths of which
are about 3 and 8 millimeters, described five ellipses.

The total length of these is about 2 inches, and the total
breadth half an inch. At the fifth swing the pointer passed
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over the edge of the glass plate and dropped out, so that
markings then ceased to be made. The time taken to make
these ellipses must have been about 10 seconds. Tle irregulari-
ties on them, which may be described as a number of rip-
ples, are such as can be produced by shaking the table whilst
the pendulum is swinging or by a wobbling motion in the
pendulum itself. As I do not see how wobbling could have
been set up I am inclined to think that they were produced
by the earthquake having caused a shaking in the table. In
the smaller of these ellipses, which means the ellipses which
were formed when the pendulum was moving at the lowest
velocity, the ripples are numerous and crowded togethers
whilst in the larger ellipses which were formed when the
swing of the pendulum would be at its quickest, the ripples
are drawn out into gentle undulations.

In consequence of the manner in which these ellipses
intersect each other and the fact of their being 8o irregular
in themselves it is an exceedingly difficult matter to separate
them from each other by simply glancing at them. To
remove this difficalty I have represented four of them separa-
tely in Figs 12, 13 and 14.

YA/ S
SN "‘ \

(Fig. 12.) (Fig. 18.) 1(Fig. 14.)
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These drawings, which were made by carefully tracing
a photograph, of the smoked glass plate, are of the natural
size. Their relative positions would be obtained by super-
imposing them on each other so that the line N. S. which
i8 north and south was coincident in each of them.

Even if we take the very largest motions which seem
to be indicated upon these figures, such as the whole width
of the upper end of Fig. 12, we see that the motion of the
plate beneath the pointer has not exceeded 10 milli-
meters.

From the ripples in Fig. 12 it would seem that the
greatest motion had not exceeded 2 or 8 millimeters, a result
which agrees fairly well with the results obtained from the
sliding plates.

Looking at the left side of Fig. 12, 8 ripples may be
counted ; on the right side, which is incomplete, there are
about six. On the left side of Fig. 13 there also appear to
be about 6 rippies.

This would seem to tell us that there must have been
about three vibrations per second. From this it follows that
if the amplitude of a vibration was aboust 1 or 1.5 millimeters
as it seemns to have been, then the distance travelled by
an earth particle would be about 12 or 18 millimeters per
second. This means a maximum velocity of about 19 mm- or 28
mm- por gecond. These curves it must be observed were pro-
bably made during a different portion of the shock tnarn those
previously discussed which were certainly made near to the
commencement of the movement.

As the whole of these latter resulis may be described as
being accidental ones, and therefore subject to errors difficult
to eradicate, I will not lay great stress upon them.

They have, however, been so suggestive of a method
which may be employed that I am at the present moment
arranging one of my long pendnlums so that at the time of
an earthquake it shall be set off in an elliptic motion. In
this manner I hope to obtain a repetition of what hitherto has
been an accident. Owing to the length of the pendulum, the
method in which it is supported, and the fact that it will be
a heavy body in motion, so far as not being affected by the
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earthquake it ought to combine the advantages of the long
pendulum and those of the gyrostat.

For the Neapolitan earthquake of 1857 Mr. Mallet gives
maximum velocities for the motion of particles as being from
9.78 to 21.23 feet per second, the mean being 12.039 feet per
second. This velocity appeared to decrease as the distance
from the seismic vertical increased.

The amplitudes were from 4.75 to 2.5 inches, the greater
amplitudes increasing as the distance from the seismic vertical.
Taking 8 inches as an average for this amplitude and comput-
ing from the average maximum velocity we see that the
average number of vibrations must have been 7.8 per second.

The horizontal motion of an earth particle as given by
the apparatus of Dr. Wagener, which observations have been
kindly forwarded to me by Mr. Knipping, was approximately
91 millimeters. Mr. Knipping tells me that because a portion
of the apparatus broke this measurement must be regarded
as a lower limit. _

As I know from personal observation that during this
shock pendulums from 2 to 30 feet in length put up in
various ways, some attached to flexible roofs, and some to
stiff frames, swung violently, I am inclined to think that
the high measurement just recorded may have been due to
s similar cause. :

In Yokohama I met with an interesting observation
indicating to us something about the amplitude. This was
at a house upon the Bluff overlooking the sea. The house
was built of successive tiers of obling blocks of stone, the
joints between the stones being vertical. In consequence of
the earthquake the joints in many cases opened, there having
been a lateral shifting of the stones. In some cases the
joints of several stones in a tier had been opened, whilst in
another tier it was only one joint which had sej arated.

The noticeable point, however, was that it would appear
as if the average width of all the cracks taken in any one
tier was about equal to the average width taken in any other
tier, or, in other words, the sum total of the width of openings

in one tier was equal to the sum total of the width of open-
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ings in another. One of the largest openings which I measur-
ed was £ of an inch in width, In another house built of
brick the width of the erack was only about } inch.

In the Culabrian earthquake of 1857 it was from obser-
vations of this sort that Mr. Mallet deduced the measurements.
which he has given for the amplitude of an earth particle.
He himself, however, does not seem to place much reliance
in them. Reckoning in the same way we might say that
this house gave us evidence of a movement of £ of an inch
or about 21 millemeters, a measurement it will be observed
coinciding with that given by Dr. Wagener’s apparatus. I
myself am inclined to think that the sudden jerk with which
these bodies have been moved tends to throw them farther
than the actual distance through which the jerking motion
itself extended, and therefore that these results are somewhat
exaggerated.

The extent of motion may also be judged of by the fact
that in Yokohama a lamp with a supporting rod 8 ft. in length
swung through an are of 15 or 16 inches, whilst another
with a support of 6 ft. swung through an arc of 2 feet.

In Tokio, at the German Legation, a lamp with a 9 ft.
support swung through a distance of 2 feet, and at several
houses Kakemono (long flat picturcs) were observed to oscil-
late whilst hanging on a wall through distances of from 12
to 18 inches.

The swing of objects like these, however, would largely
depend upon the oscillation of the building in which they
were suspended and not directly upon the movement of the
earth.

Another method of arriving at the maximum velocity
of the wave would be an application of the formula of Pro-
fessor Haughton as used by Mr. Mallet when working on the
Neapolitan earthquake, in conjunction with the few observa-
tions which have been given when speaking of projection ov
the overturning of bodies.

If V be the velocity of shock.

b the height though which the centre of gravity of a
body descended.
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a the horizontal distance traversed by the same centre.
¢ the angle of emergence.
Then for projection due tothe first semiphase of the wave.

k ] a!g
V- 2 cosle (b—a tan e)

For projection by the second semiphase.
!= a!g
v 2 coste (b—|-atan e)

Farther on it will be seen that I have taken 6° or 18° as
being the most probable value for e. Taking the case of
the Japanese lantern which, from the direction in which it
fell, appears to have been projected by a shock in its first
semiphase b=6 and a=4. Substituting these valnes in the
first of the above equations, first for an angle of emergence
of 6° and then for one of 18°, we obtain as maximum veloci-
ties 6.8 and 6.7 feet per second. In a similar manner, by
using the remaining data which have been given, analogous
resuits might be arrived at. The discrepancy beteen these
results deduced from theoretical considerations, and those ob-
tained from intruments are very great, but I think they are
explicable.

My observations made by the sliding plates represent a
portion of the shock very near its commencement. As the
shock increased in intensity the maximum velocity deduced
from my observation i3 near the minimum of the different
velocities with which the shock subsequently moved.

Mr. Mallet makes calculations respecting the velocity
of the horizontal component of a wave from the arc through
which a pendulum was swung by a single undulation. As it
seemed to me that the varions pendulumsI observed to swing,
did so in consequence of the house in which they were
suspended gradually commencing to swing, the formula can
hardly be applied. The same remarks apply to the records
which T have received of the swing of lamps.

For the calculation of the velocity of a wave particle
from the overturning of bodies I am also without very
definite observations. What can be said on this subject
however, is, that rectangular gravestones with a cross section
of about 10 in, and & height of 40 in. resting on stone basea
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were not overturned, whilst iron columns in the form of
truncated cones with a section at the ends of 12 and
73 milliiveters and 160 millimeters high, were thrown
over. .

For the overturning of a rectangular parallelopiped Mr.
Mallet uses the formula

2 i
V=$9X L;*b:'l“% (s -ro0)*~ “Z‘

where a==the altitude, b=side of the base.

Substituting for @ and b the values given for the
dimensions of one of the smallest gravestones we find that
the lowest velocity necessary to overturn such a stone would
be about 4 ft. per second. Supposing such a stone to have
"had a basal section of 12 inches the height remaining the
same, the required velocity would have been almost 2§ feeb
per second.

From the manner in which stones of these dimensions
were shaken and moved, it is probable that they must at some
period or other have been nearly overturned, and that if we
regard this overturning tendency to have acted like a sudden
blow then we may say that the velocity of the shock must
at one time have been very nearly two feet per second.

The general formula used by Mr. Mallet when discussing
the overthrow of various bodies is

3
s k 1—cosf
v=9X a X coss £

Where a=distance in feet from the edge over which
the body turns to the centre of gravity, f is the angle
between the line a and the vertical, k¥ is the radius of
gyration.

This formula has been applied by my colleague, Mr.
Thomas Gray, to the overturning of the truncated iron cone
as follows.

Let h=height of frustrum.

R=—the radius at the top.
r= ’ ” bottom.
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Then the square of the radius of gyration round
tangent to its base ig

g LB
/h(x B ) ax

____83h*RB-r) ((B-r)® | B—r g
=—pa 1 Tz g } ’°R”-’"

_1_ .

For the case in question substituting r=6, B=18.5,
h=155, as a result £%==10,630 mm.

Ingerting this value for %? in the general equation the
velocity resulting from this calculation is about 58 millime-
ters per second.

This result accords pretty clogely with the result obtained
from the moving plates, and it is probable that like this
latter it indicates the velocity at the commencement of the
motion. The velocities of 6 and 7 feet obtained from
calculations based on the falling of a stone lantern, I am
inclined to think are much too high, owing to the want of a
trune knowledge of the actual conditions, it, for instances
being quite possible that the mpper part of the lamp when
falling may have struck upon the edge of the projecting shelf
on which such lamps usually rest, and bounding off from which
has had its distance of horizontal projection considerably
eugmented.

The limiting velocities we may thus say were, at the
commencement of the shock in Tokio about 50 millimeters
(2 inches) per second, and during the severest portion of the
shock in Yokohama nearly 2 feet per second.

In many cemetaries like the one at Atago-Yama in Tokio
I have not the slightest doubt but that many of the smaller
gravestones were actnally thrown over. To distinguish
these from the hundreds and I think I may safely say thou-
sands of others which have been knocked down for the amuse-
ment of idle visitors, is a difficulty which can be only
appreciated by those who are familiar with the confusion of
ruin which prevails in the cemetaries like those I speak
sbout. The stones which are most easily piiched over are
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those which are in shape something like an elongated egg
standing on a truncated end. A few of this form which
were recently erected were possibly thrown over, but to
distioguish them from the hundreds of others amongst which
they have tumbled, is too uncertain an undertaking for the
results obtained therefrom to be of any value.

When speaking of the overturning or projection of
bodies I have unreservedly used the same formule as those
employed by Mr. Mallet. These formule appear to be based
on the supposition that a body is overturned or propelled by
the sudden acquisition of momentum,—the earthquake acts,
in fact, as if it struck a blow. In some cases this may
possibly be a just assumption, bub it would seem that cases
may occur when we must be on our guard in our application
of formule based on such a supposition.

In this last shock it would seem that many of the graves-
tones had been thrown into violent motion without being
overturned, and it is not unlikely that they were rocked back
and forth with a period partly dependent on their shape. Had
the shock been a little more severe the rocking might by the
synchronisms of the earth’s motion with that of the column
caused this latter to have fallen over. In cases like these
which will be numerous whenever an earthquake commences
gently, the determination of the velocity which overturned a
body will to a great extent depend upon the principle of
relative vibrational periods already spoken about. These
remarks may help to explain the differences in the calculations
for maximum velocity.

When speaking of the area over which the shock was
felt the size of this area was used as a means of comparing
the energy of this shock with shocks like those which have
been felt at Lisbon, Naples, and other places,

Another method of making such comparison would be to
compare together the motion of an_earth particle at equal
distances from the origin of two such shocks. Thus in the
Neapolitan earthquake of 1857, from Mr. Mallet’s researches
we find that at a distance of about 16 miles from the seismic
vertical the velocity of an earth particle was about 12 feet
per second. At the same distance from the seismic vertical
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the velocity in this last earthquake was under four feet per
second. Comparing these two shocks together according to
the squargs of their velocities they would be to each other as

144: 16 oras 9: 1.

By the other method of comparison, namely, by the square
of the radii of the area over which the shock was felt with
similar intensity the Neapolitan shock would be to the
Yokohama shock as

1402 : 502 or about 8 : 1.

These radii represent distances from the origin at which
the shock was sufficiently strong to be recorded by seismome-
ters. The comparison might have been made by taking dis-
tances at which the shock was just sufficient to slightly shatter
buildings.

As a result we see that we may regard the Neapolitan
earthquake to have been either 8 or 9 times greater than the
Yokohama shock. These great discrepancies are no doubt due
to the inequality of circumstances not considered under which
these two earthquakes respectively occurred; much for in-
stance would depend upon the relative depth at which these
shocks occurred, the configuration of the ground they had to
move, and the nature of the rocks. These results must then,
like many of the calculations applied to geological problems,
only be regarded as a means of giving faint conceptions of
things which, being outside one’s every day experiences, we
should otherwise be totally unable to form any definite ideas
about and not to be looked at as absolute and accurate con-
clusions as we are liable to look at mathematical results.

Verrican MOTION.

When speaking about the general character of the move-
ment it was stated that a considerable amount of vertical
motion, had been experienced. This was recorded by several
machines,

A portion of Dr. Wagener’s apparatus indicated a vertical
movement of ‘56 mmn.

Mr. Gray’s instramont indicated a vertical motion of about

three millimeters. Two spiral springs suspended vertically,
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carrying at their lower end a heavy weight which I have been
using to detect vertical motion, gave very definite indications.

One of them made of steel wire about 8/8 of an inch in
thickness twisted into a spiral about 3% inches in diameter
and 2 ft. long, carrying a weight of about 20 lbs. gave a
vertical movement of about 8 mm. This spring makes
about 4 vibrations per second. The second spring which
makes about 1 vibration per second and is made out of wire
about 1/8 of an inch thick, forming a coil 16 long and 2}in
broad oscillated through a distance of from 5 to 15 mil-
limeters.

Both of these springs were suspended from a rigid frame
standing on a stone column.

The self-recording Barograph at the Yamato Yashiki
Observatory gave a line indicating a vertical motion of one
millimeter. This means that at the time of the earthquake an
iron cylinder floating in mercury in consequence of its inertia
remained steady whilst the mercury in which it floated was
raised up round it one millimeter above its usual height.

An instroment like this, although not constructed for
observing earthquakes, ought to give a fair approximation to
the true vertical motion. The principle on which it works,
I may remark, is similar to that on which Dr. Wagener’s
recorder of vertical motion works.

AxcLe oF EMERGENCE.

From the various observations which have been given
of the horizontal and vertical motion it is an easy matter
to calculate the angle at which the shock may be supposed
to have emerged. The angle of emergence as calculated
from the horizontal and vertical movements as given by
Dr. Wagener’s appparatus would be about 1°.5'. The hori-
zontal motion which was here given, namely, 21 millimeters,
I am inclined to think was too great, and the observations of
from three to five millimeters are probably much nearer to
the motion which actually ocenrred. With a vertical motion
of 0.56 and a horigontal motion of 3 millimeters the angle of
emergence would be 10°5 whilst if the horizontal motion
were 5 millimeters the angle would be 6.° 25, Taking a
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horizontal motion of 3 or 5 millimeters with a verfical motion
of 1 millimeter as given at the Yamato Yashiki Observatory
we obtain an angle of emergence of 18 or 11°. Taking an
observation like that of Mr. Gray’s or my own on which I may
remark I do not put so much reliance as I do upon that made °
by Dr. Wagener’s instrument, where we have a vertical motion
of 3 millimeters, the above two angles would, with the same
horizontal motions as before, respectively become 45° and 31°.
That the angle of emergence was great may be judged of by
the angle made with the horizon by cracks in walls. Here
then we have as limits for one angle of emergence at Tokio,
and I may add Yokohama, as it is situated at about the same
distance from the origin, on the one hand 45° and the other
11° 5. When we consider how window catches were drawn
upwards in Yokohama, and other phenomena which occurred
I do not think we can accept this latter observation.

The most probable deduction appears to me to be one
deduced by the combination of the observations made on
vertical motion by Mr. Knipping, and that given by the Baro-
graph, with the observation upon horizontal motion as made
by myself. This would give as the angle of emergence, both
in Tokio and in Yokohama, something between 6° and 18°.

Depra oF THE SHOCK.

As the distance from Tokio and Yokohama to the surface
point above the origin of the shock as measured on the map
is in round numbers about 16 miles, and the angle of emer-
gence is either 1.5° 6.25° 10.5° 11°, 18°, 31° or 45° The
depth of the shock as obtained by plotting may be either .
¥ Lfs 2:85.8%, 6% 9% or 16 miles.

However, as we have considered the second, third, fourth,
and fifth of these angles of emergence to be the most proba-
ble, the most probable depths will be from 1% to 5 miles.

It riust be remembered that even if we had sufficient
data to make our results absolutely accurate, we should
always expect to find that the origin would have different
depths according to the point down to which we measured,
the origin probably being somecthing of the nature of an
underground fissure which had definite lengths and breadths
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and "depths of its own. This caleulation for the depth of the
shock it will be observed depends on a certain vertical move-
ment which was registered. If this wertical motion is due
to tramsverse vibrations the calculation is valueless.

SoUND WHICH ACCOMPANIED THE SHOCK.

In Yokohama three correspondents seem to have heard a
sound. Two of them, however, say that the sound they heard
was during the shock and was such as might be due to the
rattling of dishes, the straining of timbers &e. One observer,
however, appears to have heard a sound before the shock
which he likens to that which would be produced by a
runaway waggon.

In Tokio one correspondent tells me that he heard a
noige after the shock, whilst four tell me they heard a
rumbling sound before it. One gentleman tells me that
almost always before a shock he has heard a sound like that
of a rushing wind beneath the earth, whilst another says the
sound which preceded this shock was similar to that he has
heard hefore other shocks—very like the sound of a heavy
waggon. In one instance the sound is described as a dis-
tinct rambling as if coming from a sontherly directior. This
was so distinet that he felt convinced that not only would
there be an earthquake, but that it would be one of unusual
severity. I myself did not hear any sound at or before the
time of the shaking, nor have I ever heard a sound on other
similar occasions. Many with whom I have conversed how-
ever have heard sounds.

At some places as at Kamiishi I find that a sound invari-
ably precedes a shock, and sometimes precedes it so mnch
that persous would have time to escape from a house before
the arrival of the shock itself,

At this particular place, from what I know of its
survoundings, it would seem that the sound must cmanate
from the ground itself, being produced by the earthquake at
or near its origin.

In a large city like Tokio or Yokohama, however, that
such should be the case is a supposition which is hardly
necessary. The shock in reaching one extremity of the city
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may, by the creaking it produces in the timbers of the
houses and the rattling of loose shutters, and the like give
rise to a roar, which, travelling through the air at the rate
of 1000 feet per second, may reach the opposite side of the
city before the shock, which latter coming through the
soft alluvium probably does not travel at above 800 feet per
second.

Some of the observations which we have point to an
explanation like the latter, whilst others seem to point to
the former; and it does not seem to be unlikely that there
may be something of truth in both.

Rattling noises produced at the time of an earthquake
seem to be characteristic of many Japanese houses.

This seems to arise from the sliding doors and windows
which form the walls of almost every room in a Japanese
house. One friend of mine who has had these sliding
shutters fitted with glass tells me that they rattle before
almost every earthquake, being sensitive to small tremors
which without the noise would have been passed by unnoticed.
This observation I can confirm by observations made in a
brick building which has door-like windows. Tach time that
I have heard these gently rattle I have noted the same, and on
several occasions they were subsequently proved to have
been caused by an carthquake to the motion of which I
myself had been insensible.

STATE OF THE ATMOSPHERE, &C.

In all countries where earthquakes are felt and since
the earliest times, connections have been sounght between
earthquakes and the state of the atmosphere. Considering
that npon our globe there are, as Professor Heer tells us, at
least two earthquakes in every twenty-four hours, it is
impossible that there should be no coincidences of this
description.

That fluctuations in the barometer, rainy seasons and
meteorological changes generally, should be the immediate
eause of earthquakes it is difficult to see the reason of. We
can, however, imagine that these phenomenon may have a
feeble and distinct relation to each other. '
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Thus it is possible to conceive how the sudden increase
of barometric pressure, say to the extent of one inch over an
area ready to give way may cause ibts sudden rupture or at
least, be sufficient to produce a crackle in it.

Although there are many residents who will tell us
that at the time of or before an earthquake peculiar sensations
- which might be due to atmospheric cause have been
experienced, I am not aware that any definite connection
between meteorological phenomena and the occurrence of
earthquakes has hitherto been shown.

One resident in Tokio informs me that before an
earthquake he often feels it close and dull.  Before this last
earthquake another tells me that he felt it oppressive. An
observer in Yokohama says that before the shock the wind
which had been blowing strongly from the south-west
suddenly fell away to a calm. Immediately afterwards it
blew freshly from an opposite direction, and it felt cold.

By looking over the records of the Yamato Yashiki
Observatory I find the following.

At 9.30 p.m. on Feb. 20th the barometer stood at 29.92
from which point it gradually sank until the time of the
shock when it was about 29.71. Shortly after this it com-
menced to rise, and at 9.30 a.m. next morning, that is on the
22nd, it reached 29.95.

The mean pressure for the whole month of Feb. was
80.134 inches. '

On the 20th it was 29.910
,,  21st 29.845
»  22nd ,, 29.913

But for several days before and after this date it was
above 30 inches. We can therefore safely say that the
shock took place whilst the barometer was low and at a time
when the mercury in the tube had almost reached one of
its lowest points during one of its falls.

Hitherto, in our reference to earthquakes being due to
variations in atmospheric pressure we have only referred to
them as being occasioned by an increase of such pressare.
In the case before us, an earthquake has occurred when the
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reverse hag taken place. We might here ask ourselves whe-
ther it is possible that changes of this description can
in any way be connected with the occurrence of an earth-
quake. Is it possible, for instance, for gases which were
safely held down when restrained by the earth’s crast and
a pressure equal to the weight of 30 inches of mercury to
expand and crack the crust which bound them when a
portion of this latter weight is removed ? Tf it is, we have
another agency to add to the list of causes which may
tend to make an earthquake.

At 9.30 p.m. on the 21st that is about 3 hours before
the shock the air temperature was 45.2°F. The average air
temperature for the month at 9.30 p.m. is 41.1°. We can
not say that there was anything remarkable in the tem-
perature as observed either before or after the shock.

At 10 p.m. before the shock the wind was N.N.W. and
had a velocity of 9.2 miles per hour at 8 a.m. Next morning
it had shifted round to the E.N.E. and had a velocity of
10.2 1niles per hour. ‘

I might here record the dew points, the rain fall, the
evaporation, the quantity of ozone observed in the atmosphere
and the like which were recorded at and about the time of
the earthquake, but as these phenomena do not seem to
show any relation with it, and as it is an easy matter for those
who are desirous of making such comparisons to obtain
the necessary records I will omit to mention them.

NavussA AND SICENESS.

Amongst the accounts of large earthquakes we find many
well authenticated records of the motion having been
sufficiently great to produce a feeling of sickness and even
vomiting. Mr. Mallet in his report to the British Association
in 1858 mentions an instance where an carthquake pro-
duced nausea and vomiting amongst all the -pupils of a
large school.

From phenomena of this sort we do not appear to be
exempt.
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One correspondent writes that at the time of the shock
~ he felt a slight nausex. A similar feeling was experienced
by a gentleran who was staying in my house at the time.

Another writer says “1 felt sea sick, but am a bad
sailor; Another writes the sensation was like that of sea
sickness, but there was more giddiness than actual nausea.”

A near neighbour of mine says he felt quite sick. A
resident in Yokohama repeats an cxperience of the same
sensation.

One gentleman writing to me says it seemed “as
if something awful and undescribable were going on which
you were utterly powerless to avert. You felt small. The
second sensation was one of sickness accompanied by
giddiness and a violent head ache My wife has heen
seriously ill ever since.”

Another correspondent says ““a feeling of heaviness was
felt before and at the time of the shodk which passed away
immediately afterwards.” Whilst another says ¢ his children
were restless.”

In two cases actual vomiting was produced. 1 have
received three records of Japanese who slept through the
shock and were not conscious of any thing whatsoever having
taken place until next morning. To these I may add one
foreigner. .

These four instances are certainly remarkable as excep-
tional cases of sound sleep, an explanation for which I am
unable to give.

If I had been able to collect information from all who
felt the shock in and abont Tokio and Yokohama no doubt,
the records of sickness would have been more numerous.
What the origin of this sickness may be, it is difficalt to say.
Perhaps it is in part due to the actual motion, like the sick-
ness which is produced by the sea, and perhaps it is partly
due to a sudden nervous excitement.

The lower animals so far as I have been able to learn
do not seem to have been affected. This is perhaps, because
at the time few observations were made upon them. One
gentleman in Tokio tells me that at the time of the shock a
cat which was in his room exhibited strong feelings of
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distress, running backwards and forwards before the door
which was closed, evidently wishing to escape. The foxes
outside barked, and the horses kicked down some of the
boards which confined them in the stable.

From these records there is no doubt but that the lower
animals like their superiors were fully aware that something
unusual was taking place from which they were evidently
desirous to escape.

CONCLUSION.

Some of the more important general conclusions which
I come to with regard to this earthquake and its effects are
as follows. It originated somewhere on the eastern side of
Yedo bay on or near to the coast of northern Kadzusa, at
about 10 minutes before 1 on the morning of February 22nd,
1880. The origin was probably the formation of a fissure
stretching about east and west parallel to the range of hills
which divided Kadzusa and Awa and to many of the
numerous faults which are seen to traverse the rocks of
that district. It is possible that it may have been an attempt
to form a new fissure or to prolong one which already
existed, and thus prolong the line of volcanos coming
through the Bonins and Oshima. From this origin the shock
spread over an area of country within a radius of at least 120
geographical miles.

After passing some distance from the origin it seems to
have spread with the greatest iutensity towards the north-
west and the north north-east.

The angle at which the wave emerged in Tokio and
Yokohama was probably somewhere between 10° and 18°
which would indicate that the shock originated at a depth
of from between 3 and 5 miles. At Tokio the horizontal
motion appears to me not to have been more than 10 millime-
ters, whilst its maximum velocity at the commencement of
the shock was 21 mm. per second. In Yokohama the
maximum velocity duving the most severe portion of the
shock was under two feet. The vertical motion may have
been as much as 1 millimeter. 'The motion as evidenced by
the senses and also by a diagram drawn by the motion of
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the shock itself, shows that the movement was one of jolts
rather than one of periodic vibration. Periodic vibrations,
however, may have existed with the jolts. There were
from 2 to 3 vibrations per second.

When we look abt the records which I have given it is
vory striking to observe the dissimilarity in accounts which
I have received respecting the same phenomena. With regard
to the intensity of the shock, that it was manifested with
different degrees in different localities is evidenced by its
effect upon buildings, and this is confirmed by the sensations
of observers. In looking at the records of direction we
observe that the whole 32 points of the compass would not
include the different directions which have been recorded
by observers living in the same town, from which we infer
that great errors might have been made by persons relying
upon only one such observation. Although there were
variations in direction for the same locality like Yokohama
these variations were not so great as to include all the
observations which were given to me. The evidence I rely
upon when making this statement is the fact that such
changes in direction were observed by instronments. Thus for
instance in Tokio by 5 different instruments we had no less
than 5 directions varying between N. and N.W. given to us.
The reason that we obtained these different results is partly
because the instruments were different in construction, but
chiefly I think on account of their being in different posi-
tions, one being on a hill, another in a valley, &e.

Not only did these instruments register different direc-
tions, but they also registered different intensities. We
know from theoretical considerations and we have inferred
from observations as in the present case, that a wave on
passing from one rock to another suffers reflection and
refraction. In this manner as it travels on from point to
point it will change both in its direction and its intensity.
Not only in this manner might the character of a wave be
altered, but it may be affected by the contour of the ground.
In a place like Yokohama partly situated on a plain, partly
on the top of irregularly formed steep bluffs and partly in the
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deep tortuous valleys which divide these bluffs these pheno-
mena ought to be exhibited in & very remarkable degree.

The most severe earthquakes which visit Yokohama
appear to come from the same quarter as the last great one,
and the reflections and refractions which one wave suffers
will be suffered in a similar manner by all the others. If
we were to establish 20 simple but similar seismometers in
different portions of the Yokobama bluff and settlement, I
think that in a few months we should find that for certain
shocks certain places had been in shadow whilst others
had felt them severely, at one place the shock had passed
in a westerly direction whilst in another 1t had passed in a
north westerly direction.

In fact we should be able to map a shock and show it
ramifying across a plan of Yokohama like the branches of a
tree, the thickness of which at different points might be used
to dcnote its intensity. By experiments of this sort we
should test the valuc of our ground, as being favourable or
unfavourable for the display of seismic energy. We should in
fact put ourselves in the same position with rogard to the
hill or plain on which we live, as we do with regard to the
water which we drink. We analyze our wells, why not analyze
the stability of our land ? This last earthquake has shown us
that earthquake phenomena are exhibited differently on dif-
ferent properties although they may be adjacent, and it now re-
mains for us to find out and measure the nature of these differ-
ences. Through the kindness of Mr. W. H. Talbot, and Mr. T.
Rose two similar instruments have been established in Yoko-
hama, one upon the bluff and one in the settlement and it is
hoped that very shortly we shall obtain some valuable results
from them. These however will only give the different inten-

- gities and directions at two points for any given shock, whilsé
to construct a map it is necessary that machines should be
established at a number of localities. The problem to be
worked out is so far as I am aware one which has not hitherto
been attempted. It is one which we have the opportunities
to work at, and further it wonld be of the greatest interest
not only as a tribute to scientific progress, but it would also
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‘be of interest to every one who lives upon the-shaken area.
All things counsidered the solution of this problem is to be
strongly recommended to the inhabitants both of Tokio and
Yokohama. I am glad to state that very shortly ten similar
seismometers will be established in Tokio.

Similarly we might test our buildings and find out the
effects of different foundations in warding off shocks.

When we look over the records of earthquakes which
have been felt during the last few months say between
October, 1879 and the middle of April, 1880, and observe that
in this period we have experienced no less than 50 distinct
shakings two of which were sufficiently strong to destroy
our chimneys, we see that we are passing through a pericd of
unusually severe seismic activity. If the instruments with
which these records were made had been placed in Yoko-
hama instead of Tokio, I think it more than probable that
the number of observations would have been greater. A
similar period of great activity seems to have occurred in
the spring of 1873 and people became alarmed lest these
smaller shakings should be the warnings of something more
severe which was to follow.

Prof. Heer tells us that on an average in the world there
are aboub 2 earthquakes every 24 hours. Lately in Japan we
have bad as many as & distinet shocks in one night, and
I think that if we had the means of collecting records from
the various portions of Japan Professor Heer’s average might
be farnished without an appeal to any other country than
Japan itself.

If we turn to the records of other countries and see
that during the past year earthquakes have been unusually
. frequent even in places which seldom if ever experience
shocks, many wouald be inclined to think that the ultimate
canse of these shocks had been identical. During the early
part of 1879 shocks were felt in many parts of Great Britain.
Switzerland, Italy, Hungary and Sicily were also violently
shaken. The year was concladed with a series of severe
shocks which burst open doors, knocked down various articles
from shelves and tables at and near Geneva on the night of
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Dec. 30th., What these general coincidences which exist be-
tween the occurrence of the seismic period of Japan and
that of parts of Kurope may mean I can not say, but I
should be inclined to regard it as being simply accidental.

Many in Japan have no doubt speculated as to whether
the shock which has now gone by was the climax of the
period through which we are passing, or whether the climax is
yet to come. One way in which we might examine such a
question would be by comparing these shocks with those
which bave passed. Thus in 1854 there was a severe shock
which shock was followed by another in 1855. Similarly we
have had a tolerably severe shock in December, 1879 followed
by another in February, 1880. If we had established the
fact that in the occurrence of earthquakes there was
such a thing as periodicity, then although the two shocks
are much smaller than those which occurred 25 years ago
we might look upon them as being their represcntatives
and we should now be in the position of looking forward
to a period of rest.

However as the law of periodicity has not been establish-
ed, if we reflect upon the various causes which may prodiice an
earthquake and the dissimilavity and variability of the
materials on which these causes act, it is difficult to see
how we can hope to establish a law for earthquakes like
that about which we have just now spoken.

Another method which we might follow when speculat-
ing on the probability of farther shakings being in stove
for us would be to consider whether in consequence of the
shaking we have already had, the scismic cnergy of the
districts around Tokio and Yokolama is exhausting itself
or not.

If we turn to the records of earthqnake-shaken countries
we shall see that nearly every seismic area appears to have
its periods of activity.

We have now been experiencing at least two months
of such a period, during which time we have had two tolerably
severe shocks. All this seems to meaa that the ground is
being elevated or depressed, or that volcanic forces are
endeavouring to form a vent. After all the motion which has
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taken place we can imagine that the ground has in every
probability been gradually assuming a more stable condition
and that the volcanic forces have been gradually losing
energy. Whether the ground has so far settled that for a
while it will remain at rest, or whether underground cnergy
has sufficiently expended itself is a matter of the purest
speculation.

One thing however appears certain and that is, that
having already passed through so much of a seismic period
the chances of a repetition of a destructive shock become
daily less and less.

I will now conclude. What I have endeavoured to do
has been to give the history of an earthquake from the
sudden jar which gave it birth, to the time it passed our
dwellings to fill us with alarm, until finally spreading out~
wards in ever widening circles its energy and motion became
dissipated and it died. Although its life was ephemeral per-
haps not existing as an earthquake for more than 10 minutes
its energy was safficient to shake the largest mountains,
What I have said about it has not been founded so much
. upon my own observation as upon the observation of others
Iu places my deductions from these observations have I
think been quite legitimate but in other places my remarks
may be only speculation.

If this earthquake had taken yplace in other countries
where instead of a single town like Yokohama acting as one
great seismograph there had been many cities to act in
that capacity’ the results which would have been obtained
would no doubt have been more accurate and more
numerous. Here the materials have been small and as a
consequence all I fear is that whilst endeavouring to extract
from them all it was possible for them to yield, they
may perhaps have been here and there strained too far
and as a result readers may think that conclusions have
now and then been based on very meagre data. Should
this be so the only excuse I can offer is that opportuni-
ties like these coming so seldom we ought to use them to
their best advantage for it is only by a study of those forces
which shake our globe that we can obtain a true knowledge
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of many of the great changes which have brought it to
the condition in which it now exists.

Further we must study earthquakes in order to glean
all we can about their effects, so that we may in future
guard ourselves against the calamities they oceasion.

From the lessons we have learnt by this last earth-
quake it is possible by slight variations in the structure of
our houses to prevent similar destruction under like eir-
cumstances taking place in future.

Only a few years ago earthquakes and like phenomena
which were ill understood, were regarded as curses on the
country where they happened, and became, in consequence,
a froitfol source of superstition. Even to this day we
find that catastrophes of this description have in South America
their anniversaries which are solemnly commemorated.

Now, however, since the labours of men like Mallet, we
regard them as a feature in the general scheme of nature’s
operations which are capable of investigation, and it is my
sincere hope that in the preceding pages, I may at least
have added a mite towards the elucidation of some of the
phenomena attending the manifestation of one of the smaller .
numbers of a series, which we know from history to have
been both long and terrible.






