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1. Report of Work done for the establishment of & Seismic Survey of the World.

ProrFessor MILNE has reported to the Committee that on January 31,
1895, he had issued a circular calling attention to the desirability of
obgerving earthquake waves which had travelled great distances, with
working drawings of the necessary installations.

Some months later Dr. E. von Rebeur-Paschwitz drew up suggestions
for the establishment of an international system of earthquake stations.
To this scheme Professor Milne and other members of the Committee lent
their names.

After the death of von Rebeur these suggestions were translated into
French and issued by Dr. G. Gerland of Strassburg, on his own respon-
sibility.

For this reason, but more especially because individual efforts have not
led to any definite results, the Committee have issued a letter to a number
of observatories requesting co-operation in the observation of earthquakes
which are propagated round and possibly through the earth.

Dr. Michie Smith has informed Professor Milne of the co-operation
which might be expected from the Government of Madras. The Kew
Committee have decided to establish an instrument.

Mr. Oldbam, Director of the (reological Survey of India, has evinced a
desire to assist in making observations. It is likely that Professor Turner
of Oxford will purchase a seismograph, whilst others have made inquiries
respecting the necessary installation. Sir Clement Markham has already
offered his hearty support in carrying out a seismic survey of the world,
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and there were strong reasons for believing that we might expect assist-
ance from both the Royal Geographical and Royal Astronomical Societies.

Letter sent to various Observatories and Persons.

BRITISH ASSOCIATION FOR THE ADVANCEMENT O0F SCIENCE:

Burlington House,
London, W.

Sir,—1It has been established that the movements resulting from a
large earthquake originating in any one portion of our globe can, with
the aid of suitable instruments, be recorded at any other portion of the
same ; therefore the Seismological Investigation Committee of the
British Association are desirous of your co-operation in an endeavour
to extend and systematise the observation of such disturbances.

Similar instruments should be used at all stations; and the one
recommended by this Committee as being simple to work, and one that
furnishes results sufficiently accurate for the main objects in view, is
indicated in the accompanying report (see pp. 2-4) by the letter M ; a
sketch of the same is shown on p. 7, whilst there is an example of one of
its records on p. 49.

We desire to know whether you are disposed to purchase, and make
observations with, one of these instruments, the cost of which, including
photographic material to last one year, packed for shipment, is about 50/,
Should you reply in the affirmative, we shall be pleased to arrange with
a competent maker for the construction of an instrument for you, and to
furnish instructions respecting installation and working. In case an
instrument be established at your observatory, we should ask that notes
of disturbances having an earthquake character be sent to us for analysis
and comparison with the records from other stations. From time to time
the results of these examinations would be forwarded to your observatory.

The first object we have in view is to determine the velocity with
whieh motion is propagated round or possibly through our earth. To
attain this, all that we require from a given station are the times at
which various phases of motion are recorded ; for which purpose, for the
present at least, we consider an instrument recording 2 single component
of horizontal motion to be sufficient. Other results which may be ob-
tained from the proposed observations are numerous.

The foci of submarine.disturbances, such, for example, as those which
from time to time have interfered with telegraph-cables, may possibly be
determined, and new light thrown upon changes taking place in ocean beds.

The records throw light upon certain classes of disturbances now and
then noted in magnetometers and other instruments susceptible to slight
movements ; whilst local changes of level, some of which may have a
diurna} character, may, under certain conditions, become apparent.

Trusting that you will find it possible to co-operate in this endeavour
+o extend our knowledge of the earth on which we live,

We remain, Sir (on behalf of the Committee),
Your obedient servants,

G. J. SYMONS, Chairman. C. DAVISON, } Joint Honorary
J. MILNE, Secretaries.
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It is requested that Replies be addressed to—

Tre SEISMOLOGICAL COMMITTEE, BRITISH ASSOCIATION,
Burrineron House, Loxpox, W,

Letter sent to the Foreign Office on February 25, 1897,

Shide Hill House, Newport, I.W .,
Yebruary 25, 1897,

To the Under-Secretery of State for Foreign Affairs, Whitehall, London.

Sip,—1I am directed by the Seismological Committee of the British
Association for the Advancement of Science to state that they are anxious
to obtain the assistance of the Marquess of Salisbury with a view to
ascertaining, through Her Majesty’s representatives in the countries
mentioned, whether the Governments of the same would be disposed to
co-operate in carrying out the observations indicated in the inclosed
circular, which are considered of great scientific importance.

The countries with which the Committee desire to communicate are
Chili, Peru, Ecuador, Venezuela, U.S. of Columbia, Mexico, Brazil, the
Netherlands for Java, Greece, Spain, Portugal for the Azores, Russia for
Russia and Siberia, and Japan.

Should his' Lordship be pleased to grant the assistance of Her
Majesty’s Government in this matter, I shall have the honour to forward
further copies of the circulars and pamphlets of which specimens are
inclosed.

The Committee have learned that the Government of Madras are
desirous to establish a station ; whilst Admiral Wharton, Hydrographer
to the Admiralty, considers the attainment of the objects in view of great
practical value to his department.

I have the honour to remain, Sir,
Your most obedient and humble servant,
JorN MirLxE.

Communteation with the Colanial Office.

A letter identical with that sent to the Foreign Office, and in which
thefollowing colonies were mentioned-—~Newfoundland, Bermuda, Barbados,
Trinidad, Jamaica, Honduras, Guiana, St. Helena, the Falklands, Cyprus,
and Malta—was forwarded on February 25, 1897, to the Colonial Office.

Communicatton witk the Under-Secretary of State for India, April 10, 1897,

A letter in terms similar to the two preceding letters was addressed
to the Under-Secretary of State for India asking for co-operation in
establishing one station at Aden, three in India, and one in Further
India.

The results of these three communications have been that the Marquess
of Salisbury has granted the co-operation which was asked, a reply is
promised from the Colonial Office, whilst the Under-Secretary of State
for India bas asked for and received more copies of our circulars and

reports.
K2
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In addition to the above, thirty-one copies of circulars and reports
have been distributed as follows :(—

List of Observatories, &c., to which Circulars and Reports have been sent.
1. U.B.A. Cambridge, Mass. Harvard University. Professor E. C. Pickeri

2 » St Louis, Miss. Washington University, Professor W. S. Chaplin.
3. ,  Terre Haute, Ind, Polytechnic Institute, Professor T. Gray.
4 »  Williams Bay, Wis. Yerkes Observatory. Professor G. E. Hale.
b. ,  San Francisco, Berkeley, Cal. University of California. Professor
Joseph Le Conte.
6. Australia, Perth. The Observatory. Ernest Cook, M.A.
7. » Adelaide. 8ir C. Todd, K.C.M.GG, F.R.S.
8. » Melbourne. The Observatory. P. Baracchi.
9. » 8ydney. The Qbservatory. H. C. Russell, F.R.S,
10, New Zealand, Wellingtor. Sir J. Hector, F.R.8.
11, Africa, Cape Town. The Observatory. D. Gill, F.R.8.
12. ,,  Natal. The Observatory. E. Neville Nevill.
13. India, Madras. The Observatory. Dr. Michie Smith.
14, ,, Calcutta. Geological Survey. R. D. Oldham.
156. Mauritius, Port Louis. Royal Alfred Observatory. T. F. Claxton,
16. Hawaii, Honolulu., Lientenant A. G. Hawes.
17. Malta, Gozo. The College, Father James Scoles, S.J.
18, Manila. Meteorological Observatory. Father Saderra, S.J,
13. China, Shanghal, Zikawei. Rev. L. Froc, S.J.
20, ,, Hong Kong. THe Observatory. Dr. W. Doberk.
21. South America, Argentine. Cordova Observatory. W. G. Davies.
22, Canada, Toronto. The Observatory. Professor Stupart.
23. France, Paris, 126, Rue du Bac. M. A. d’Abbadie.
4. ., » DBureau Central Météorologigue. M. Professor Mascart,
26. Roumania, Bucharest. Institut Météorologique. Dr. Hepites.
26, Austria, Vienna. Hohewarte. Professor Dr.J. Hann.
27. 8weden, Upsala. Observatoire Météorologique. Professor H. H. Hildebrandsson.
28, Bwitzerland, Geneva. Professor F. A. Forel.
29, Spain, Cadiz,. W. G. Forster,
30, Belgium, Uccle. Observatoire Royal de Belgique. A. Lancaster.
31. India, Calcutta. Geological Survey. C. 1. Griesbach.

Offers for immediate co-operation have been received from Professors
E. C. Pickering (No. 1), Dr. D. Gill (No. 11), and Professor Stupart
(No. 22); Dr. Hepites (No. 25) will co-operate, using an instrument
received from Dr. Tacchini ; whilst Dr. J. Hann (No. 26) replies that he
is establishing the Ehlert type of pendulum, and later may also use ours.
Co-operation may be expected at some future time from Professor G. E.
Hale (No. 4) and Mr. Ernest Cook (No. 6),

The applications Nos. 13, 14, and 21 will, it is hoped, receive a reply
through the Under-Secretary of State for India.

The replies from Nos. 2, 9, 17, 19, and 30 indicate that co-operation
cannot be expected.

From the remainder replies have not yet been received.

I1. Records of the Gray-Milne Seismograph.
By Joax MiLxg, F.RB.S., F.G.S.

The first of the above seismographs constructed in 1883, partly at the
expense of the British Association, still continues to be used as the
standard instrument at the Central Observatory in Tokie.

I am indebted to the Director of that institution for the following
records. The records with which they are continuous will be found in
the ¢ Report of the British Association’ for 1895, p. 115.
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Catalogue of Earthquakes recorded at the Central Meteorological Observatory in Tokio
betmween May 1895 and February 1896,
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1,664 n . 10 0 43 52 P.M. 1 —- — —_ = —_ . - slight
1,565 ,, ° 18 318 54 PM, | — — — — — - '
1,586 s 1 21 11 24 30 AM, | - — — —_— = = "
1,567 , | 21 !11.03 27em. | — - - - = = n
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QATALOGUE OF EARTHQUAKES—continued.
| |
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1,628 | 11 849 1230 § — —
1,624 . 11 10 36 65 AM. | — i —
16261 11 . 447 30 P, — —
1,626 [ . 12 |11 06 37 pa. '36 0 E.-W,
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CATALOGUE OF EABRTHQUAKES—eontinued.
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CATALOGUE OF BARTHQUAKES-—continued.
Maximam Maximum
Period and | Period and
= g Aﬁpliitud%a of lAm 1itmdel of]
= = orizontal ertica b
No. | E | Day Time 4 Direction Motion Motion Nature of
= E Shock
al : l ;

| | 8ecs. | mm, | gecs. ; mm,

—]-— ) i S R

! H. M. 8, M8, .

i 1,719 VL. | 1e 049 48 AM. | — — - — — f - slight

E 1,720 »” 14 10622 aM, ~ — —_ e _ - = i)

Lrery 1s 1321444 - — — _— = - »
L782{ 186 | 416 30 a.m. 4 66 WN.W.ESE | 08 [ 0¢ slight, very [ weak, quick
1,723 ., 18 5 01 09 AM. | - — —_ — e slight
1,724 ., 16 6 40 01 ans | — —_ — - = = w o
1,796 16 801 14 AM 3 20: WS W,ENE. | 10 03 slight,i very | weak, quick
1726] 16 | 81520 AdL ' — - — ] - = f - slight
1,727, 16 818 29 Am, | — -_— - b _ i = »
1,728 16 | 93200 am | — - - - =] - »
1,729 16 947 11 AM. | — . — — — - = »
1,730 2, 16 00 0rM " - -_ - bl I - - i
17310 16 | 1212 Py | — | —_ — —_ . - ’ - »
1,732 ., 16 128 38 pM. | — | — - — - »
1,733, 16 1 29 48 P.M. | — — — — — l - »
1,734, 16 | 31181 pM ' — — - - = - "
15735 3 16 4 923 27 PM, — —_ — —_ — 'f _— .
11736' ” 16 4 44 BB p.aL i —_ —_ - - — - ”»
1,787 16 | 54618 Py, — | — - - - ‘ - »
1,738 18 6 3L 18 PM. | — — — — —_— »
L1738 18 9 58 03 P.M. , — — — - —_— = »
1,740} 18 | 10 33 29 ».m. 1) O8] NN.E, 88 W. | &7 | 02 — e weak, quick

LT41) 17 7 47 27 aM, | — —_ - - —_ — slight
1,742 » 17 8 41 19 A.M ‘ —_ —_— - —_— - | — 1
1,743 17 | 10 30 20 M. | — — - et ”
1,744 , 17 | 04828 r.yu. '3 25 ENE, WBW. | 4 | (4 glight, very| weak,slow
17451 ,, 17 31339 pM. — —_ —_ - - - slight
11746 ” 18 b 45 38 PM — - - e -_— - T
1,747, 22 2 53 b9 P.M. — — — i - —_ = »
1,748, 24 | 11 24 17 P.M. } — - - - - »
1,749 25 20818 pa, | — —_ — - - - "
1,750 , 26 727 06 P.M. | — - - - - - »
1,751 2 30 7 26 03 AM. et L - - _ - 2
5752| VIL! 1 | 53043 An | — - ol Bl e ”
1,753 »o 1 71350 PM. - — - e -, — l - »
Lsst 3 {11 38 17 ».M. - — — — - | — — »
15755 » 5 4 09 28 pM, | — — - _— = — o
17661 6 025 87 AM. | _— — — — — — »

' 1,757 s 6 2 21 25 AM, ' — _ b — —_— b Fr)
L7581 7 6 35 26 P, — — - — —_ ., - »
L7598 7| 93933 am; — - - - = .= »
L760! 9 | 10 03 40 AM. | — - — l - | _ - "
1,761 10 4 49 20 P.M. | — — - ’ —_— - - "
1762 o | 11 | 744 97 am. | - - - - - = "
1763 . | 12 | 03596 P | — [ - - - =, = ”
17641 o, 13 75335 M, — _— — —_ - - »
1,765 15 ] 10 81 12 pM. ' — - - - —_— - "
1»766 ”» 16 © 943 20 P.M — —— — -— — -— »
1,767 17 | 10 41 47 pv. | — ’ — — -— — e Coom ,
1,768 18 0 58 44 p.M. |1 58 SSE,NNW.: O6 07 slight, very | slight, quick
Lrest 18 386 17 . | — — — — it I slight
L7701 19 412 32 pM. | — — - — - - "
157?1 » 19 7 44 15 PM. | — — —_— pa— J— — .
1,772 2 20 Q56 33 p.M. | — —— — - — d »n
Lmsy o, 29 5 68 36 p. |2 16] S.W,N.E. 08 32 |slight,) very| weak, slow,

stop clock

L774| VIIL| 1 | 11 40 04 a.M. |2 09] SE,NW, 0-8 22 04 ] 03 weak, quick
1775, 11 8 23 36 A, (20 0] SW.,N.E 8 | 06 [dight,| very| rather v]n;ea.k,

( quic.
1,776 12 4 31 56 pM, | — —- - — — — slight
1,777L [Ty 13 10 50 37 a.M —_— — - - - - ”»
17781 14 7 38 28 AM. | — — — — —_ — -
L7791, 14 851 21 aM. | — — — — — — »
1;780 ” 17 4 28 48 A M, | — —_— -— —— - - ”
1781 20 6 05 87 v |0 50| EX.E, WaW.| 03 29 02 025 weak, quick
1,792, |, 21 124 41 aM. | — - — — -} o slight
1,788 , 23 13710 r.X — — — —_ - »
17841 26 549 87 pM, | — - — — — { - »
1,785 » 27 726 0.pM. —_ — — — — »
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CATALOGUE OF EARTHQUAKES ¢untinued.

Meaximum Maximum l
Period and | Period and *
= g Arﬁplit.ude (;.f A%plitugf of]
= i ‘B , , orizonta yertic: e of
No 25 Day Time E Direction  Motion Motion Ngﬁ‘;rck
| =] - —
H | .
: ! . 8808, | mmn. secs.l mm,
S ] S S R S S
] H. M. 8. M.8
1,786 | VIII. 29 7010l Py | — — — — - — slight
1,787 30 | 732101 aM | — — . — — | — "
1,788 ,, : 31 8388 21 ax | — — -— —_ — . s
1,789 ,, 31 442 11 p.M, | — — | slig'ht, — ~- | slight, slow
: hori zontal
1,790, ,, 31 5 09 33 P.M, | — | Destructive in " slight,| very »
Akita
1,791 IX. 1 2 56 81 ra, — -—_ -_ — - slight
1,792 q 315 27 P, | — — — — — | — ”
1,793 ., 5 11 07 46 P.u — sligiht, —_ ] - "
H ! horijzontal
17941 10 3117 53 Am, [ — ! — ; » slight,| very | slight, quick
1,795] ., 12 812 54 v, | — — | — — — —_ siight
1796 o, 12 + 1116 26 py. | — ! — — — — »
L7971} .. 19 : 8592l pM, — — —_ -- —_— ,,
1798 X. 1 2 38 07 Py - — . — - | - -— — .
1,799 ., 7  92235am . —. — — — —_ = "
1,800 ., 8§ . 14308 pM. « — ! — Lo = — — "
1,801 ., 0,10 56 01 am. | — — — — . - — "
1802 , 28 ¢ 551 28 pPM. . — — P — = — »
1803} XL | & | 74259 P | — — U I .
1,804] 7110717 A, - - — — — 1 — "
1805| I | 80821 sy | — — - — —_ - "
1,806, 1 | 13658 Py, | — — — —_ — = "
1,807 ., 13 G 13 61 raL i — — - = = - -
1808( o | 16 | 606 02w | — — S .
1,809 . 18 11 08 19 Am. 2 50) S8W.,,N.N.E 10 ¢ 4 | — — «light, slow
1,610f X13.; 7 | 10 37 29 A | — — b— — N slight
1811 9 756 41 A | — - | - I — —_— = .
1,812} ,, W0 | 444 01 P, | — — | - = - - -
1,813! , 12 01192 26 M. | — — _— = _ - -
1,814, 13 402 47 PM. | — — Dm0 — = — -
1,815, , 17 11725 aaL [0 67) SBE,NNW. | 02 | 19 | 083 | 06 |weak,veryquick
First begins very slight,
and after5 seconds it shows
strong horizontal motion,
and continued 9§ seconds;
then graduslly became
quieter.

Other shocks were:—Yokohama, 1h. 17m. 89s., slight; Yckosuka, 1h. 17m. 30s., weak; Mai-
bachi, 1h. 30m. 08s., slight; Gifu, 1h. 20m. 46s,, slight. This shock is supposed to represent a landslip
in the Bay of Tokio, for it only extends round Tokio.

I11. On the Installation and working of Milne's Horizontal Pendulum.
By Joax MiLxg, F.R.8., F.G.S.

General Remarks.—As it has been established that the movements re-
sulting from a large earthquake originating in any one portion of our globe
can, with the aid of suitable instruments, be recorded in any other portion
of the same, the Seismological Committee of the British Association have
asked for the co-operation of observers in various parts of the world in an
endeavour to extend and systematise the observation of such disturbances,
The first object in view is to determine the velocity with which motion is
propagated round and possibly through our earth. To attain this, all
that is required at a given station is the times at which various phases of
motion are recorded, for which purpose, for the present at least, an instru-
ment recording a single component of horizontal motion is sufficient.
Other results which may be obtained from the proposed observations are
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numerous. The foci of submarine disturbances—such, for example, as
those which from time to time have interfered with telegraph cables—
may possibly be determined, and new light thrown upon changes taking
place in ocean beds. The records throw light upon certain classes of dis-
turbances now and then noted in magnetometers and other instruments
susceptible to slight movements, whilst local changes in level, some of
which may have a diurnal character, may, under certain conditions, become
apparent,

The Instrument,—The general features of a type of instrument which
the Committee have selected as being sufficient for the attainment of
the objects in view are shown in the accompanying sketch.

The instrument consists of an iron bed-plate and stand carried on

Fic. 1.

Pivot on Boom

_gWatch

L Boom Q 7

three levelling screws. Resting against a needle-point or pivot projecting
from the base of the stand, and held in a nearly horizontal position by a
tie, is a light aluminium boom. Attached to the outer end of this boom
there is a small rectangular plate in which there are two slits, one of which.
is large and the other is small. Partly for the purpose of balancing the
weight of the outer end of the boom, and partly for obtaining the ‘ steady
point’ of a seismograph between the attachment of the tie to the pivot, a
weighted cross-bar is pivoted.

When the boom swings to the right or lef, the rectangular plate with
its slits passes to the right and left across a fixed slit in the lid of a box,
inside which a 2-inch (50 mm.) strip of bromide paper is being driven by
clockwork. Light from a lamp is reflected downwards by a mirror to
cover the whole of the latter slit. It however only enters the box to

10
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the right and left of the floating-plate and through the slits in the same.
When the boom is steady, the resulting photogram on the moving bromide
paper will be, when developed, that of a white band equal in width to
that of the moving-plate, down the'centre of which band are two very
clearly defined lines, one of which is thick and the other thin (figs. 2, 3,
and 5). To the right and left of this white band the paper will have
been blackened by the light which entered at the two ends of the fixed
slit. On one edge of one of these black bands, at intervals of about
50 mm., there will be seen a series of white marks which have been
produced by the minute-hand of a watch, the broadened extremity of
which has hourly at the half-hour passed over the end of the fixed slit,
and for & period of about one minute eclipsed the light.

Should the clock at any time have failed to drive the bromide strip
with regularity this will at once be seen by differences in the distances
between successive time marks.

Installation.—The instrument may be placed on any solid pier in an
cbservatory, on a specially constructed pier in the ground-floor of an ordi-
nary dwelling, or in a hut or shed in the open. The room should be dry,
which will generally be the case if means are provided for ample ventila-
tion. In order that the photographic paper may be examined or removed
at any time, the windows of the room should be provided with shutters,
through one of which red light can be admitted. A column or pier of
convenient size may be two bricks, or 18 inches (45 cm.) square, which
rises 2 feet 8 inches (80 cru.} above the floor. The base of this may rest
on a 6-inch (15 cm.) layer of concrete, which in turn rests on a bed of
gravel rammed in the natural earth. The top of such a column may be
made smooth by a thin facing of cement, whilst its sides should be oriented
N.-S. and E.-W. It is convenient to have space to pass round the pier on
three sides. The table, which projects from the column in a N.-8, direction
and carries the clock-box should be strong, 3 feet 8 inches (1'12 m.) long,
3 feet 7 inches (109 m.) broad, and rise 1 foot 8 inches (50 cm.) above
the floor of the room. The upper surface of this table is therefore exactly
1 foot (30 cm.) below the top of the column. If an existing pier is used
the height of the table must be increased or decreased to maintain the last
dimension. The table is made wide to give space for the clock-box, which
is run out upon it from its covering-case when removing a film.

The installation may be on an alluvium plain or on solid rock.

Adjustment of the Pendulum.——The instrument is to be so placed that
the boom is in the meridian, or points N.-S. The balance weight is to be
placed at a distance of 3} inches (87 mm.) from the pivot, and the attach-
ment of the tie at a distance of about b inches (125 mm.). At the latter
point, but not shown in the sketch, there is a small upright, from the top
of which a thread is carried to within about 9 inches (22 em.) from the
outer end of the boom. This is to prevent the boom from sagging. After
the bed-plate of the stand has been made approximately level, the boom
is suspended, as shown in the sketch, with 1ts outer end about } inch
(3 mm.) above the top of the clock-box. To increase or decrease this
distance the tie, the last inch or so of which at its upper end is made of
unspun silk, may be shortened or lengthened by means of a screw at the
top of the stand.

The next point is to give the boom a certain sensibility, which
increases as the period of its swing increases. The sensibility which
must be arrived at is that which corresponds to an adjustment that

11
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results in the pendulum having a period of 15 seconds—that is to say,
it is reached when the pendulum makes one complete swing or one back
and forward motion in 15 seconds. To make this adjustment the pivot
against which the boom abuts may be moved in and out until the desired
period is approximately obtained, after which the front screw of the stand
may be raised or lowered until the adjustment is completed, To observe
the period the observer presses with his hand against the side of the
column. This sets the boom in motion. He then goes to the end of the
instrument, and, looking downwards through a plate of glass beneath the
lamp, watches the rectangular plate on the end of the boom and notes
with a watch how many seconds it takes for the boowm, as it slowly moves
across the scale of millimetres fixed in the top of the clock-box parallel to
the slit in the same, to complete a back and forward motion, For various
reasons it seems that iv all forms of horizontal pendulums this quantity
will not remain constant for any great length of time. It therefore must
be noted, say, once a week, and if any marked change has taken place the
instrument should be readjusted. For stations founded on rock the pendu-
lum may be adjusted to have a period of 18 seconds ; but with a pendulum
having this sensibility in a -station on alluvium, the diurnal motion may
exceed the width of the slit in the clock-box, and with changes of weather
and the seasons the wandering of the pendulum to one side or the other
will be so great that readjustments will be continually required.

The boom is to be brought into a central position by turning one or
other of the two back screws in the bed-plate.

The Sensibility of the Imstrument.—The distance between the two
back screws of the instrument is 150 mm. The front one of these has
05 mm. pitch, so that one complete turn of this would tilt the
stand through an angle the tangent of which would be measured by
7 X1hy=377. By means of a lever fitting the head of the screw, rather
than giving it a complete turn, it may be turned 1°, 2°, or any other
fraction of a complete turn that may be desired, this quantity being
indicated by a pointer attached to the screw which moves over an arc
graduated in degrees. For example, assuming that the boom has a period
of 18 seconds, and we find by several trials that a 1° turn of the
test-screw corresponds to a deflection of the outer end of the boom of
5 mm., as shown on the scale opposite the slit in the clock-box, and
assuming, further, that we can read displacements on the photogram of
1 mm., under these circumstances we can measure tiltings the angular
values of which would be

1.1 1 1 1
2 %150 * 360 * 5 = 540000 °
and because 1 sec. of arc=1/206265, it follows that 1 mm. deflection of
the outer end of the boom corresponds to a tilt of 07/:38.

If we read deflections to within half a millimetre, to do which there is
no difficulty, the sensibility of the instrument is doubled. For the object
in view this is not required, and if a deflection of 1 mm. is obtained for a
tilt of 1 to 0'+5, this will be sufficient.

Clock-box.—This, which can be run on rails in and out of the instru-
ment-case, has a cover which is removed to wind the clock and put new
paper in the roll. Once a day, when the lamp is filled and trimmed, and
the watch is wound, this cover is removed, and the 3 or 4 feet of paper

12
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which has accumulated is roughly rolled up. At this time the date may
be written in pencil on the bromide film on the top of the upper roll.
The small top roll shown in the sketch should barely touch its neighbour,
whilst a corresponding roll in contact with the driving-roll should press
somewhat tightly on the latter. These two latter rolls are not shown in
the sketch. Should the papers at any time refuse to move freely, it may
be necessary to alter the adjustment between these rolls to see that they
have not become sticky by contact with the bromide surface, or even to
cover the driving-roll with a piece of thin but roughish paper. If
moisture is suspected as being the cause of a stickiness of the bromide a
saucer of calcium chloride may be placed in the clock-box. The most
convenient form in which to use this substance is as cake wixed with
asbestos. Every week this can be dried over & strong fire.

Calcium chloride, or other desiccating agents, must not be introduced in
the instrument-case, for if they are a circulation of air is set up, and the
boom swings to and fro, giving records which have often been called earth-
tremors. For earthquake work the driving-roll must be adjusted in its
outermost position, when it will turn once per hour. In its inner position
it turns once in twelve hours, when it may be used, for example, for studying
the diurnal wave.

The Watch.—This must be compared fairly often with a standard
timekeeper, and its rate noted. It is particularly important that the
time at which its hour-hand commences and ends its eclipse over the slit
in the clock-box be noted, as it is from these markings that the times of
earth disturbances are measured. _This can be done either by watching
the hour-hand of the watch by looking down the tube down which the
mirror reflects light, or by watching the same when the clock-box is taken
out of the instrument-case.

Developing, fiving, and copying the Film.—The films, which are 25 feet
in length, are developed once a week, The developer employed has been
chosen, because the same solutions may be used for several successive
developments. The stock is kept as two separate solutions, made up as
follows :—

Sulphate of soda, 1 oz. or 1 part by weight.
< Carbonate of potash, } oz. or % ,
1st Solution. 3 gromide of potash, ;‘0 oz. (10 grs.) or :, : ::
Water OZ 5 » 1" ”
. Metol, & oz, (75grs.) or } ,
2nd Solution. { Water, £ o or £ :: :, ::

For use one ounce of each of these solutions is to be taken and mixed
with about 24 ounces of water, and the whole is then poured into the
developing-tray.

The film is doubled backwards and forwards in this solution, and the
tray kept agitated until the development takes place, when the solution

is poured off into a bottle to be kept until the following week. After the
second time of use it may be strengthened with half an ounce of each of
the above two solutions, when it will last two weeks longer. It is then
thrown away. The next operation is to pour water once or twice into the
developing-tray, and to rinse the film, after which it is dragged bodily over
the end of the tray into a second tray containing a strong solution of
hyposulphite of soda (1 hypo and about 4 water), Whilst in this solu-
tion the folds of the film are one by one gently opened to allow the hypo

13
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to penetrate. After 10 or 15 minutes, when, by examination of the back
of the film, all trace of yellow colour in the film is seen to have dis-
appeared, the hypo is poured back to its bottle and the film is thoroughly
washed for at least 15 minutes in several changes of clean water, The

FiG. 2.—Japan Earthquake ; Carisbrooke Castle Record.

hypo may be used perhaps twenty times until it has become djirty and
ceases to have a saline taste.

The film in its tray of water is then placed on a plank or flat floor.
One end of the film is pulled out of the tray and placed face upwards on

Fig. 3.—Displacements on September 10,

IO (@0 @1 SREM O
t

SeprT gR I
1885

the plank or floor, after which the tray is drawn backwards and the film
runs out and is left to dry.

Any particular portion of a film may be reproduced by tracing on
tracing-paper, or by photographical printing. For the latter process
place the film with its back on a piece of glass or the glass face of a
printing frame. A piece of bromide paper is placed with its sensitive
surface in contact with the film, and over this a strip of wood or the back
of the printing frame, when the whole four are clamped together with
springs, clips, or indiarubber bands.

14



ON SEISMOLOGICAL INVESTIGATION. 143

This is held up to the light of an oil lamp or an ordinary gas-burner
at a distance of 30 inches for 3 to 10 seconds. Next it is developed in a
little fresh but dilute developer. If the developer appears too strong,
add water and a few drops of a 10 per cent. solution of bromide of
potassium. Too long exposure causes the parts which should be white to
become grey. A weak acid bath (citric acid 1 part in 40 of water) tends
to remove stains. In warm climates a saturated alum bath may be used.
If blisters appear weaken the hypo-bath,

Although photographic reproduction is here referred to, reproduction
by tracing is quicker and usually sufficient.

The Photograms.—When the pendulum is as rest the photogram con-
sists of two straight lines, one of which is thin and the other thick, like

Fi1a. 4.—Commencement and Growth of a Tremor Storm.
10, PM, 1. P.M.

{ OcT.I0™X 1895

WAAN A O W A A A Y

L e

15 hrs. . 16 s,

those shown over a distance of about a quarter of an inch on the left-hand
side of fig. 2 (‘ British Association Report,’ 1896, fig. 19, p. 229,'} which is
the diagram of an earthquake recorded at Carisbrooke Castle, in the Isle
of Wight, but which had its origin in Japan. The reason that two spots
of light are used is that for slow movements the fine line gives the best
definition, but for rapid movements the light passing through the fine slit
is not sufficient to produce an impression on the photographic surface,
and therefore, as in the middle of the figure, we have to rely on the lmage
from the large spot.

Because the watch makes its eclipses at the half-hour the intervals
marked as 20 hours, 21 hours, and 22 hours are read as 205 hours, 21-5
hours, and 22:5 hours, and then corrected from the known rate of the
watch and the observed time of the eclipses. What is chiefly required

! This figure, like the others, having been reproduced from a wood block, is not
so clear as the original.

15
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from such a diagram.is the Greenwich mean time of the commence-
ment of the preliminary tremors which is near the small arrow, the
commencement of decided motion, and the duration of the disturb-
ance. After this, notes may be made of the number of maxima dis-
placements.

Such notes, together with a tracing or photographic reproduction of
the diagram, should be sent to the Seismological Committee, British Asso-
ciation, Burlington House, London, W.

In many instances the preliminary tremors, which in the illustration
continue over an interval of 34 minutes, may only continue over 5 or 10
minutes, and their duration appears to be connected with the distance at
which the disturbance originated. The cause of sudden displacements
without preliminary tremors like those shown in fig. 3 (‘ British Association
Report,” 1896, fig. 2, p. 190) is at present unknown. They are rare, and
may be due to subsidence beneath the supporting pier. In a dark room,
and especially in a warm climate, when removing the clock-box, it is
quite possible that now and then a minute spider may find its way

FiG. 5.—Pulsations at Shide,

9.26.9.30.PM oCT 187" 1895 10.30.PM 11.30.PM

SHIDE .

into the case. If when moving this box the boom iz not set in
motion, the existence of the work of such an intruder may be suspected,
and it and its web must be removed. Such troubles are, however,
very rare. ,

A photogram commencing with intermittent long-period movements,
like those shown in the upper part of fig. 4 (‘ British Association Report,’
1896, p. 200), and increasing until they resemble its lower portion, indicates
that the boom has been swinging from side to side under the influence of
air currents established inside the case. Such movements, which have
been called earth-tremors and microseismic storms, are at times extremely
regular in their character. These latter, with periods of 2 or 3 minutes,
are called pulsations (fig. 5. See ¢ British Association Report,’ 1896, fig. 6,
p- 201). These movements are frequent during the winter months, and
especially at night.

Although they form an interesting study, because they may often
eclipse the record of an earthquake, it is necessary that they should be

16
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destroyed or avoided. Often they may be destroyed by giving the room
in which they are situated a copious and even draughty ventilation. If
this does not succeed, the instrument must have a new installation. They
are seldom met with in a badly constructed hut or beneath a tent.

Examples of Daily Records,

: Error of
Date 'ELight out| Light in | Eclipse Remarks
! Watch
1897 h. m. b, m. sec.
Feb.12 | 10.41 10.55 —33 | Period 18s. Sensibility 1°=Z mm. Reset
: 25° to 30°.
21,55 | 2157 i

» 13 | 10.30 1050 . -89 | Kclipsed light from 10.53 to 10.56, as shown
[ j by the eclipse watch.
% 21.38 21.40

&¢., %¢., &c., up to the end of the week.

From the above records it will be observed that the light has bcen
removed or extinguished twice a day. The times at which this is done is
very roughly noted with a pocket-watch. In the morning the lamp is
refilled, the eclipse watch wound, and, if necessary, the pendulum, which
may have wandered too much on one side, is reset.

The error of the eclipse watch must, relatively to some standard time,
be noted accurately. For meaning of ‘period’ and ¢sensibility,” which
only need be determined once a week, and which can be expressed in
seconds of are, see pp. 139, 140.

From the mark shown on the developed film when the light is eclipsed
the time at which the watch commences to make an eclipse mark can be
calculated. These times, as shown on the dial of the eclipse watch, should
always be the same, and therefore in order to guard against accident they
are only made occasionally. By adding or subtracting the error of the
eclipse watch to the time at which an eclipse mark has been made, the
exact G.M.T. of this mark is obtained, from which any particular phase of
an earth movement may be computed.

Weekly Report.

At the end of the week a report is drawn up of the records, the
form of which largely depends upon the movements which have been
recorded.

All times must be expressed in Greenwich mean time (civil), the day
commencing after 24 hours or midnight. Thus the ordinary notation of
June 18, 1.30 a.M., and June 16, 11.30 p.n., becomes June 16, 1.30, and
June 16, 23.30.

The most important elements to be noted about an earthquake
disturbance are :—

1. The exact time at which preliminary tremors commence.
2. The duration of those tremors.

1897. L
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3. The times at which various maxima of motion are attained, and the
tilting they represent expressed in seconds of arc.

4, The total duration of the disturbance.

5. A tracing of the photogram.

IV. Observations at Carisbrooke Castle and Shide.
By Joux Miuxg, I'R.S., F.G.S.

In the report for last year it was stated that at about the end of June,
through the kindness of Mr. A, Harbottle Estcourt, Deputy-Governor
of the Tsle of Wight, I had been enabled to establish a second horizontal
pendulum at Carisbrooke Castle, and a description of this installation,
together with that at Shide, was given in some detail. The object of the
second installation was to see how far the records of two similar instru-
ments at some distance apart coincided in character. The Shide records,
as already reported upon, consist of movements due to earthguakes which
have originated at some distance—displacements, which show that the boom
of the instrument has suddenly been caused to swing or change its zero
points ; tremors, which are irregular swingings of the boom extending over
many hours or several days ; pulsations, which are regular back and forth
movements of a pendulum, which movements have periods of two or three
minutes ; diurnal waves and seasonal wanderings.

In the following report these movements will be discussed in the order
in which they are here mentioned, the Carisbrooke records being taken
first.

The Carisbrooke Records.

The Carisbrooke records were obtained between June 16 and August 31,
1896. Because the journey to Carisbrooke and back entailed a walk of
four miles, it was only visited once every twenty-four hours. For this
reason, together with the fact that the clockwork arrangement often
failed to drive the photographic paper—an imperfection which has since
been remedied—there were very many interruptions in the continuity of
the records. Notwithstanding this, a sufficient number were obtained to
compare with corresponding records at Shide, and to indicate the character
of Carisbrooke as an observing station.

The earthquakes recorded were as follows :—

July 5.—Four exceedingly small, elastic switchings of the boom, the first
at 3hrs. 6 mins. 47 secs,, and the last at 3 hrs. 44 mins. 7 secs.

July 21.—A% 7 hrs. 3 mins. 53 secs. there was a small elastic disturbance
with 5 maxima,

August 30.—A very heavy disturbance (see fig. 2), corresponding in
time, points of maxima, and other detail with the Shide record, No. 36.
This earthquake had its origin in Japan.

The first two records, which have amplitudes of ‘5 to 1 mm., do not
correspond with records at Shide, whilst there are similar minute dis-
turbances recorded at Shide which are not visible on the Carisbrooke
photograms. The conclusion, for the present, at least, is that these small
tremors, which suggest an elastic switching of the end of the boom, are
very often of local origin, whilst earthquake movements of a pronounced
character are recorded in a similar manner at both stations. The reason
that no record was obtained at Carisbrooke on August 26 (No. 85 in the
Shide list) was because on that day the recording apparatus was not in
operation. The days of such interruptions are indicated on the general
list of disturbances, pp. 147, 148.
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The sudden displacements or disturbances noted at Carisbrooke are
given on the list just mentioned. As compared with Shide they are very
few in number, and at the two stations there was no agreement in the
times at which they took place.

Tremors and pulsations, which T am inclined to regard as being due to
slow and fairly regular air currents within the covering cases of instru-
ment, were practically absent at Carisbrooke.

Because the observation of the diurnal wave and longer-period move-
ments require an adjustment of the clockwork, so that it runs at a
slow speed, these were not observed. Inasmuch as readings taken of the
position of the end of the boom showed but little change, it is probable
that they are small.

Because the latter three classes of movement were frequent at Shide,
whilst they were practically absent at Carisbrooke, it is evident that the
latter station is the better site for the observation of earthquakes.

Displacements observed at Carisbrooke Castle and Shide in 1896,
1. d. =large displacement; m. d. =moderate displacement; s. d. =small displacement.

Shide ‘ Carisbrooke !
Date s — - — J— !
Time Character Time t Character
————— e e | r—— fp— 1
H. M. 4. ¢ H. M. 8, |
June 16 . .y 23 40 O 1 d. - : —
o 17 . d 6 29 50 s d. — i —
. 21 . . 6 38 36 s. d. — ! - -
I, . . 6 b5 48 s. d. — | —
n oo . . 21 3% 36 s d. — | —
w 22 .. T 4 2¢ L d. 5 51 40 | Ld
PR . . 18 45 12 1 4. — . —
5, 28 . . 2 13 & s . 5 34 32 | 1. d.
w oo 4 33 44 s. d. 19 13 12 ! s. 4,
» 25 10 18 16 m. d. Not working —
. 26 10 & 26 s d. " . —
o 27 6 28 26 s. d. T 22 21 s. d.
" ” 8 16 0 s. d. 7 32 31 s d.
»oon 13 31 26 s. d 7 47 31 1d
n o» 17 31 0 s. d. Not working -
o 28 2 53 24 s. d. - . —_
H] ” 6 4:7 4 S, d. _ ——
n o o» T 4 16 L d. — _
» 29 10 8 50 lLd Not working —
July 2 18 51 29 1. d. 3] " -
» 3 10 26 47 m, d. " , —_
»ooa 21 10 41 s, d. " , .
woow 21 26 41 5. d. " ” —
w 4 19 53 6 8 d. " ' —
¢ 39 b 9 47 43 S, d. J— —_
w T 9 26 20 1.4 Not working —
yw 9 5 43 11 8. d. . " —
» 12 1 36 40 L4 . " —
» 7 45 40 1 d. " . —
o 13 0 41 17 1 d. . . —_
» oo 1§ 41 17 1 d. . » —
. 14 1 3 51 8. d. " " _—
» 17 5 12 42 Ld Not working — ]
» 21 5 26 25 1 d. _ —
” ET] 10 8 4:8 8. d. : J— . —
L2
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DISPLACEMENTS OBSERVED AT CARISBROOKE CASTLE AND SHIDE IN 1836—cont.
Shide Carisbrooke
Date
Time Character Time Character

July 24 2 20 13 m. d. —_ —
woon . 8 34 45 s, d. —_ —
"o . 10 33 17 8. d. — —
0 on . 13 21 41 s d. — —
" oo . 19 59 41 8. d. —_ —
0w . 21 3% 9 s d. — —_—
w 25 . 2 16 18§ m. d. —_ —
y . . 9 39 12 1. d. 12 30 10 14
» 26 13 22 2 1. d. — —_
. 27 7 13 38 L 4. — -
» 10 10 27 s. d. — —
A, 21 40 21 m. d. — —
n 29 2 31 33 m. d. — —
1] 1" 10 i 43 S. d. p— J—
"o 14 29 55 1 4 —
w 30 4 14 39 8. d. 2 8 47 —
N 10 17 18 s 4. 19 30 7 1.4
, 31 2 14 33 s d. — —
N0 10 21 27 8. d. -_ —_
w1 18 47 3 s. d. — —_—

Aug. 1 2 2 66 8. d. — —_
(1] " 18 54 6 8, d- — -_
w 2 18 54 19 s d — —
n 3 . Not working —_ 5§ 3¢ 0 m. d
, 4toll — — — —
w 12 . 4 35 36 L 4. — —
"o . 10 81 58 1 d. - —
w 138 2 15 26 8. d. —_ —
» 14 15 64 16 1 d — —
» 15 1 b7 46 s. d. _ —
S 13 b8 658 s d. — —
e 15 32 44 1 4. — —
oo 15 49 0 L d —— —
n 16 9 10 ¢ 1 d. —
A 9 13 22 L4 ! —
w1 21 38 12 1 4. . _—
»w 17,18 — — ‘ —_ —
5 19 1 55 32 14 i _— —
w o 17 19 54 1 4. P16 47 48 1. d.
n 20 2 26 41 1 d. | — —
noom 18 59 39 L d. : — —_— !
y oo 21 9 41 Ld. ' 20 7 50 m. d.
w 21 9 36 37 8. d. ] —_ —
w 23 29 26 22 L d. } 8 1 & 1. d. f
. —_ — [ 11 51 48 1 d. |
, 24 — — i 4 BT 6 — !
. 28 2 7 27 s. d. _— —_
o 5§ B0 45 1. d. —_ —
» e i0 22 27 1. d. : _ .
w 30 T 5 16 4 d. ‘ —_ — l
w 29 29 34 1 d. ; — —

Records with an Earthquake-like Character observed at Shide, 1896-97,

For the commencement of the Shide records (August 19, 1895, to
March 22, 1896) the reader is referred to ‘ Report of the British Associa-
tion’ for 1896, p. 191, in which shocks and displacements are included in
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one list. The following list only includes movements which have an
earthquake-like character ; but as it is possible that certain small displace-
ments may have been mistaken for earthquakes when examining the list,
the following explanatory notes will make it easy to identify records which
are donbtful.

The sign >, or a series of such signs, indicates a small movemens, or
a series of small movements, with an amplitude of about 1 mm., which
commenced suddenly and ended gradually. It is quite possible that some
of thém, at least, may be due to some local cause—as, for example, a slight
settlement beneath the pier on which the instrument is rested-—and there-
fore are not earthquakes. The sign ~, or a series of such signs, indicates
a very small movement, or series of movements, which commenced
gradually and ended gradually. Such movements have a true earthquake
character ; but because I have no record where they were nearly simul-
taneously recorded at Carisbrooke, they must, in many instances, at least,
be of local origin.

Disturbances which are ‘moderate,’ or disturbances which have
amplitudes exceeding 2 mm., if these commence gently it may be as-
sumed that they are of earthquake origin.

All large disturbances commencing with decided preliminary tremors
are certainly earthquake effects. Those to which an asterisk is attached
are described at the end of the list in more or less detail. The materials
for their description have been derived from my own observations, obser:
vations made in Japan, communications from various observers in Europe
and Great Britain, the ¢ Bolletino della Societa Sismologica Italiana,’ the
columns of ° Nature,” and other sources.

Farthquakes observed at Shide, Isle of Wight, 1896-97. (AU times are given in
Greennwick mean astronomical time. Midday or noon = 0 or 24 hours.)

! Observed also at
| o
! |82
Hour of com- | i 4
No.| Date mencement, | Remarks E | S
GMT. | g2 ¥s
2!/38]2 |3
Sl g8 |sH
| SRR
1896.
l H, M. 8. _ |
1*¥) June 14 | 22 30 0 | Large ~> . . . .= = |-
2 » 22 10 6 26 | Small >
31 , 24| 94756 w
41 27! 13 836 .
5 13 58 59 s~
6 14 30 19 » >
7 » 28 92717 w  om
*
8 n 29 g 22’ Zg} Four maxima . . . . -
9 w 301 10 6 0 Small ~ i
10 18 21 67 w o>
11 | July 1 940 1 |
12 10 26 81 :
13 115113 ., !
14 12 36 53 »
15 n 2 8 04 22 w > I |
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Date

July 8

» 11
5 16
»w 17
» 18

» 30
» 381
Aug. 12
w 14
» 23
n 2B

w 26

» 12

n 14
. 20

» 21
w 23

» 24

1

» 13
w 14
w 25
w 27

» B1*

Nov, 2

;s 30 ]

EARTHQUAK

Hour of com-
mencement,
G M.T.

H. M. 8.

10 11 31
18 51 29

REPORT—1897.

LS OBSERVED AT SHIDE

Bemarks

Moderate, commences gently
AR} " " >
Smali ~—~~=
" SN
Moderate. Four maxima
! Small

19 2 40 | Moderate >

10 39 20
11 40 24
12 51 27

10 17 52
7 41 25
b 67 26

10 15 10

1718 2

4 956

i Small >

~~

a
Small, Several mazima >

" 19 - 1 ~—
” bl - ~
Very small ~
Small —~
” E,!
” 1t

3] ”

» ”
>

»
Large preliminary tremors last
1m. 16s, Duration 50m.
Large preliminary tremors last
34m. Duration nearly 3h.
Small ~—~
5 >
Small preliminary tremors last
om. 44s.
, Small ~
>~ > .
—_

>

12 12

" 3 +
Moderate
Total duration—-35m. 50s.~—~~
Moderate preliminary tremors

Twelve separated maxima, end-
ing at 14h. 9m. 18s. > > >&c.
Small >
Moderate
Small >
> followed at 10h. 28m. 50s.
" by ~~, Duration—21m.
| Large preliminary tremors last
13m. 51s. Total duration—
:  3h. to 4h.
| Bmall > .

22

7m. 10s. Duration---28m. 40s. !

Duration—34m. &s. —~ . . }

' f Tachia

continued.

Observed also at

! Potsdam

I Nicolaiew

Edinburgh, fro
middle of August

-1




60

70

635
78*

T4
75

76

77
78
79
80
81

Nov.

82

83%

84
85

86
87
88

89
90
91
92
93

94
95

4

16
18

26

I s

I}
.

W

|
1

o

16

18
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FARTHQUAKES OBSERVED AT SHIDE—continued,

Hour of com-
mencemert,
G.M.T.

N,
a%
42
46
41
47
9 |
19 .
19 |
a5 |
58

29
33
50
3

L
&

9:
14.30

318 .
to 22.0

13 12 11 |
16.28 1o 18.28;
111.30 to 22.30/

227 3

22 39 3
i10.8 to 10.29
23 62 47
916 3
11.30t0 16.30

9 43 20
19 59 3

11 55 7
14 811

1

. 39336
12.30 to 22.30"
12 17 47

14 40 14
14,49 34
948 11
22 46 56

% 19 36 27
|

b449
o137

49
26

» End at 23h. 31m. 20s. T~ ~

Remarks

Small >
n 2
gy > > ,
» >

Moderate

Small ~
n >

” »

»» ki

Large preliminary tremors last
15m. i6s. Total daration—
55m.

Moderate ~

Small —~ -~~~ ;
’ > > > ;
> >

series  of small tremors. .

Maxima 17h. 30m. i

”

A

Small tremors
NN

1897.
Preliminary tremors last 8m.
31s. Maxima motion at
2h, 36m. 53s. ‘
Maxima at 22h. 40m. 23s. ~ . !
Small ~—~~ . . .
-~
3 NN
Tremors with maxima at
14h. 3m. 50s. i
Small ~ |
Tremors last 26m. 40s. Total
duration-—1h. 6m.
Small ~ . . . .E
Tremors last 3m. 50s. Dura- |
tion—13m. 20s.
Moderate. Duration—9m. 20s. —
Small —~—~~ . . .
Four moderate maxima, ending ;
13h, 16m. 27s. From 6h. to ;
10h. not working. |
Moderate > . . . o
” > i
Small ~~~ i
1 - :
Moderate. Total duration— |
29m. 20s. }

”

Small ~

T I'E &
g8
||
=
g | By
& IS
s |5 | 2122
a T =] o
] s .25 3%
m L E A’ ";: E‘
i
. |
]
! .
i
i
]
- o
; -
! :
' |
H
‘ i
|
| =
) . !
1 .
1
f .
:
.
. }
- =
\ '
I
— =7 =7 .
|
| |
i i
! —
H H :
] .
'
; .
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Observed also at
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Fia. 6.—August 26, 1896, ¥1e. 7.—September 12, 1896,

\7. 44. 32

LS

I
¥1¢. 8.—September 21, 1896, F16. 9.—September 23, 1896,
[7.2. 11.89.50

e — 4%?‘0:6 0

Fi1e. 10.—October 31, 1896.

17 .2

F1e. 11._November 5, 1896,

o e

Fia. 12,

9.44.58

{

+ 9 50.3.

Feb. 6.1897.

F1G. 13.—Potsdam, Febroary 6, 1897.

19 . 50.30
G.MT,
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V. Earthquake Records from Japan and other places.
By Jou~y Miuxg, F.R.S., £.G.S.

Earthquake No. 1.—On the Sea-waves and Eorthquakes of June 15, 1896,
in North Japan.

(Unless otherwise stated, Japan mean time, or 3, M.T. + 9 hours, is here used.)

The sea-waves which at about 8 p.M. on June 15, 1896, invaded the
morth-eastern coast of Nippon were as destructive to life as those which
accompanied the well-known eruption on August 26, 1883, of Krakatoa,
whilst one of the shocks by which they were preceded was of such severity
that it was clearly recorded in Europe, and in every probability caused a
disturbance over the entire surface of the globe.

The magnitude of this disturbance, and the sub-oceanic changes by
which it was probably accompanied, make it well worthy of record. The
sources from which the following notes bearing upon this catastrophe have
been derived are various. Amongst the more important are translations
from the writings of Professor Kochibe and other officers of the Geological
Survey of Japan ; extracts from Japanese newspapers ; the records of the
Central Observatory in Tokio, and those from a large number of other
observatories at which disturbances were recorded ; and, lastly, the writer’s
personal knowledge of the devastated districts, and experiences connected
with sea-waves and earthquakes which have previously occurred in the
same locality.,

A full discussion of the phenomena which accompanied this great
catastrophe might be divided under two heads, one containing an account
of the earthquakes which were recorded, and the other an account of the
sea-waves,

Although one or two houses were destroyed by earthquake movement
in Yamada, the greatest destruction was that caused by sea-waves, of
which the first three were the greatest. The places which suffered most
were Kamaishi, Yoshiyama, and neighbouring towns and villages lying in
the inlets of the cliff-bound coasts of Rikuzen and Rikuchu, on the
N.E. coast of Nippon. Fishermen.twenty or twenty-five miles off shore
did not observe anything unusual.

List 1.—8kocks recorded in Japan on June 15 and 16, 1896,

Time (M.J.T.) Duration l Direction Remarks Intensity

H. M. 8. ‘| !
7 32 30 .M, 5 m,

The high tide came, |
and continual shocks |
were felt. ( J

EN.E. | A few houses .
{W.S.W. damaged } elight

7 63 30

8 235
8 23 15
8 33 10
859 0
9 81 30 ;
934 5 ’ : !
9 45 40 :
9 50 10 I
10 32 10 !
11 22 0 ‘)
11 33 15 |
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The first list is that of thirteen shocks noted on June 15 at the Ob-

servatory in Miyako, a place lying to the north of Kamaishi and Yamada,

where the sea-waves were felt with great force.

The following is a list of shocks noted at observatoriesin various parts
of Japan. The Tolkio shocks will also be found in the list of records from
the Meteorological Observatory in that city (pp. 135-6, Nos. 1,710 to 1,740).
Of these latter, it will be noted that there were only three of marked in-
tensity, and it does not seem that these were connected with the occur-

rence of the first sea-waves,

List 2.—Farthquakes noted at Observateries in Northern Japan in 1896,

Dats Japan Mean Time

13
44
44
47
33
34
34
30
34
31
36
39
15
18
52
a7

3

7

B
10
21
27
32
33
38
59

' June 15

-
L1 S B |

-
k413

DO WO0 S U X 000000 LG =] ] =] =] =]~ e] ) ey =] ~] =1~

=
A

CODLOLOWLLLDOLDDWD:
o
-3

H. M.

b9 ¢

S.
15
0
43
13
20
0
14
20
30
45
0
21
0
57
13
0
0
4]

P,

Character of Shock

slight

13

weak, slow
slight, slow
weak, slow
slight, slow !

weak ’
slight, slow
weak, slow

slight
”

2] ’
R i3]
slight, slow

slight
weak, slow
slight

'y
slight, slow
siight

”n

26

Place

Fukuoka.
Choshi.
Tokio.
Kofu.
Awomori.
Fukushima,
Tokio.
Nemuro,
Hakodate.
Sakai.
Utsunomiya.
Kofu.
Yamagata.
Fukushima.
Awomori,
Yamagata.
Kofu.
Fukushima,
Awomori,
Fukushima,
Awomori.
Tokio.
Awomori.

b2
Fukushima.
Tokio.

Kofu.
Yamagata.
Fukushima.
Awomori,
Tokio.
Kofu.
Awomori,
Fukushima.
Tokio.
Awomori.

Fukm’l’shima..
Awomori.
Tokio.
Kofu,
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LiIsT 2—continued.

Date

June 15

Japan Mean Time

H.
10

R N o Sy A W o= e R ]

HER OGO OTVYTRWRMEWHWmIHIC OO RN =T=13 &5 O

W

AM.

P.M.

Character of Shock

slight

wenk, slow
slight

weak, slow
slighs

weak, quick

slight, slow
slight

1

weak, slow
slight

weak
slight
weak, quick
weak
slight;

"

Place

Yamagata.
Awomori.

Ishinomaki,
Tokio.
Kofu.
Tokio.
Awomori.

.!7
Tokio.

K(;’fu.
Yamagata,
Awomori.

Utsunomiya.
Fukushima,
Tokio.
Sakai.
Awomori.
Niigata. Clocks
stopped.
Kofu.
Yamagata.
Tokio.
Awomori.
Tokio.
Awomnori.

”

"
Fukushima.
Tokio.
Kofu.
Yamagata.
Awomori.
Fukushima.
Tekio.

1
Yamagata.
Awomori,
Hikone.
Awomori,
Tokio.
Awomori,
Tokio.
Hikone.
Fukushima.
Tokio.
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Nearly all these disturbances were only felt in the northern part of
Nippon. Thirty-three were noted in Awomori, 26 were recorded in
Tokio, 15 in Fukushima, 10 in Kofw, 7 in Yamagata, and 2 in Sakai.
The two shocks recorded at Hikone, which is 450 miles distant from
Miyako, were probably of local origin. The fact that the Miyako earth-
quakes were only sufficient to disturb seismographs in North Japan, whilst
the effect of one at least of the series was recorded in Europe, indicates
that the origin of these movements was far from land. Had it been a few
hundred miles still farther off shore it seems likely that ordinary seismo-
graphs, recording on smoked-glass surfaces, would have failed to have
given any indications that submarine disturbances had taken place. We
have, therefore, here an illustration of the necessity of using horizontal
pendulums with photographic recording apparatus, or the equivalent of
such instruments, if we desire to study sub-oceanic movements or the
effects produced by earthquakes which have originated at great distances,

Sea-waves.—Coast of Rikuzen ond Rikuchu (Home Department
Report).—First high water at 8.20 p.m. Altogether ten large waves, the
first three being at intervals of six minutes.

Miyako.—First high water, 8.20 p.M. Sea retreated about 7.15 p.m. ;
sea rose about 8.0 and 8.7 p.M. This last tide or wave rose 15 feet, and
people and houses were carried away. The tide rose six times.

Tawoi mura.—Sea retreated 1,800 feet.

Hakodate (Yesso).—Tides rose and fell from 10 p.m, on the 15th until
10 A.M. on the 16th. At 4 p.M. on the 16th quiet was restored.

Mororan (Yesso).—High tide at 8 p.u.

Tokachs and Moyori (Yesso).—At 11 p.M. the tide was 10 feet lower
than usual. It rose four or five times to heights of 60 or 100 feet.

Kinkazan.—Tide gange showed changes of 7 or 8 feet.

Bonin Ids.—Tide rose 3 or 4 feet.

Hawaii—In fourteen hours fourteen tides were noticed, commencing
at 7.38 p.M.

Sounds.—Sounds like thunder or the report of a heavy gun were heard
at many places, at Miyako before 8 p.M.; at Kitsugawa, in Miyagi
Ken ; at Tokachi and Moyori, in Yesso, &e.

Unusual Set of Ocean Currents.-- Sweeping up the eastern coast of
Japan is the great Black Stream, or Kuro Siwo, the strength of which,
as indicated by the distance to which it is felt and its position with
regard to the coast, is subject to seasonal variation. Along the inundated
coast a warm current is felt from spring to autumn, whilst during the
winter months the same shores experience a current that is cold. In
1896, spring passed, and yet the cold water hugged the shore, and the
fishermen seeking bonito had to go farther than usual from land until
they reached warmer waters.

Origin of the Disturbance.—Because the village of Taoi was destroyed
by two great waves, one coming from the south and the other from the
north, it has been assumed that at a distance of from five to eight miles
off the village a submarine landslip had taken place, and the waters rushed
inwards towards the scene of dislocation. Because places along 150 or
200 miles of the coast on which Taol is situated were inundated at about
the same time, as Professor Kochibe points out, it is clear that the origin
of the convulsion was at a very much greater distance from the land than
that just indicated.

Because the sea-waves were preceded by earthquakes it is evident
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that at least one of the latter must have been accompanied by enormous
dislocations in order to have produced the former.

These earthquakes, as recorded on land, were comparatively small,
which, from what we know of the dissipation of earthquake energy as it
radiates from its origing, indicates that the earth vibrations must have
travelled at least 100 miles.

The least interval of time that we can give between the arrival of the
vibratory wave and the sea-waves is that observed at Miyako, which is
21 minutes.

If we assume a mean depth for the ocean off the north-east coast of
Nippon, along an easterly line, to the origin of the disturbance at 2,000
fathoms, then the distance from the land to the origin may be expressed

~/ 12000 x g x 21 x 60,

or about 130 geographical miles.

Again, if we assume v, to be the velocity of the sea-wave, which may
be taken at 500 feet per second, this being a somewhat low observed
velocity for earthquake sea-waves approaching this coast; v, the velocity
of the vibratory waves, which over a short range has often been observed
at 7,000 or 8,000 feet per second ; and T the observed interval of time
between the arrival of the two waves, then the distance of their origin
from the coast is

T, %12
v, — 2,

or in this case about 113 geographical miles.

If we make »,=600 feet per second, the distance of the origin becomes
about 140 geographical miles,

Because we have taken the least interval that can be assigned to the
difference in the times of the arrival of the land and sea-waves, it may
be concluded that the origin of the Japan disturbance of June 15 was
along a submarine line at a distance of 120 to 140 geographical miles off
the coast of North-east Nippon.

Such a locus is at a depth of 4,000 fathoms, and, so far as we know
the sub-oceanic contours, exactly at the hottom of the Nippon slope,
forming the western boundary of the Tuscarora Deep, a well-known
origin for many large earthquakes (see map, fig. 14). :

Although much evidence may be adduced to show that early in June
1896 the ocean currents were deranged in direction and intensity, the
cause of the submarine dislocation was probably seismic.

Velocity of Propagation of Farth-waves.—Assuming the origin to lie
120 geographical miles east of Miyako, to which place it travelled at a
rate of 8,000 feet per second, which fairly well accords with the velocity
it travelled from the Miyako isoseist to Tokio, and velocities of propaga-
tion of similar earthquakes over short ranges, the time, within a few
seconds, at which the earthquake occurred was,"in G.M.T., June 14,
22h. 31m. 0s.

G. M. T.—Times at which Preliminary Tremors commenced tn Europe,

H. Me s, M., S,
.Padua. . . . 22 46 BT Time to travel . . 15 57
Ischia. . . .22 49 50 . . . 18 50
Rocea di Papa | .22 56 138 " . . 25 18
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Fia. 14.—Map to show submarine earthquake origins near Japan.
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The last observation evidently refers to a phase of movement different
from that of the first two, and therefore will not be further considered.

Padua . . 9,320 kms Velocity . . 97 ks, per sec.
ISChia ¢ » 9;749 T 3% . - 8.7 L1} iy

'We should expect to have found these two velocities to have been nearly
equal. Their mean value, or the probable rate at which motion was
transmitted from Japan to Italy, was

92 kms, per sec. on an are.
And about 83 ,, ,, ,, on achord.

The velocity of transmission to Tokio was about 3 kms. per second.
Earthquake No. 8 (Cyprus).!

A severe earthquake took place in Cyprus on June 29, at about
8h. 48m. 0s. Other records of this disturbance were as follows :—

H, M, &
1. Shide . 9 2 92
2. Ischia . . . . 8 48 20
3. Rocca di Papa, , . . 8 48 27
4. Rome . . 8 48 35
5. Padua . B 49 0
6. Catania . . . . . 8 50 30
7. Nicolaiew . . . . . 8 47 0

The observations 2 to 7 clearly indicate a large error in the obser-
vation made near the origin in Cyprus. The only caleulations of velocity
which can therefore be made are on paths between the Nicolalew isoseist
and the first six places,

i | Distance in Kms. | Time of Transit
Places }Distance in Kms.; from the from the Velocity in Kms.
' from Cyprus |  Nicolaiew Nicolaiew per Sec.
: Isoseist Isoseist
e e M e e -~ -——-————A——i»u s .~ —,
; ! 5 MOS
Nicolaiew . 1,332 i — ! - —
Catania . . { 1,684 | 352 | 3 30 7
Ischia i 1,813 | 481 ' 1 20 60
Rome. | 1,998 l 666 I 1 31 73
Padua 2,192 860 ' 2 0 71
Shide . | a4 | 2otz ;15 26 | 2.9
' i

The first and last determinations may possibly refer to the maximum
phases of motion, and the three intermediate ones to the velocity along a
path at some depth beneath the surface.

We have here an illustration of high velocities of propagation, which
we sometimes find between places each of which are at a distance from
an epicentre.

Earthquake tn Iceland, No. 35, 1896.

August 26, at about 10.30 p.M. In local time. Very severe shocks,
originating in or near the Hekla ridge. Many landslides, four houses
thrown down. One fissure on the Oelvus River, 6 miles long. New
geysers appeared. Great surface changes.

August 27, 9.15 A.M., also severe,

¥ Bee Dritish Association Report, 1896, pp. 199 and 200.
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September 5, 11.30 p.m., also severe.
6, 2.0 .M, ”
,, 19, 11.20 am. ot
The above dates and hours, which latter, in all probability, are only
approximately correct, become in Greenwich mean time as follows : —

”

H, M. H., M,

Aung. 26 . . . . . . . . . i1 50and 22 35

Sept. & . . . . . . . . . 12 50 ,, 15 50
19 . . . . . 0 40

The first of these was recorded ab Shlde, Edinburgh, Strassburg,
Ischia, Potsdam, Nicolaiew, Kew, Paris, and possibly a.t other places.
The remainder were not noted at Shide, because at the hours mentioned
the instrument was not working, excepting on the 19th, when there was
a heavy tremor storm. The second and third were recorded at Strass-
burg, and the third and fourth were feebly shown at Edinburgh.

G.M.T.
Shide Reocords— H, M. 8.
Commencement . . . . . . 11 23 48
End of preliminary tremors . . . 11 25 4
1st max. attained . . . . . .11 26 12
2nd ,, " . . . . . 11 27 39
3rd ,, " . . . . . . 11 32 ¢
End . . . . . . . . 12 10 0
Edinburgh Royal Observatory (Bifilar Pendulum)—
Commencement . . . . . . . 11 10 0O
End . . . . . . . . . 11 30 o
Kem (Declication Curve)—
18t small crest . . . . . . . 11 27 0 approx.
o90d , . . .+ . . . .11 2 o ,
std 4 s . -« o+ .+ . .11 3 0 .
Paris (Parc Saint Maur)—* Magnetic' perturbations
observed by M. Moureaux—
11 8 0
11 42 0O
11 46 0

Magnetometers at Greenwich, Falmouth, and Stonyhurst were not

disturbed.
Strassburg (Horizontal pendulum used by Dr. G. Ger-

land)—
H., M. 8§
Commencement . . . . . . . .11 22 9
Maximum . . . . . . . . . It 22 87
Until . . . . . . . . . 12 13 47
End . . . . . . . . . . 12 58 37
Rome . .. . . . . . .1 2 o
Rocea di Papa (1 -metre pendulum), . . . . 11 26 20
(7 - . ). . . . . 11 36 50
Catama, S F ~K.W. . . . . . . . .11 25 4
" N.E-S.W. . . . . . . . . 11 26 58
Padua . . . . . . . . . 11 30 0
Tschia, BEW, . . . . . . 11 30 654
\1 30° E 500 W . . . ‘ . .11 31 54
. 30° W, -S 3(2 E. . . . . . . 11 31 54

1 See Nature, Oct. 15, 1896, p. 574,
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The following table of distances from Hekla, in Iceland, to places
where movements were observed, together with the times at which the
latter commenced, shows that it is impossible to make any reliable calcu-
lations respecting the velocity with which motion was propagated. The
causes of the discrepancies are probably to be found in the differences in
the form of the instruments employed, and the want of a sufficiently open
time scale on many of the record-receiving surfaces :—

Kma, H, M. 8,
Shide . . . . . . 1,831 11 23 48
Strassburg , . . . . . 2,368 11 22 9
Padua . . . . . . 2775 11 30 ©
Rome . . . . . . . 3,182 11 23 0
Ischia . . . . . . 3,367 11 30 b4
Catania . ’ . . . . 9,747 11 25 4

Larthquake No. 36 (N.E. Japan, Namby).

For the phases of this earthquake as recorded at Carisbrooke Castle
and at Shide, see ‘ Report of the British Association,” 1896, pp. 229, 230.
The photogram is reproduced in this Report, p. 142.

This shock created considerable destruction in the north-west part of
Nippon. It was recorded in Tokio as a slow horizontal movement with a
slightly vertical component, but the records from ordinary seismographs
were too small for accurate measurement, The time of its commencement
in Tokio was, in local time, 5h. 9m. 33s. p.M., or in G.M.T., 20h. 9m. 33s.

‘When this motion was recorded the disturbance would have advanced
4° on its path towards Europe.

The time taken for three of the various phases of motion to reach
Shide and the Isle of Wight, and the velocities of propagation, were as
follows : —

Velocity on Velocity on
Are, Chord.
H. M. R, Kme. per Sec, Kums. per Sec.
Phase 1. Tremors . . . 13 33 11-11 946
» 3. Heavy motion . . 47 33 315 268
s» B, The maximum , . 1 453 2:5 196

The following table is a comparison of the Carisbrooke Castle and

Strassburg records :—!
Carisbrcoke  Btrassburg Difler¢ncs

H. M., &  IL M. 3. M, &,

Commencement of tremors , . 2023 6 20 17 50 5 16
s » mMax. . . 20587 © 20 29 56 27 10

End . . . . . 231620 2338 2 21 42
Duration .. . . 25320 3 2012 26 52
Duration of preliminary tremors . 34 0 12 6 21 54

Because earthquake movement dies away gradually and fitfully, it is
not at all remarkable that there should be nearly 27 minutes difference in
the recorded duration of the disturbance as shown at Carisbrooke and
Strassburg. The differences between the two records which are noticeable
are in the times at which the preliminary tremors commenced and their
duration. Because Carisbrooke is not more than 360 kms. farther from
North Japan than Strassburg, it might be expected that the preliminary
tremors at the latter place would have been observed about half a minute
before they reached the Isle of Wight. A difference exceeding five
minutes either indicates that the Carisbrooke instrument is less sensitive

1 Nature, April 15, 1897, p. 558.
97. M
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than that at Strassburg, or else that between the Strassburg isoseist and
the Isle of Wight, motion was propagated at only a little over 1 km. per
second, which, it may be noted, is a rate of transmission often observed
over short ranges near to an epicentre. An inference to be derived from
this is, that for purposes of comparison it is desirable that all stations
should be furnished with instruments of equal sensibility.

If we accept the Strassburg record of the arrival of the first tremors as
correct, then the average velocity of propagation from Japan to that place
exceeded on the arc 18 kms. per second, whereas the average of very many
other observations on the same path have yielded apparent velocities of
half this quantity.

The origin of this disturbance was along two almost north and south
lines in the middle of North Nippon. It may be taken as lying to the
north and south of a point in 140° 50' E. long. and 39° 40’ N. lat.

The times at which the shock was automatically noted at various towns
were in local time as follows :—

H. M. S.
Miyako .. 5 8 55 P.M.
Awomori 5 811
Yamagata . 5 8 0
Ishimaki 5 810
Tokio . 5 933

The distance between Tokio and Yamagata is about 150 g.m., and
Tokio and the origin 240 g.m, Between the first two places the time
taken for the vibration to travel was 90 seconds, indicating a velocity of
about 10,000 feet per second. Assuming this to be correct, then the time
taken from the origin to Tokio woyld be 2m. 44s., from which it may be
concluded that the shock originated at 5h. Tm. 9s., or, in G.M.T., August 30,
20h. Tm. 9s.

The times at which the commencement of this disturbance was noted
in Europe were as follows :—

H,. M. 5

Shide . . . . . . . . . . . 2023 6
Strassburg . . . . . . . . . . 20 17 50
Ischia . . . . . . . . . . . 2020 30
Rocea di Papa (2 maximum by a horizontal pendualum) . 21 350
" ( . w I-metre » ) . 2055 0O

» ( " W 15, " ) . 2041 15
Rome . . . . . . . . . . . 2021 15
Catania, N.E.-8.W, . . . . . . . . 20 25 24
» S.E-N.W, . . . . . . . . 2021 48
Nicolaiew . . . . . . . . . . 20 730
Time of origin in North Japan . . . . . .20 T 9

Omitting the observations at Rocca di Papa and Nicolaiew, the fol-

lowing velocities have been determined :(—
!

—_ | Shide | Strassburg | Ischia Rome Catania

Time of transit . « 15m.57s. | 10m. 41s 3 13m. 21s. | 14m. 6s.  14m. 39s.
Distance on arc,inkms. 9,290 9,157 0,4¢8 9,564 | 9,796
Distance on chord, in ; ,

kms, 8,532 . 8,147 8,608 : 8,688 | 8864
Velocity on arc, in kms, t

per sec. 97 | 142 118 1 112 111
Velocity on chord, in ; } ; :

ks, per sec. [ 89 - 131 ¢ 107 ¢ 102 | 100
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The previous calculation for Strassburg was from the Tokio isoseist,
but even the present result seems very high, whilst that for Shide is a

little low.
.E'a; tkgua,Le No. 47 (September 21, ]896)
|
! — [Distance from |y o |
' [ . M. o8
Shide ... ..o Beead | 17T 2 02
Fucecchio . . . . , A . - — | 16 51 6O
Rome . . . . . . . . . . 23° 18’ 16 53 25
Ischia . . . . . . . . . S 23° 0 1 16 53 58
Padua, . . . . | 24° 16 534 0
Rocea di Papa, E.-W. . . . . . . . — - 1654 0
Catania, NE-S.W, . . . . . . . 238° 0 ° 16 54 8
| ., S.E-NW. Ce e — . 16 54 16
! Pavia . | 28° 200 ¢ 16 55 20
| Ficolaiew — 16 52 0
The origin may have been near T1ﬂ1s
Lurthquake No. 48 (September 23, 1896).
G. M.
H. M. 8.
Shide . i1 59 60
Caltagirone 11 30 0
Catania, N.E _H \V 11 51 40
3 N.W.— 11 52 4
Tachia 11 52 8
Rome . 11 52 5
Rocea di Iap'z i1 58 30
Pavia . . . . . . . . . 11 540
Nicolaiew . . . . . . . . . .11 B2 0
Earthquake No. 49 (September 24, 1896).
G.M.T.
H. M. 8,
Shide (only partly shown) 10 39 20
Ischia . 10 46 33
Rome . . . . . . . . . 10 46 40
Catania, N.K.-8. W . . . . . . . 10 46 50
" S8E.-N.W. . . . . 10 46 47
Nicolaiew . . . . . . . . 10 49 o
Earthquake No. 56 (October 31, 1896),
G.M.T.
Observations at Shide, Isle of Wight— H. M, 8.
Preliminary tremors commence . . . . . 17 18 2
» » end . . . . » 17 31 55
" »  duration . . . . . 13 83
1. Large waves . . . . . . . 17 31 &5
2, Maximum . . . . . . . 17 53 25
3. Maximum . . . . . 18 0 35
End of disturbance al uut . . . . . 21 0 0
Duration, 3 or 4 hours,
Nicolaiew, commenceinent . . . . . . 17 5 30
Ischia, . . . . . . . 17 8 &5
Potsdam, shock at . . . . . . . I7 21 6
Origin probably Tashkent.
M2
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Earthquake No. 67 (November 5, 1896).

G.M.T.

Shide Records : K M A
Preliminary tremors commence . . . . . 9 44 58

" " duration . . . . . 15 46
Maximum . . . . . . . . .10 0 47
Duration of disturbance about . . . . . 55 0
Nicolaiew, commencement . . . . . . 9% 39 30
Ischia, " . . . . . .9 564 17

Earthgquake No, 78 (Severn Valley),

Shide Records, December 16, 1896,

The earthquake which created so much alarm in the Severn Valley
at about 5.30 A.M. on December 17, when chimneys were shattered and
certain buildings more or less unrcofed, was only barely perceptible in
the Isle of Wight. The booms of the seismographs at Shide were not
slowly tilted from side to side, as is the case when they record earthquakes
originating at a great distance, but mwerely set in a state of elastic vibra-
tion, behaving, in fact, like the pointers of seismographs intended to
record movements which we feel. The range of these elastic movements,
for the most part, were about lmm., and did not exceed 3 or 4mm. One
marked motion commenced at 17h, 30m. 55s., and lasted 5 minutes,

These tremors, which were intermittent and not continuous, as is
the case in an ordinary tremor storm, commenced about 11 ».m, on the 16th,
and ended at about 11 A.M. next morning. The duration of each group
was from 1 to about 6 minutes, and they were separated by intervals of
5 to 60 minutes. Twenty-two of the tremor groups shown by one instru-
ment apparently closely agree in time with 22 maxima shown by a second
instrument in another room.

Because there were certainly movements or phenomena observed
indicating movements of the ground before and atter the chief shock,
the approximate times at which a few of the twenty-two groups of
tremors were noted are here given.

Decemnber 16 : at about 11 hrs.; after 14 hrs.; at 15 hrs, two
groups ; 16 to 18 hrs. an intermittent series, with a maximum about
17h. 30m. ; between 18 to 19 hrs,, two groups; and the last at about
22 hrs.

Should it be found necessary, the exact time of each of these may be
computed from the original photograms.

Details connected with many observations contained in the first two
<columns will be found in ‘Symons’s Meteorological Magazine,” Janunary
1897. These observations indicate that during the night of December 16 and
17 persons living in widely separated districts were from time to time dis-
turbed by what they considered to be a tremulous motion of the ground.
Because it was night time, in no instance that I am aware of can it be
assumed that accurate time observations were made ; and, therefore, a
few of them have been bracketed together, as possibly referring to the same
disturbance.

The Leicester and Hampshire observations, made between 9.30 a.u.
and noon, strangely enough, were the result of observing similar pheno-
mena, namely, the twitching of telegraph wires. In Leicester this was
seen by a number of persons, the wires vibrating vertically in an unusual
and extraordinary manner, there being no wind or other cause to which
the movement could be attributed.
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Tremors Observed before the Shock on December 16, at gbout 1Th. 3%m, 1896,

LW, Seismo- P 1.W. Seinmo-
Place Time gr':i‘ph Duration . em h Duration
e . — |
I H. M, i 1 |
Rochdale . . after 10 O
Brixton . . 1 0
Bangor . . . 1342 | A.M. 8 | M8 | A oM o8 | M8
‘ { 14 352 © 418 14 4 31 2 47
Near Worcester . 14 10 \ 14 12 28 2 52 14 11 23 2 47
Majdenhead . . | 1455 143638 | 710 | 143911 ¢ 5
Worcester . 15 O l
Salop . | 15 15 ¢
Worcester . 15 35 |

" . I 15 50}, 15 563 57 4 5 15 50 34 I 5 45
Wolverhampton . 16 0
Droitwich . 16 157 \

; . 16 20 .| 16 25 1 244 | 1624 3 | 123
Cardiff . 16 30 | : :
Hereford . . l 16 50 l, 16 42 2 1 14 0 16 43 45 \ max.
Ralop . . L 17T 0 1
Alderley Edge . 17 1 i '
Hereford . . . i 1720 | 1710 2 124 17 11 29 | max

" . . © 17 30 | l !

Tremers (Ybserved after 1he Shook on December 16, at 17h. 32m. 1896.

I.W. Seismo- ! ' T.W. 8¢ismo- '
Place Time graph . Duration]  graph Turation
T | W
H. M. H. M. B. M, B, I H. M. B. M. B.
Dulwich . . . 17 50| 17 54 33 545 | 1760 5 6 49
Southampton . . 17 575( 18 8 30 13 57 ‘ 18 5 15 4 5
Leicester . . . 21 30 21 21 3 2 47 21 24 11 527
. .. 93 0 | 224222 | 252 | 223627
(about)
Hampshire . . lafter24 O 23 49 2 {2222 E i |

At the time the tremors were recorded Seismograph T was moving
under the influence of convection or other air currents. From time to
time, however, it showed maxima of rapid motion, which indicates the
existence of an influence superimposed upon the slow swing. The times
of the commencement of these maxima are therefore not closely defined.
Notwithstanding this want of definition, it is worthy of note that eleven
of these records closely agree with the commencement of ten groups of
tremor records obtained from Seismograph W in another room, and the
times at which persons in various parts of England believed that they
had been disturbed by slight earthquakes, or had seen evidences of earth
movement.

During the night there were altogether thirteen tremors at which the
seismographs moved simultaneously ; but it must be noted that there were
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a number of extremely small movements recorded by the two seismo-
graphs which did not agree as to their times of occurrence.

Should further comparisons of the records lead to agreements similar
to those here indicated, the conclusion will be that England is much more
frequently shaken by very small earthquakes than is generally supposed.

Earthquake No. 83 (February 6, 1807).

G.M.T.

Shide Becords : H. M. 8.
Preliminary tremors commence . . . . . . 1953 3
2nd max. . . . . . . 20 543

3rd ., . . . . . . 20 943

4th , . . . . . . 2015 3

st large waves commence . . . . . . . 2015 43
w oo , end . . . . . . . . 20 22 23
2nd ,, ,, COmmence . . . . . . . 20 23 43
n o w end . . . . . . . . 20 31 43
1st concluding vibrations . . . . . . . 2033 3
2nd " " . . . . . . . 20 35 43
3rd " " . . . . . . . 2045 3
4th " " . . . . . . . 20 54 23
Duration of preliminary tremors . . . . . . 26 40
" disturbance, about . . . . . 1 6 0

Strasshury Records. (Dr. G. GERLAKD with Dr. EELERT'S Pendulums,)

—_ Begin 1 End After Shocks end
H. M, B H. M. 8. ; H. M. 8.
1st Pendulvm E. & W. . 19 49 50 ’ 20 46 19 21 41 39
2nd Pendulum N.W. & 8.E. 19 45 25 ‘ 20 40 20 21 54 O
3rd Pendulum S.W. & N.E, 19 45 25 - 23 30 0

On the third pendulum there were three maxima of tremors.
Duration of preliminary tremors, 38m. 27s.

Potsdam, Dr, ESCHENHAGEN,

From a photographic reproduction of Dr, Eschenhagen’s diagrams the
following times are obtained :—

G.M.T.

I M. 8.

Commencement of preliminary tremors . . . . 19 50 30
Duration of " " . . . . 29 16
Nicolaiow . . . . . . . . . . 12) 57 0
lsehia . . ' . . . . . . . 1955 0
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Earthquake of February 18, 1897,  Origin, Japan (8h. 40m. 0s. G.M.T.).

This earthquake was not recorded at Shide, the clock of the recording
apparatus having stopped. It wasrecorded at other stations as follows -—

]

. M, S8
Edinburgh. 9 30 O (maximum)
Nicolaiew . 8 52 0
Ischia . . . 8 55 30
Potsdam . . 9 41

The following are the times (J.M.T.) at which the shock was noted in
Japan :—

Miyako.—5h. 49m., strong and sudden, clocks stopped.
Yamagata.—5h. 49m, 10s., strong and sudden, clocks stopped.
Akita.—5h. 49m. 30s., strong and sudden, clock stopped.
Jshinomaki.—5h. 49m. 30s., strong and sudden, clock stopped.
Niigata.—5h. 46m. 36s., strong, clocks stopped.
Fukushima.—5h. 49mn. 48s., strong, clocks stopped.
Utsunomiya.—5h. 50m. Os,, strong, houses shaken.
Mayibashi—5h. 47Tm. 56s., strong, clocks stopped.
Tokio.—bh. 49m. 37s., strong and slow, clocks stopped.
Mito.—5h. 50m., strong and slow, clocks stopped.
Kofu.—b5h. 50m., strong and slow, clocks stopped.
Choshi.—5h. 51m. 24s., strong and long.

Nagoya.—5h. 52m. 36s., strong, clocks stopped.
Nagano.—bh, 50m. 5s., weak and slow.

K’gaya.—5h. 48m., weak and slow.

Awomori—bh. b0m., weak and sudden, clocks stopped.
Hakodate.—5h, 59m. 48s., weak and sudden, stopped.
Uwajima.—5h. 52m. 45s., weak and slow.
Yokosuka.—b5h. 49m. 57s., weak and long.
Yokohama.—bh. 51m. 20s., weak, clocks stopped.
Hamamatsu.—5h. Tm., weak.

Hikone.—bh. 50m. 27s., weak and long.

Gifu—5h. 57m. 10s., weak.

Kioto.—bh. 51m. 4s., weak, with rumbling.
Fushiki.—5h. b0m. 45s., slight and slow.

Nemuro.—5bh. 40m, 45s., slight and long.

Kushiro.—5h. 50m., 50s., slight, with rumbling noises.

The greatest disturbance appears to have taken place at Sendai and
in N.E. Nippon, from which it is not unlikely that the origin of the
shock was near to that of June 15, 1896 (see Bhock No. 1). This being
the case, the rate of travel on paths 9,749, 8,760, and 8,241 kms. to Ischia,
Potsdam, and Nicolaiew would respectively be 24, 97, and 45 kms. per
gecond ! The first and last of these computations we hope to be in a
position to correct in some future report.

Examples of earthquakes which have sensibly shaken the whole of
North Japan can be found the effects of which do not appear to have
reached Europe,
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Earth Movements recorded by a Bifilar Pendulum at the Royal Observatory,

Edinburgh.
No. Sé};(.ie ‘ Date glﬁeri\ Remarks.
H. M.
1 32 ' Aug. 25| 4 45 | Slight tiit to North.
2 " ” 5 40 ' » South,
3 » w | 21 10" | Four slight bends in curve, North and South
4 " 261 210 f |  alternately.
5 36 . s . 11 15 l Gap in curve. No photographic effect pro-
» » {11 50 duced from 11h. 15m. to 11h. 30m. ; broadered
J | and badly defined line 11h. 30m. to 11h. 50m.
6 1 " 18 35 ' Tilt to North.
7 ” n | 22 50} . Gap very similar to the one at 11h, 15m
L w . | 2320) RPYEY - om.
8  Sept. 20| 150
| 3 35 { | Four bends in curve, South and North alter-
45 | 5 O nately.
{ 6 20
9 47 o 21117 5 4 Trace of diffusion in the curve line. Line
filighbly bent at several points during the {
ay. '
10 43 " 23 ié ?; } Line distinctly diffused for 20 minutes.
11 B1 | Oct. 6 ' 20 10 | Bend to North.
20 30 | Normal direction resumed.
22 46 | Bend to South.
12 67 { Nov. 2, 6 48 ! Tilt to North.
}i 67 g :: g ‘]33 ?g . Line very irregular, sinuous.
15 [ 26 —_ Several very slight irregularities during the
: day. None well marked.
16 | 70 ‘Dec. 4! 816 | Small tilt to South.
17 83 Feb. 6| 19 33 | Large tilt to North, about 2'"3.
. o | 20 251 Line diffused, with well-marked widening to |
.| 2040’1 South.
i8 Lo 7 533 Large tilt to North.
19 by [T 13 20 ” " 7}
20 87T | 16 8 12 | Strong ,, .
21 1 ” 1517 1 1 ”
22 i e 19 930 l Gap in photographic trace. (At Sh. 30m gap
o w, 948 begins abruptly. At 9h. 48m. line is nearly
’ w | 10 2 normal for a few minutes Slight diffusion
\ | and widening lasts up to 10h. 2m.) '
23 88 . » | 12 327 ! Gapinphotographicline. (At12h.32m.lineshows
[ 1 12 47 slight trace of diffusion and widening. 12h.
Y » I 12 52 47m, to 12h. 52m. line is nearly normal, when
L w18 17 thegap begins, and ends sharplyat 13h. 17m.)
} Mar. 18 | 2 54 | Small tilt to North,

40
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Records received from Professor Kortazzi, Nicolaiew. The Instrument employed
1eas von Rebe ur’:! Horizontal Pendulum. Time, G.M.T.

_Pg" ¢ Time
B
No. %g Date Remarka.
E:,g Commence: | Nuximom | Ead
1896 H.M, 8| H. M. B8 oM., 8, |
1| 1 |Junel4 — 22 0 0 — Record spoiled. Juapan.
2 8 Y, 29| 847 0O — 9 22 0, Cyprus.
3 { f 9 36 30 — — Small. Cyprus,
435 |Aug.26(1122 0 1137 0 |1222 0 Max. amp, I0mm Also
: ¢ sharp at 11h. 29m. 30s,
! - Iceland.
5(3,, 3 20 7301 2033 0 23 7 0 . Also sharp at 20h. 17m.
0s. and 21h, 7Twm. Os.
Japan.
6|39 {Sept. 12,1712 0| 1732 0 ;18 12 O | Max. 15mm.
747 , 2111652 O 16 59 © 17 32 0| Max. 35mm. Farth-
: ! quake in Tiflis.
848" ,, 23,1152 0 11 57 0 13 52 O | Sharp at 11h. 57mn. 30,
9149 , 24:1049 p| 1135 0 {1210 O | Max. 7-5mm, Sharp at
i 11h. 6m. Os,
10 1 56 ‘Oct. 31|17 5301 1719 0 |19 0 O | Max. 52mm. Sharp at
17h. 10m. 0s. Djarkent
! and Przewalsk.
11 | 57 'Nov. 2| 351 0 359 0O 412 0 | Max. 4'5mm,
12167 , &5 93930 966 0 |11 22 0 : Max. 18mm. Sharp at
‘ 9h, 44m. 30s. and 9h.
' 52m. Os.
1897
13! 74 Jan. 812224 0: 2252 O |24 38 0| Max. 8mm. Sharp at
22h. 48m. 0s.
14 183 Feb. 6 1957 0| 2016 0O '21 22 0| Max. 30mm. Sharp at
! 20h. 2m. Os.
158 ,, 12|14 6 0 1418 0 1522 0 : Max. 10mm. Sharp at
‘ ' I 14h, 16m, Os. i
J 9 8 07 {
16 {88 -, 19} 852 0 41016 0:. 15 2 0 Separated maxima. |
1225 0 r .
17089 iMar. 1:1432 0 1448 0 | 1513 0| Max. 4mm, !
18:93( , 151831 0, 1922 0 12012 O l Max. 19mm. Sharp at !
| | 19h. 9m. Os. and 19h. |
i ¢ 17m. 0s.

41



170

REPORT—1897.

Records received from Dr. Giulio Grablovitz, Director R. Osservatorio Geodinamico

di Casamicciola, Tschia.

The movements were recorded on smoked paper by means of two horizontal

pendulums.
| ) T
K Time, G.M.T.
No.! 82| Date . Bemarks.
gﬁ CO?::;T ce- : Maximum End
1896 H. M. 8. H. Et 8 H. M. 8.
- 23 33 461 .
1| 1 |Junei4| 22 49 BO 23 36 49§ 0 30 0 Large.
2| — | , 15|17 88 47 — —
3|—1| , , |11 2333 — —
856 3
4| 8 . 201 8 48 20 8 59 25} 9 17 0 | Moderate.
11 39 07 Laree.
B35 | Aug. 2681 11 30 54 {11 q 0 JL 12 0 0 | Ieeland. rge
61— , »|226563 —_ — » Moderate.
21 7 0
7186 | , 30202080 {00 5 12222 0
81— | Sept. 5| 12 2 43 — —_ Iceland.
9| —1] , 11|2030 35 — _
10— , 17! 253 40 . — — Calabria.
11 [ 47 ,, 211165358 1659 0 |17 20 O | Weak.
1248, 2311162 84, % 11243 01
13, —{ , 24|10 46 33 . — -
49 | ,
14 or w 5 1154 0 12 730 | Uncertain’ [ Instrument disturbed by
50 ; - strong wind,
15+ — | Oct. 29 23 56 35 — |
16156 | , 3117 8 5 {173 01 1839 o : Moderate.
e | ; f10 2 O !
1767 Nov. 5| 95417 {0 0} 103 0o,
18— , 912232 8§ — —
, 1897 :
19 — | Jan.10; 9 8 O] — — Gulf of Persia.
20 | 83 | Feb. 6|19 55 0 .{gg o 0-'21 0 0 Moderate.
21! —| , 11|18 0° — . — . Calabria.
22 | —| . 19| 85530: 945 0 | 1020 0| Moderate.
23 (88| , ,11216 0 1318 O |1430 ©
L . :

Eleven records refer to the same disturbances noted at Shide.
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The following observations have been received from Professor Dr.
Eschenhagen, Konigliches Meteorologisch-Magnetisches Observatorium,
Potsdam :—

ON SEISMOLOGICAL INVESTIGATION.

Records of Magnetographks.

Correspond. | !
No ing\'Shide ©  Date Time, G.M.T. ! Remarks.
aNO. '
I 1895 I M. S
1 35 \ Aug, 26 | 11 29 15 | Strong on all three magnetographs at
t  1ih. 34m. 45s.
2 — ', 27| 11 2 57 ! Weak, but strong at 11h. Tm, 45s,
3 36 -1 | — Earthquake, but instrument was also
| artificially disturbed.
4 —_ Sept. 5| 12 11 46 | From Iceland.
5 39 | . 12 — Earthquake, but instrument was also |
artificially disturbed.
6 41 " 14 - ] ” 17 ”
7. 47 | . 21 17 6 27 Weak. Strong at Im. 42s, later. Ends
: at 17h. 1Tm. 45s.
8 48 w 23| 12 3 45 | Weak for 4dm. Also at 12h. 8m. 57s. to ;
12h. [3m. 27s. :
9 56 Oct, 31 | 17 21 6 | Shock, but chief shock at 17h. 27m.
1897
10! 83 ! Feb, 6| 20 31 57 | Duration, 4m. Lloyd’s balance.
11 88? | »w 19 941 33 " -
— — — 9 43 59 ” "
— — ] — 9 48 33 | " -

Observations with a Conical Pendulum carrying a small Mirror on a Glass Boom
20 cm. in length, and keld horizontally by @ Quartz Fibre. Period, about 15s.
The apparatus is similar to that used for several years in Japan,!

No, Cogﬁfip:?;?g Date ‘ Approxl.m ?te Time, Remarka,
1897 H. M. 8.
1 — Jan. 3 11 7 62 Duration, 2h.
2 — w 10 9 639 » 1h,
3 — w 12 9 631 » 1h.
4 78 , 16 10 36 29
5 — w 19 l 14 37 37
6 83 Feb. 6 20 5 8 . 2h.
( 84 N ¢ | 12 511
8 85 s 12 | 15 528 » lh
9 — , 14 3 35 25
10 — . 15 10 525 | , 1h.
11 — . 19 91431 ! .  2h.
12 88 — | 12 5 31 »  2h
13 — ., 20 | 155036
14 - ., 2% . 233550
15 — Mar. 2 | 9 610 ,  oh.
16 — . 4 12 438 | 1n
17 - .6 | 13 540

The lists, it will be observed, are only comparable from January, 1897,
after which there are two magnetograph disturbances, corresponding to
two movements of the horizontal pendulum. The comparison between
these shows considerable differences in time, and indicates the necessity

\ See Réport of British Association, 1892.
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of obtaining records from similar instruments, each recording on a surface
moving with sufficient rapidity to give an open time scale. It is satis-
factory to mote that twelve of the disturbances were common to North
Germany and the Isle of Wight.

The following are more exact determinations of the commencement

of disturbances, determined from photograms :—
1. . s GMT.

No. 4 (Shide 78), Jan. 16 . . . 10 2 8
w 6( 4 83)Feb. 6 . . . 19 50 30
o 11 n 19 . . . 9 41
wil2( , 88, ,, 19 . . . 3220 9

Qbservations at Rocoa di Papa. Dr. A. CANCANI, (These observations reached
Shide too late to be used in computations of velocity, &c.)

No. Slgife Date Cor;r:z:ce- Maximum Remarks
1896 | m. M. s. H. M. 8
1 1 June 14| 22 56 ¢ 23 23 156 | Period 18 seconds,
2 8 » 29| 8 48 27 8§ 52 30 | Also at 8h. 59m.
3 as Ang. 26 11 26 40 11 35 0 { End at 1th. 46m.
4 36 ., 380(221 0 21 3 0 | End at 22h. 16m.; the long
waves commenced at 20k,
t 4Im.
5 — iSept.5|12 6 0| 1215 O
6 ~ . 5 11|20 388 20 20 56 0 | End about 22h.
7 47 !, 21|17 O O —_ Daration 37m.
i (about) f
8 48 =, 2311155 O 12 38 0  End about 12h. 20m.
9 56 - Oct, 31117 O O 17 31 0 | End about 18h.
10 67 Nov. 5| 969 O 10 1 30 | Duration 1h.
11 83 Feb, 62024 0 20 27 19
| 9 37 20
! 9 39 30
12 — s 191 829 0 9 41 20 k
9 45 10 i
947 0 :
S (13 8 0 ;
13 88 1w » 1155 0 T i
; | | Lz 26 o |

VI. The Highest Apparent Velocities at which Earth-waves are Propagated.
By Joux Miusg, F.R.S., F.G.S.

The following table of the highest apparent- velocities with which
earthquake motion is propagated over paths of varying length has been
drawn up for the purpose of indicating the general character of the
information we at present possess bearing upon this subject,

The sources from which information has been derived are various, the
more important being as follows :—

‘ Horizontalpendel-Beobachtungen,” by Dr. E. von Rebeur-Paschwitz
(“Beitrage zur Geophysik,’ Band IL.). These include observations made at.
Strassburg, Potsdam, Wilhelmshaven, Nicolaiew, Charkof, by the present
writer in Japan, by observers in Italy and other places. ¢ Bollettino
della Societd Sismologica Italiana,” vols. i. and ii. The catalogues, edited
by Professor P. Tacchini, contained in the volumes give prominence to the
observations made at Italian stations, whilst observations made in Europe
and Japan have not been neglected. *Transactions of the Seismological
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Society,’ vols. i.-xx. Seventeen Reports on Seismic Phenomena drawn up
by the writer for the British Association, 1881-1896.

With the exception of groups of observations made within a few
hundreds of kilometres of an epifocal area, all records which refer to
maxima phases of motion, as, for example, those which apparently disturb
magnetographs, have been neglected, and therefore, taken as a whole, the
velocities given in the following list are based upon the times at which
preliminary tremors have commenced to show themselves at various

stations.

E | | pie |velceity
. Place of S itanecon|in Kms,
Epicentre I Date Observation ]gﬂéniizn; Arc in | per Sec. -
‘ BTee8, Kms. |on Arc
1. S, A, Santiago . .| Oct, 27,1894 Tokio i 156 17,400 | 170 Meah ofob- ;
i servations
at three
i stat’onain
j : Tokioe.
% . » .. " Charkot 119 13,230 ; 1213
3. Mexico . . . Nov. 2, 1894 Nieolniew ‘ 192 11,300 | 100
4. 8. A,, Santiago . .+ Oct. 27,1894 Rome | 100 11,200 | 10-B6
5. Merida Venezuela . l Apr. 28, 1894 I Charkof 948 | 10,550 91 Meanof ob-
! ' servations
I i at Charkof
l and Nico-
} laiew,
6. Japan, Sakata . .1 Oct. 31,1896 Catania 8815 ¢ 9,796 . 1I'1
7. 4 NE.Coast .| Junels, 1895 Ischia 478 ! 9749 | 87
8. , Sakata . . l Oct. 31, 1806 Rome « 86710 ; 9,564 ° 12
. %, Tokio .+ Oct. 18, 1892 Strassburg . 886 9620 587
l 1, » . .{ Nov. 4,1892 - i - - o 81
it, ,  Nemuro . . \ Mar. 22, 1898 Rome | 860 9,500 99
{12, .  Sakata .| Oct. 81, 1896 Ischin | 853 | o469 | 118
' 13, ,, Nemure . . | Mar. 22, 1894 S. Russia 853 | 9477 | &7
14, ,, N.E.Coast .| Junelb, 1895 adun 844 9,320 97
I la. Sakata f Qct, 31, 1896 Isle of Wight 837 9,200 97
© 16. California . . Apr. 19,1892 Strassburg 827 9,180 3-03
17. Japan, Sakate . Oct. 31, 1896 - 825 9,157 | 142
18, ,, Tokio ., Apr. 17,1889 Wilhelmshaven 817 9,070 68
|8 a ‘ " Potsdam 806 | 8950 | 113
20, Philippines L .| Mar. 18, 1892 Nicolaiew 789 8,768 20113
v 21, y nzon . " - “ ’ 4
22, Japaﬁ, Tokio . . ’ May 11, 1892 . 712 7,910 g;g
ey, " . .| Qct.18 1802 | " — — .
24, o . . Nov. 4, 1892 » — — 628
25, » . . Mar, 23, 1893 “ —_ —_ 372
2%, " . Jan. 18, 1898 . — — 63
27, ,, Nemuro . Mar, 21, 1894 Mid Italy 707 7,857 82
28, Tokio . . Oct.7,1894 Charkof 704 7,814 | 130
24, Quetta . . .| Dee. 20,1892 | Strasshurg 457 5,290 565
S0. . . . . ‘ Feb. 13, 1893 " ”" " 3408
41, Central Asia, Wiernoje | July 11, 1889 Wilhelmshaven, : 433 4,806 500
Potslam .
32, Quetta . . .| Dee, 20,1802 —_ - 3,840 38¢
33. Asla Minor, Amed ,| Apr.16,18% Strasshurg ;180 1,990 3-50
34, Patrag. . . .| Aug, 25, 1889 Potsdam 15-4 1,732 2-59
35. Charleston . . . i Aug. 31, 1886 — 150 1,678 518
. 86, Thebes . .| May 23, 1893 Strassburg 148 1,650 24
1 87. Asia Minor, Amed Apr. 16, 189¢ Padua b0 1,580 94
38, Bucharest . . Oct, 14, 1892 Strassburg | 1340 1,450 235
39, Valoria, Epirus . June 13, 1893 " o121 1,360 30
40, -, » " Nicolaiew "o114 1,270 31
41. Thebes ' . May 23, 1803 » i 103 1,150 20
42, Naples. . . .| Jan, 25, 1803 Strassbnrg 90 1,600 362
43. Mount Gargano, Italy Anug, 10,1893 . . " . 362
44, Japan, Nemuro . Mar. 22, 1893 Tokio 87 65 26 Average
max. for
l group of
4 shocks,
45. ,, Noto . .| Deec.9, 1891 " P24 l 272 23 | Averagefor
! a group.
6. . Gifu . Qct, 28, 1801 . 22 241 | 4 Max. foI;' a
X groupof 18
' shocks.

Apparent Velocity of Earthquake Motion along Paths of Varying Length.
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A glance at the above table, or the diagrammatic representation of the
same (fig. 15), shows that either there have been great differences in the

velocities with which movements have been propagated to points equally
distant from given origins, which is unlikely, or that there have been
larger errors in the determination of the time at which motion commenced

at different stations.
Possible causes for these errors are easily found.

F1g. 15.—Velocitics of Earth-waves round or through the Earth.
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1. Different instruments ; some being horizontal pendulums recording
photographically, others being pendulums varying in length and in the
frictional resistance of pointers recording on smoked surfaces, may have

unequal degrees of sensibility.
9. Similar instruments may be differently adjusted.

3. When a record is received on a surface moving at a rate of about
20mm. per hour, the error in determining the time at which a disturbance

commenced may be 1 minute.
4. A local shock may be mistaken for one arriving from a distance.
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Examination of Cases where the Velocity has been Abnormally Haigh.

Shock No. 1.—This was recorded at three stations in Japan by hori-
zontal pendulums recording on photographic surfaces. From the fact that
ordinary seismographs did not record an earthquake on that day, and
because each photogram began with gentle tremors, it is safe to assume
that they represented an earthquake originating at a great distance.
Unfortunately, the note-books containing the clock corrections were burned,
but taking the time determinations direct from the photograms, they lead
to the conclusion that motion was propagated to Japan from a place
almost at its antipodes at a rate varying between 16 and 19 kms. per
second.

The greatest merit in this record is that it falls in line with what we
should expect from records taken over shorter ranges.

Shock 17.—Like other Strassburg records, this was obtained on paper
moving at a rate of about 1 mm, in three minutes. Independently of this,
however, we see that for the same shock at four other observatories
velocities of 97,111, 11-2, and 11'8 kms. per second have been calculated
(Nos. 15, 6, 8, and 12), and it is therefore highly probable that the
determination for Strassburg of 14-2 kms. is too high.

Shock 28.—We have here another case of a record from a surface
moving at a rate of 1 mm. in about three minutes, whilst the epicentre
may have been distant from Tokio,

Shock 37 .—DBecause a delicate seismograph at Catania was disturbed
2 minutes 40 seconds before the one at Padua suggests the idea that
these Ttalian records possibly refer to a local disturbance, and not to the
one in Asia Minor. This point has been discussed by Professor M. G.
Agamennone (see ¢ Bollet. A. Soc. 8is. Ttaliana,’ vol. ii,, No. 8).

Shock 35.—This estimate is based upon a most careful and elaborate
analysis of records, none of which, however, were obtained from the

automstic indications of seismographs.

Abnormally Low Velocities.

Shocks & and 23.—We have here two observations for the same shock,
and we find that the photograms obtained at Strassburg and Nicolaiew
were ‘schwach und wenig scharf,’ and for the former there was an
‘unbestimmter anfang,” from which it may be concluded that the com-
mencement of movement at these places was not determined.

Shock 21,—From the Nicolaiew record it appears that the commence-
ment of this disturbance is thus noted : ¢5:02 h. (%) Anfang der Storung.’
The uncertainty here expressed possibly explains the low velocity
recorded.

Shock 16.—Here again there appears to have been difficulty in
determining the commencement of movement, owing to the undefined
character of the photogram.

Shock 25.—This was observed not only at Nicolaiew, but also at
Strassburg, the velocities being 3'72 and 4°2 kms. per second respectively.
Although von Rebeur in his ¢ Horizontalpendel-Beobachtungen,” p. 492,
tells us that these velocities are based upon the observation of the time at
which the first weak movement is visible, from a table on p. 443 they
appear to have been determined from the observation of the instant at
which there was a sudden increase in motion, and are used with other
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observations to determine the mean velocity of propagation, which is that
of the greatest movements,

Shock 3.—Movement in Europe was extremely small, and no record
was obtained at Nicolaiew. Possibly the smallness of the diagram, which
began ¥little by little,’ may have rendered it difficult to make accurate
measurements on the time scale.

The general result of the examination of data which have led to the
determination of velocities which appear to be either too high or too
low, is to find that such data are either imperfect or capable of another
interpretation.

The doubtful cases are placed in circles, and to these, based upon a
long experience in observing earthquake velocities over ranges up to about
1,600 kms., I should be inclined to add Nos. 33, 39, 40, 43, and 42.

If, therefore, we exclude the computations the accuracy of which is doubt-
ful, thegeneral results towards which the continuation of the observations on
the propagation of earth-waves over ranges of varying length point is
approximately indicated in the following table :—

Distance fiom Origin ll | Apparcot Velocity in Kme. per Sec,
In Degrees : In Kms. 1 On Arc Oan Chord
- — I . Yo —— e 1 o

10 ' 2,200 2 to 3 2 to3 j

B0 | 5,500 b 5 |

80 i 8,800 8 75 :
100 ‘ 11,100 i 10 88 K
120 13,200 | 12 ¢ 10 1
160 17,700 | 16 7 166 1

VII. Diurnal Waves. By Joux MILNE, F.R.S.,, I'.(.S.
Obsereations made on the Tennis Ground at Shide Hill House. Installation V.

On September 5, 1896, the horizontal pendulum which had been in
use at Carisbrooke Castle was brought to Shide, where it was installed on
a slate slab resting on an upended earthenware drain-pipe, sunk some
inches in the ground, covered by a jointer’s tent standing in the middle of a
tennis ground. The chief object of this installation wasto study the diurnal
wave, as shown by the movements of a pendulum so placed that for ten or
twenty yards, at least, on all sides of it the surface conditions were fairly
similar. The tennis ground is in the middle of a small paddock which
slopes towards the west. On the eastern side, at a distance of forty
yards, is the building in which instrument T was installed, beyond which
the ground quickly rises to Pan Down. The sun, rising on this side, reached
the tent over the top of some high trees at about 9 a.v., throwing the
shadow of the tent towards the N.W. At about 4 p.x. this shadow, after
travelling through N. to the N.E. was lost, as the sun sank behind Mount
Joy on the west.

The bromide film was run at a rate of about 3} inches in twenty-four
hours, which was sufficiently rapid to give an easily measurable diagram of
the daily movement of the pendulum, the boom of which pointed from its
pedestal towards the south.

On September 13 a heavy tarpaulin (30 x 30 ft.) was sbread over the
grass, immediately up to the tent on its west side. On October 13 this
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was moved to the east side, the object being to see whetlier such a cover-
ing had any effect on the character of the diurnal wave.

The Observations (1896).

1st week (Sept. 8-14).—From the 8th to the 14th daily waves were
marked, but there was such a marked steady displacement towards the
valley on the west that adjustments were required almost daily.

On the 8th and 14th it was fairly fine, but on all the other days there
was much rain and the weather was dull. The westerly motion, or down-
ward tilting towards the saturated valley, was also marked in the records
of T.

2nd week (Sept. 14-21).—DBecause the westerly motion had been so
great the sensibility of the instrument was reduced, with the result that
the daily wave was hardly visible. There was still, however, a westerly
tendency. The weather was dull or fine, but there was no heavy rain.

3rd week (Sept. 21-27) :—

Sept. 21, 15-24 hours slight tremors. Fine. §. wind.
» 22, 18-20 hours slight tremors. Fine. Strong S.W. wind.
s 23. Steady. Fine. Strong 8.W. wind.
» 24, 12-19 hours slight tremors. Fine. W, wind. Rain at night,
» 25, Steady. Strong wind, rain.
s 26. Steady. Rain, but calm.
5 27. Steady. Stormy. S.W. wind.

On the 21st, 22nd, 23rd, and 24th there were slight daily waves, but
after adjustment on the 25th the inovement was barely visible.

It may be inferred that with cloudy weather the daily wave has been
small. The shock shown by T on the 21st is not shown.

4th week (Sept. 28-Oct. 2) —-

Bept. 28. East motion completed 4 P.M. Fine. W. wind.

,» 29, East motion completed 4.45 P M. Rain. 8. wind,

., 30. East motion completed 2:30 to 3.30 p.M. WFine. XN. wind.
Oct. 1. East motion completed 3 30 p.M. Fine. W. wind.

For six hours before the above times the motion was easterly, and for
six hours after it was westerly. In no instance were the waves large.

Two slight disturbances were noted, but these do not agree in time
with displacements observed on T.

bth week (Oct. 2-9) :—

Oct. 2. East motion completed 5 P.M, West motion completed at 10.50 P.M.

On all other days no movement. This was discovered as being due to
a spider, which was caught on Oct. 10.
6th week (Oct. 9-15) :—

Oct. 9. East motion completed 3.13 P31, and west at 9 P.M. Amp 9mm.
Fine. W. wind,

» 10. East motion completed -4 .3, Amp. 3mm. Fine, 8. breeze.

» 11. Norecord. Dull. N. wind.

,» 12, East motion completed 6 .M, and west at 18hrs. Amp. 3mm,
N. breeze, Dull.

,» 13. Record bad. A large tarpaulin placed on ground on west side of
tent. Fine. N. wind.

» 14, East motion completed about noon. Wave small. Fine. N.K.
wind.

. 15, Bast motion completed 3 P.Ar, and west at 6.50 P.M. Amp. 6mm.
Little rain. Dull, 8. wind.

1897, X
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We have here a case {on Oct. 15), where there has been a fairly large
wave on a dull day, and a small one (Oct. 10) on a fine day.
Very small tremors were seen on the following days :—

Oct. 9. 5 to 9 hours,
» 14, Ttold
» 15, 4to7 , andagain 11 to 22 hours.

Three displacements were recorded which do not agree in time to
those noted by T.
Tth week (Oct. 16-22) :—

Qct. 16, Very slight wave. Dull. Strong N. wind.

» 17. Rast motion completed 2h., and west at 6 p.M. Amp. Smm,
Fine. N. wind.

» 18. East motion completed 3h., and west at 10 Py,  Amp. l14mm.
Fine. N.W. wind.

. 19 to20. Practically straight; possibly held fast.

The diurnal waves were marked on fine days.
Slight tremors were only observed on the 16th, O to 14 hours. There
was one strong deflection on the 16th, which is not shown on T.

8th week (Oct. 23-30) +—

Oct. 23. East motion completed 2h. 30m., and west about 8 P.M. Amp,
11mm. ¥ine. XN. wind.

» 24, East motion completed lh., and west about 12 p.M. Flat, Rain,
8. W, wind.

» 26. FEast motion completed 3h. 30m. F¥ine. N. wind.

5 26, No record.

» 27. East motion completed 2h, 30m., and west about 8 P.M. Amp,
14mm: Fine. W. wind.

» 28, East motion completed 4h.,, and west about 9 P.M. Amp. 10mm.
Fine. W. wind,

» 29, East motion completed 3h., and west about 7 r.M. Amp. 10mm.
Fog. Calm.

It is difficult to say when the west motion is completed. The sharp
motion eastwards is from about 8 A.M. to 3 p.M,, and westwards 3 r.L to
8 p.M. Decided waves have been with fine weather, when cloudy and
wet, waves have been absent.

Slight tremors were observed as follows :—

Qct. 23. 3 to T hours and 18 to 21 hours.

. 24, 11to21
. 25, B8told |,
., 27. B3to 8

. 28 4to B ..
» 2. 3to B

Tremors, therefore, occurred at night, and whilst there was a rapid
westerly displacement. Moderately marked displacements took place on
the 23rd to 24th, which are not shown by T.

9th week (Oct. 30-Nov. 6.) :—

Oct. 30. No record. Moved tarpaulin to the east side of tent.
» 31. East motion 10 AM. to 2.30 .M., west motion 2.30 ».31. to 6.30 P.M,
Amp. 8 mm., Fire, N. wind.
Nov. 1. East motion I AM. to 3.0 P.M., west motion 3 to 8§ P.M. Wave
small. Dull, N.E. wind.
2. No record.
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Nov. 3. East motion 5§ A.M. to 2.30 P.M., west motion 2.30 P.M. to 6 P.M.
Amp. 4 mm. Dull. N, wind.

4. East motion 10 A.M. to 3 P.M., west motion 8 P.M. to 7.30 P.M.
Amp, § mm, Fine, N. wind,

5. East motion 8.30 A.M, to 3 P.M., west motion 3 P.M. to midnight,
Amp, 10 mm. Fine. K. wind.

The greatest movements have been on the fine days.

Tremors were observed on October 30, 3 to 17 hours, of 2 mm. range,
and slight tremors on October 31 and November 4,

Three displacements were noted which do not agree with the records
of T, but the earthquakes Nos. 55 and 59 shown by T were well recorded.

10¢h week (Nov. 6-13.) :—

Nov. 6. East motion from before noon to 2.30 p.uM., west motion 2.30 to

8 PM, Amp. Tmm. Fine, N. wind.

» 7. East motion 6.30 A.M. to 3.0 P.M.,, west motion 3 to 6 P.M. Amp.
1 mm. Fog, frost. '

» 8. No wave, but westerly displacement midnight to 7 Am.  Rain.
N. wind,

» 9. REast motion from before noon to 2.45 p.M., west motion 2.45 to
§ P.M. Amp. Tmm. Kine. N. wind.

» 10. FEast motion 9 AM. to 3.30 P31, west motion 3.30 to 7 P.M. Amp.
6 mm. Fine. Calm.

. 11. East motion from before noon to 2 p.M., west motion 2 to 8 .M.
Amp. I mm. Dull. W. wind.

» 12. East motion 9 A.M. to 8 P.M., west motion 3 to 6 P.31. Amp. 8 mm,
Dull. 8. wind. Afterwards fine,

The diurnal wave is evidently pronounced on fine days, and small or
absent when it has been rainy, cloudy, or dull.
Tremors were noted as follows :—

Nov. 6. 4to 12 hours. Slight.

o 7. 7to22 ,,  Maxima of 2 mm., at 19 hours.
s 9. 4tol2 . 1 mm. at 06 hours,
" 10. 6toll " " 1 "
, 11. 18t020 " 5 .
s 12, 4t013 ’ 1,

Six small displacements were noted, which do not agree with the records

of T.
The Diurnal Wave.

Figure 16 shows half-size tracings of daily waves taken from the origi-
nal photograms. Angular values for these waves may be approximately
obtained by assuming that 1 mm. deflection corresponds to a change
in inclination of 0-5 sec. of arec. Should accurate measurements of these
quantities be required, they can be obtained from my note-books.

Days on which the diurnal wave was very small have been omitted.
The curves which are given clearly show that the daily deflection is
variable in amount ; but whether the ground around the tent was open, or
covered by a tarpaulin on the west side or on the east side, the times at
which the pendulum coramenced, completed, and ended its sharper
movements are practically the same. If we commence in the morning,
the direction of movement of the pendulum from a north-south line.
or its normal position, was such that it tended to approach a position that
would place its boom in a line with the sun and the shadow of the tent.

That is to say, it swung towards the east, but it coutinued this motion
N2
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Fra. 16.—Diurnal Waves at Shide,
1896,
6AM. NOON. 9PM. /]
i__’-<r .

________

.

J

until the sun had passed the meridian,
or until 2 or 3 p.M. Then it returned,
following the sun until 7 or 9 p.M.

The text accompanying these dia-
grams shows that the movements are
practically confined to fine days, from
which it may be concluded that the
effect is connected with solar radiation.

In previous reports I have suggested
that it might be produced by the differ-
ence in load removed by evaporation on
two sides of an installation, such loads
from a surface of grass baing represented
by the removal of 4 or 51b. per square
yard per day.

The experiment with the tarpaulin-
cover placed first on one side of the
tent and then on the other, which failed
to produce any marked effect on the
character of the diurnal motion, indi-

| cates not only that this is practically

uninfluenced by differential evaporation
effects, but also by the heat received

| by the ground on two sides of an in-
4 stallation, these effects being local.

We therefore have to look to the in-
strument, the pier on which it stands,
or external effects on a widespread
area. The fact that the diurnal wave is
marked on a brick piler rising from a
solid foundation in the middle of a
brick building shaded by trees,! and
also in cellars, in both of which places
the changes in temperature have been
small, indicates that the movements

| are not to be accounted for by warp-

ings on the pier or portions of the in-
strument.

The fact that strong and steady
westerly deflections corresponding to
an increase on the slope of the hill on
which T and V stood accompany wet
weather, and that reverse movements
follow fine weather, indicates that a
load in the valley apparently causes
this to sink, whilst during the removal
of such a load it apparently rises. It
seems natural to conclude that the
diurnal waves are movements with a
similar origin. On hot days the valley
loses moisture, and therefore it rises,

! British Association Report, 1896, p. 213.
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and the pendulum travels eastwards, whilst at night moisture is accumu-
lated, and it sinks.!

VIII. The Perry Tromometer. By JouN MILNE, F.R.S., F.G'S.

A Perry Tromometer, similar to that described in the Report of this
Committee for 1896, with photographic recording apparatus, has been
constructed, and for some days installed at Shide.” Its sensitiveness to
elastic tremors was such that it recorded trains moving at a distance of
over half a mile, carriages at a distance of a quarter of a mile; and all
vehicles passing along a road near to the building in which it was placed.
For these reasons it was dismantled, but it may be again used when a site
free from the above-mentioned artificial disturbances, to which may be
added the sound-waves from heavy guns fired at a distance of five or six
miles, can be found.

In conclusion to the preceding sections of the Report the fact that the
records of earthquakes and other movements have been continuous has
been in consequence of the great interest taken in the observations by my
assistant, Shinobu Hirota, who not only understands the working of the
instruments in all their details, but has from time to time shown con-
siderable ingenuity in devising and constructing new pieces of apparatus.

IX. Sub-oceamic Changes. By Joux MiNe, F.R.S., I.G.S.

The object of the following notes, which are an epitome of a paper to
be communicated to the Royal Geographical Society of London, is to show
that beneath seas and oceans there are a certain class of geological changes
in operation which are more frequent, and often more intense, than
corresponding changes on land.

The sites of these changes are to be found below low-water mark at
comparatively shallow depths on submerged plateaus surrounding conti-
nents and islands, and on the face, and especially near to the base of the
steeper slopes of continental domes, and around submarine banks at
depths which may even reach 4,000 fathoms. On the level floor of
oceans, where sediments accumulate with immeasurable slowness, and
-where for years and years ocean cables lie undisturbed, geological changes
are, so far as a lifetime is concerned, not recognisable.

The submarine operations to which it is particularly desired to draw
attention are those which are seismic and voleanic, the former at least
often being accompanied by the displacement as a landslide of such
enormous volumes of material that the whole surface of an ocean may be
agitated. Evidences that such displacements have had a reality is to be
found in the conditions under which cables have been buried, and in the
marked change in soundings near to spots where seismic efforts have been
exerted.

Other causes leading to displacement of materials on the face and
near to the base of submerged slopes are overloading by sedimentation,
erosion, the escape of water from submarine springs, and the effects of
currents.

The various sub-oceanic phenomena to which it is particularly desired
to call attention will be treated in the following order :—

1. Bradyseismic action.—Because earthquakes originating beneath
! British Association Report, 1895, pp. 133-139.
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the sea are more numerous and more intense than those originating on
land, the inference is that bradyseismic activity and -phenomena which
accompany earthquakes, like landslides, are also more pronounced beneath
the sea than they are on land.

Bradyseismical movements include movements of upheaval or depres-
sion, by which rocks are bent, folded, faulted, or displaced, by thrust, together
with those which are the result of overloading, and may be exhibited as basal
crush. Omne set of movements involve the idea of elastic and seismic
strain, whilst the others a gravitational effect.

2. Sedimentation and erosion.—Submarine landslides which in paré
are due to earthquakes.

The effects of overloading, submarine springs and currents.

3. Changes evidenced by cable interruptions and soundings.

4. Conclusions.

1. Bradyseismic Action,

Earthquakes the Origin of which are Submarine.—The earthquakes
which have a submarine origin may be divided into three groups :—-

1. Those which have been felt and recorded on land, and which,
therefore, may be assumed, in the generality of cases, to have originated
on a eoast-line or within a few hundred miles off in the ocean.

2. Those which have been recorded on shipboard out at sea, cither as
tremors or as severe movements. Many of these disturbances are
probably volcauic.

3. Those which have not been felt on land, but have been distinctly
recorded there. In this group we find many of the earthquakes which
shake the world.

As illustrative of the frequency of the first gronp, I will quote from
observations made in Japan.! Between 1881 and 1883 in North Japan
the writer found that, out of 419 shocks, no less than 218 of them had
originated beneath the ocean. There had been 137 which had originated
on or near the seaboard, and therefore some of these had been of sub-
oceanic origin, whilst only 64 had originated inland. A large number of
these earthquakes came from the deep water off the mouth of the Tonegawa,
the largest river in Japan, which, as it approaches the sea, crosses the
alluvial plain of Musashi.

Between 1885 and 1892 no less than 8,331 earthquakes were recorded
in Japan—that is, on the average during this period of eight years there
were about one thousand shocks per year.? A glance at the map showing
the distribution of origins of these disturbances shows that nearly all of
them have originated along the eastern seaboard, and have been frequent
near the alluvial plains. Between January 1885 and December 1888,
when seismic activity was in a normal state—that is to say, when there
were no long series of after-shocks—2,018 earthquakes were recorded, of
which at least 1,034, or 50 per cent., originated beneath the sea. In
Japan, therefore, along a coast-line of 1,140 miles, there has recently
been at least about 250 submarine shocks per year. In some years there
have been 500,

From a seismic map of the world, I should estimate that round the

! On 387 Earthquakes observed during Two Years in North Japan,’ by John
Milne, Trans. Seis. Seo., vol. vii, pt. ii.
2 Trans. Seis. Soc., vol. xx.
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Pacific there are at least ten sub-littoral districts where earthquake
frequency may be about half that of Japan. If this is accepted as
probable, the sub-littoral seismic activity of the Pacific is represented
by 2,500 shocks per year, some of which have been accompanied by
submarine landslips and consequent changes in the configuration of the
ocean bed. When these latter are great, it is assumed that ocean-waves
are created. If we consider the seismic activity round the coasts of the
other oceans and seas which cover our globe as being, when taken
together, equal to that of the Pacific, then for the world, out of a possible
10,000 shocks per year, 5,000 of them have their origin on the sub-oceanic
continental slopes.

To get information about the second group, or earthquakes which
have originated far from land, we have to turn to the voluminous
catalogues of Perrey, Mallet, Kluge, di Ballore, Fuchs, and other statis-
ticlans. Such extracts have been made by Dr. Emil Rudolph in his
papers, ‘Ueber Submarine Erdbeben und Eruptionen,’! who gives us an
account of 333 sub-oceanic earthquakes and eruptions. Because the
greater number of these shocks are of voleanic origin, they will be more
specifically referred to in the next section. The distribution of these is
various, but here and there they herd together, indicating localities where
changes are comparatively rapid. One favourite locality for submarine
disturbances is in the Equatorial Atlantic, about 20° W. long., and again
at 30° W. long., near to St. Paul's. For each of these regions Dr.
Rudolph gives about thirty-seven shocks, in depths of water exceeding
1,000 and 2,000 fathoms.

The chief source of information for our last group is, however, derived
from the records of horizontal pendulums. Taking a list of them published
in the ‘Transactions of the Seismological Society,” vol. xx., by the late
Dr. E. von Rebeur-Paschwitz, out of 301 records obtained in twenty-
seven months, there are only 25 which can with certainty be traced to
their origin. Out of the 176 which remain, 105 were almost simul-
taneously recorded at places so widely separated as Potsdam, Wilhelms-
baven, Strassburg, Nicolaiew, and Tokio, and therefore cannot be disposed
of as being due to some accidental disturbance of an instrument or to
small shocks of local origin. Each of them was a disturbance affecting a
very large area, and indicates an initial impulse of great magnitude.
What is true for the observations in Europe has also been true for my
own observations in Japan, and also in the Isle of Wight, the only
difference being that in Europe the stations were from 300 to 600 miles
apart, whilst in Japan and the Isle of Wight the stations were usually
near to each other, and never more than 30 miles apart. In some
instances, however, earthquakes of unknown origins were recorded in
Japan and Europe, and it is fair to assume that in these instances the
whole world had been shaken.

One disturbance noted by the author in Japan on June 3, 1893, had a
duration of five and a half hours. It was slso recorded in Birmingham,
Strassburg, and Nicolaiew, at which latter place the duration of motion
extended over eleven hours. Amongst unfelt earthquakes, both for magni-
tude and duration, it exceeded all that have yet been recorded.

Because the character of the unfelt movements, the origin of which
cannot be traced, is identical with the character of those which have been

! Beitrige sur Geophysik, Band 1. and 11.
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traced to earthquakes originating at great distances, it is, for the present
at least, assumed that the cause of the former is similar to the cause of
the latter. If this is the case, the only place towards which we can turn
to find the origin of the former appears to be beneath our oceans, and
when they are of 2 magnitude approaching that of June 3 their origins
must have been very far from land, otherwise a sensible shaking would
have been observed upon the nearest shores.

If we take the three classes of records to which we have referred in
conjunction, the conclusion to which they point is not simply that the
submarine evidences of seismicity are more numerous than those on land,
but also that they are very much more intense.

The Character of Submarine Seismic Destricts.—If we compare
together the characters of the districts where earthquakes of submarine
origin are frequent with those where they are practically unknown, the
differences are striking. In the former the land, as shown on the seaboard,
usually consists of strata which are geologically new ; it exhibits evidences
of recent elevation, some of which can be traced to historical times, whilst
its average slope from the mountains in the interior down benecath the
ocean is, over a considerable distance, relatively very steep.! The unit of
distance over which such slopes have been measured is taken at 2° or
120 geographical miles. The following are a few examples of such slopes :—

West Coast, South America, near Aconcagua . 1in 202

The Kurils from Urap . . . . . , lin 2‘2-1] Beismic
Japan, west coast of Nippon R . . 1in 304 | districts.
Sandwich Islands northwards . . . . 1in 235 J

Anstralia generally . . . . . . 1ind

Scotland from Ben Nevis . . . . . 1in 158 | Non-seismic
South Norway . . . . . . . 1in 73 [ districts.
South America, eastwards . . . . . 1in 943

The conclusion derived from this is, that if we find slopes of con-
siderable length extending downwards beneath the ocean steeper than 1 in
35, at such places submarine earthquakes, with their accompanying land-
slips, may be expected. On the summit of these slopes, whether they
terminate in a plateau or as a range of mountains, volcanic action is
frequent, whilst the earthquakes originate on the lower portions of the
face and base of these declivities.

The Cause of Seismic Strain, Deformation, Thrust, and Crush.-—We
assume that the contours referred to in the last section are mainly the
result of rock-movement, and that seismic strain, due to a tendency to
further adjustment, is greatest where earthqualke origins are most frequent.
The home of the volcano is evidently the place where the rocks have been
most deformed, whilst that of the earthquake is at the base of steep sub-
oceanic slopes where most deformation is in progress. The nature of the
forces in operation producing this deformation is twofold. First, there
is the horizontal thrust, so strongly emphasised by Lapworth, which may
or may not tend to increase the height of the mountain ranges bounding
its line of action ; and, secondly, a factor dependent on gravity, which,
acting on the side of subaérial and marine denudations, tends to lower
them. Earthquakes are for thc most part spasmodic accelerations in
processes with these characters.

! See ‘ Note upon the Geographical Distribution of Voleanoes,’ by J. Milne, Geol.

Mag,, April 1880. Also address to the Geological Section of the British Association,
in 1892, by Professor C. Lapworth, LL.D., F.R.S,
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The distortions observed in fossils and pebbles, the difference in
thickness of contorted strata, and the ‘creep’in coal-mines, all indicate
that great pressures may set up movements in stratified materials corre-
sponding to a flow. Mr. William Barlow, in a paper on the °Horizontal
Moverments in Rocks,’ ! as evidence of this, calls attention to the contor-
tions and foldings observed in glacial drift produced by a load above, the
dip seen on the face of the Grand Caifion of Colorado, and the slight eleva-
tion observed in the area surrounded by cliffs known as the ‘San Rafael
Swell.” These and other appearances may be regarded as instances of
‘creep’ upon a large scale, when materials have been squeezed out from
beneath superincumbent strata.

In studying bradyseismical movement we usually take cognisance of
that which is most apparent. This is the vertical component of a dis-
placement, whilst the horizontal movement may be entirely overlooked.
The geotectonic structure of many countries, however, shows us that dis-
placements by horizontal thrust have taken place on an enormous scale,
and it is not unlikely that these forces, accelerated by the effects of crush,
are yet in operation round the basal contours of continental areas. Sub-
oceanic earthquakes are therefore announcements that sub-oceanic brady-
seismic action is in progress, and because these disturbances are more
numerous round the submerged frontiers of continental domes and in mid-
ocean than they are on land, it may be concluded that the distortions and
displacements due to bending, thrust, and crush are greater beneath the
sea than they are upon continents and islands.

Earthquakes and Landslides—In addition to these bradyseismical
effects, which only produce appreciable changes in sub-oceanic contour
after the lapse of long intervals of time, there are the effects which accom-
pany the actual shaking, which we may assume are not far different from
those cffects which we see produced by earthquakes originating on land.
Many earthquakes which we feel, although they may create alarm and
shatter chimneys, do not produce any effect upon rocks and cliffs. This,
however, does not preclude the idea that shakings of equal intensity would
not produce effects upon submarine slopes, where, as compared with similar
slopes on land, critical conditions may more nearly approach in character
to the mechanism of the hair trigger. Severe earthquakes on land are
almost always accompanied by great landslides, and mountains which may
for ages have been green with forest growth by the sliding away of
materials cn their sides suddenly present the appearance of having been
whitewashed. The probable effect of similar shakings originating beneath
the ocean in the vicinity of steep siopes needs no explanation.

Another effect which sometimes accompanies these disturbances, and
which may have been their cause, is the creation of a fault 50 or 150
miles in length, by which the country on one side of this, relatively to
that on the other, has been suddenly raised or lowered 20 to 30 feet.
Earthquakes of this nature, if of submarine origin, would naturally
produce similar effects over large areas, and, if the magnitude of the
displaced materials, whether by landslides or faulting, were large, as com-
pared with the depth of the superincumbent waters, would also give rise
to sea-waves.

One of the most recent examples of effects of this description was that
which occurred on June 15, 1896, off the north-east coast of Japan. On

v Quart, Journ. Geol. Soc., November 1888.
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the evening of that day a submarine earthquake occurred in this locality
which was recorded in the Isle of Wight ; and, from the magnitude of the
diagrams, it may be assumed that the world was shaken from pole to pole.
Following this shaking, great sea-waves spread over the North Pacific
Ocean. The explanatmn of these phenomena is that the earthquake was
produced by fracture of the rocks, not at a point, but over a considerable
length, which movement, being accompanied by the displacement of huge
masses of material, gave rise to the sea-waves. The sub-oceanic contour of
this locality, where the depth of the water increases at the rate of 1,000
fathoms in 25 miles until the 4,000-fathom line of the Tuscarora Deep is
reached, lends itself to this supposition. The only difficulty we experience
is to estimate the volume of the material which must have been more or
less suddenly displaced at these great depths to have produced so great a
disturbance on the surface of the ocean. It is not likely that it was less
than that of the greatest landslide of which we have historical record as
having occurred upon the surface of the earth.

The data we have for calculating the position of the origin of these
great disturbances are numerous and exact. Our knowledge of the dissi-
pation of earthquake energy, as represented by its destructivity as it
radiates, indicates that an earthquake which dislodged sufficient material
to disturb the whole of the North Pacific Ocean must, at the very least,
have originated 100 miles away from Miyako, on the north-east coast of
Nippon, at which places a few houses were shattered.

The calculations to be found on p. 157, strangely enough, bring us
exactly to the base of the western boundary of the Tuscarora Deep, above
which there are 4,000 fathoms of water. This is a place from which many
eartliquakes have originated, affording evidences, particularly in this
instance, of sudden sub-oceanic changes along the basal frontier of a
continent the magnitude of whiech it is difficult to estimate.

Submarine Volcanic Aection.—If highly heated rocks saturated with
water were the only condition necessary for a display of volcanic action,
such activities might be as marked in ocean basins as round their margins.
The geological distribution of volcanoes, however, shows that before a
volcanic magma can expend and find exit on the surfa.ce, the pressure due
to superincumbent strata must be relieved, which is apparently obtained
when they are sufficiently crumpled upwards to form mountain ridges.
If, therefore, we seek for volcanic action beneath the sea, we may expect
to find the same along submarine ridges, and if we discover the same, as
we do along the central ridge of the Atlantic, the conclusion is that along
such a ridge an upward bradyseismical movement is in progress, and not
far from the region of eruptions there should be a region of earthquakes.

In certain instances, apparently, as is the case with the Aleutians and
the Kurils, so many eruptions have taken place along a submarine ridge
that a continuous and almost connected chain of islands has been formed.
On the flanks of the most southern of the latter group recent marine
strata have been raised, which, taken in conjunction with the fact that
hardly a year passes without some new eruption being noted, whilst sub-
marine shocks of earthquakes are frequent, indicates that Japan may in
time become connected with Kamschatka.

Any attempt to enumerate the various submarine ridges of veleanic
activity at present evidenced by these outerops would be beyond the scope
of the present paper. One curious form of evidence, indicating the exist-
ence of volcanic activity entirely hidden in ocean depths, is referred to by
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Mr. W. G. Forster, in his paper on ¢ Earthquake Origin,’! from which we
learn that cables have, after their interruptions, been recovered from
which the gutta-percha had been melted—probably by water at a high
temperature. The cables referred to are near the Lipari Islands and
between Java and Australia.

Some idea of the frequency of earthquakes and voleanic shocks origin-
ating in the ocean may be obtained from a paper by Dr. Emil Rudolph.?
From his descriptions, which are derived from the catalogues of Perrey,
Mallet, the archives of the London Meteorological Office, &c., the follow-
ing table has been drawn up :—

North Atlantic, 1724-1886 . . . . . 28 disturbances.
Arores, 18431884 . . . . . . 20 1
Qape Verde Islands, 1854-1883 . . 4 ”
St. Paul’s, 18451886 . . . . . 22 .
Equatorial Atlantic, 1747-1878 . . . . 43 »
West Indies, Leeward Islands, 1839-1886 . .17 »
South Atlantie, 1616-1875 . . . . . 10 .
West Mediterranean, 1724-1865 . . . .11 .
East Mediterranean, 1820-1886 . . . . 20 »
Gulf of Mexico and Caribbean Sea, 1751-1884 . 17 s
Indian Ocean, 1818-1883 . . . . . 28 »
North Pacific, east side, 1790-1885 . . . 22 »
South Pacific, east side, 1687-1885 . . . 47 ”
North Pacific, west side, 1773-1681 . . . 14 "
South Pacific, west side, 1643-1885 . . . 10 - n
East Indian Archipelago, 1796-1883 . . . 20 ”
Total . . 333

The records generally are more frequent as we approach modern times,
and, to some extent, for those seas and oceans where there have been the
greatest number of observers. Dr. Rudolph regards all his records as
referring to shocks of voleanic origin, and, if they agree with his definition
of Seebeben, which are shakings originating in the ocean and propagated
as elastic waves, we concur in his views.

2. Sedimentation and Erosion,

This section of the paper is a consideration of conditions which lead to
the formation of sub-oceanic surfaces of instability which may yield by the
continuation of the operations by which they are produced, or by seismic
or volcanic actions.

The first fact to be noticed is that the materials resulting from marine
denudation round coast-lines and subaérial denudation of continental
areas are almost entirely deposited in the ocean, upon an area which is
relatively small as compared with that from which they were derived, and
therefore the rate of growth on littoral areas per superficial unit is on the
average greater than the rate of loss similarly estimated on continents.
We know from soundings that the materials derived from land are not
always deposited to form a gently sloping submarine plain, but often to
form surfaces with steep slopes. Thus, for example, the line of the Congo
continued seawards is represented by a gully the sides of which have
apparently been built up as a submarine levde. Materials thus accumu-
lated under the influence of gravity and hydrodynamic action apparently

! Trans, Seis. Soc., vol. xv. p, 73. * See p. 183.
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result in contours which have reached limits of stability ready to yield as
more materials accumulate, by facial slidings, by overloading, by changes
in currents, by seismic action, and in other ways.

Forms of Stability.—On land we have many illustrations of natural
curves of stability, A volcano mainly consisting of lapilli which have
accumulated round a central orifice has a form dependent upon the
density and strength as represented by resistance to crushing of its com-
ponent materials. To increase the height of such a mountain, it would be
necessary to increase the area of its base. The upper portion of Mount
Fuji has a slope of 30°, but as we proceed downwards the slope becomes
less and less until at last it is asymptotic to the plain from which it rises.
"The average slope of this voleano is 15°,

If, therefore, on the face of a bank formed by the accumulation. of
sediments, soundings, taken at points separated by one or more miles,
indicate a certain .inclination, it may be inferred that the steepest slope
may possibly greatly exceed the quantity thus determined.

The only experiments bearing upon slopes of stability formed beneath
water with which the writer is acquainted are a few made by himself.
These experiments, which were made with sand and carried out in various
manners, pointed to the following general results : —

1. Sediments deposited under the influence of currents accumulate in
slightly flatter forms than those of similar materials built up on land.

2. Peaks, edges and corners of loose materials which may be fairly
stable on land are beneath water, even when it is still, quite unscable, and
quickly become rounded.

3. A mound or bank when thus rounded is very stable even under the
influence of strong currents, but the unstable form may be quickly repro-
duced by the accumulation of new sediments.

The conclusions then are, first, if we find beneath water very short
slopes of detrital materials, if they are 2° or 3° less than the angle at
which similar materials are self-supporting on land, they have reached a
limit of stability ; and, secondly, average slopes over distances of one or
more miles indicate the existence of much steeper slopes over shorter
lengths.

Causes resulting in the Yielding of Submarine Banks—Because it is
not likely that submarine earthquakes the movements of which are felt
round the world are the result of volcanic action whenever these are
accompanied by sea-waves, it may be inferred that the latter have been
produced by the dislodgment of vast masses of material from the faces of
steep slopes. Illustrations of such changes will be given in the next
section.

That intermittent facial sliding takes place on steep slopes during the
accumulation of new materials is rendered likely by what we observe
taking place on the faces of a mound of sand, submerged beneath water, as
it grows upwards as an accumulation from a fine stream of sand descending
from above.

Basal crush with horizontal displacement would only be expected to
«oceur around the lower edges of slopes of great height ; and as it is hardly
reasonable to suppose that such slopes owe their form simply to the
accumulation of sedimentary deposits, then the frequent origin of
-carthquakes in such localities indicates that the primary cause of crush or
thrust is the result of yielding in rocky masses rather than that of
detritus. When speaking of cable-interruptions it will be seen that some
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of these have been attributed to the displacement of materials which have
been loosened by the submarine escape of fresh water. Examples of
springs of fresh water in bays and along coast-lines are numerous, whilst
there is abundant evidence of the absorption of rainfall and even of rivers
on continental areas, which in some instances it is suspected find an exit
in the sea bottom. Granted theexistence of sub-oceanic springs, we see in
them at and near their exits a possible cause by which deposits may
be loosened and landslips take place. Under certain conditions such
dislocations might be expected to be periodical, following, for example,
the rainy seasons. Ocean currents which fluctuate in direction and
intensity, together with those of temporary character produced by the
backing up of water during gales in bays, estuaries, and coasts, may alsa
disturb the isostasy of submarine materials.

For details of these and other operations producing sub-oceanic change
reference must be made to the writer’s original paper.

3. Calble Fraclure.

The facé that, on the level plains of ocean beds, cables lie for years
and years without disturbance is another testimony to the facts brought
together by geologists to show that the flat plains of ocean beds are regions
where there is but little change. Ihirectly, however, we approach sub-
oceanic banks or the margins of continental slopes, although the
depths may be abysmal, the fact that cables after interruption
have to be broken away from beneath materials which hold them
fast, indicates that regions of dislocation have been reached, and
what is true for these great depths is also true for localities nearer
land. Sometimes cables are bent and twisted, sometimes they are crushed.
Now and again sections are recovered which, from the growth of shells
and coral on all sides, show that they have been suspended. Others show
that fracture has apparently been the result of abrasions, whilst the ends
of wires, one of which is concave and the other convex, slightly drawn
out, indicate that yielding has been the result of tension. Needle-pointed
ends suggest electrolytic action ;! but, although cable-interruption may
occur in these and other ways, the explanation which best accords with
the observations made during cable-recovery generally are those which
attribute their dislocation to'sudden displacement of the bed in which
they are laid, or to their burial by the sliding down of materials from
some neighbouring slope.

Sometimes it will be seen that earthquake movement and cable
fracture have been simultaneous, whilst many instances will be given
where an interruption has occurred at about the same time that an unfelt
movement has been recorded on land. These latter records, which in the
lists are marked with an asterisk, are unfortunately not numerous, and
only refer to days between the following dates :—

1. Observations at Potsdam, Wilhelmshaven, Strassburg, Nicolaiew, Teneriffe, and
in Japan. These, which include many of the writer’s observations, are published in
¢ Beitriige zur Geophysik,’ Band II., by Dr, E. von Hebeur-Paschwitz, March 27 to
October 5, 1884 ; January 4 to April 27, 1891; February 23, 1892, to August 31,
1893,

2. Observations at Charkow by Prof. G. Lewitzky, August 4, 1893, to October
1804,

! This may be due to electrolytic action between the zinc and iron of the
sheathing wires, or to the cable having rested on a mineral deposit,
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3. Observations by Prof. G. Vicentini, at Padua, February 1 to August 29, 1895.
4. Catalogues of Prof. P. Tacchini, January 1895 to October 16, 1896,
5. Observations at Shide, Isle of Wight, by John Milne, August 19, 1895, to May

1897,

Fracture of Cables in Deep Oceans.
The times of earthquakes are given in G.M.T. astronomical time. Noon =24 hours,

HNorth Atlantic.—Through the kindness of an engineer, whose experi-
ence in the laying and repairing of cables has extended over many years,
I am enabled to give the dates at which various cables have become
ruptured, or been restored to working order. The only case of alteration
in depth which he noticed was during the repairs of November 1884, but
this was not great. It seemed as if the picked-up cable had to be pulled
from under a bank of earth which had slipped down from the eastern

slope of the Newfoundland Bank.
The following is.a table of North Atlantic cable-interruptions :—

North-castern Slope of Flemish Cap.—(37° W. to 44° W. long.) July 1894 (about);
June 1888 (about); September 1889; September 1881; June 10, 1894*; July 28,
4,40 AM,, 1885; April 18, 8 p.M., 1885; July 25, 8 A.M., 1887 ; June 1895.

Near Seuth-castern Slope of the Newfoundland Banikt—(46° W. and 50° W. long.)
September 1887 (about); October 3, 9.15 p.m., 1884; October 4, 4.8 A.m,, 1884

October 4, 4 and 8 A M., 1884 ; September 1889.
An unfelt earthquake was recorded, June 11, 7h. 22m., 1894, very strong at

Charkow.

A striking feature connected with these Atlantic troubles is that
nearly all have occurred in deep water near to the base of the eastern
slope of the Flemish Cap, 330 miles from St. John's, Newfoundland, or
the south-eastern slope of the Newfoundland Bank. Off the Flemish Cap
in Jat, 49° N, and long. 43° E. there is a slope, in a distance of 60 miles,
from a depth of 708 fathoms to 2,400 fathoms, or 1 in 35. Another
slope, over a distance of 30 miles, is from 275 to 1,946 fathoms,or 1 in 17.
Off the eastern side of the Newfoundland Bank, in a distance of 25 miles,
the depth changes from 27 to 1,300 fathoms, indicating a slope of 1 in 19,

These slopes are all well within the limits at which from time to time
yielding, due to bradyseismical thrust or secular crush, should be expected ;
and the further a cable can he kept away from the scene of such action, if
we may judge from experience, the longer will be its life.

In one case only has the cause of failure been attributed to & land-
slide, which it is just possible was caused by, or accompanied with, seismic
phenomena. A very significant fact is the case when three cables running
in parallel lines about 10 miles apart broke, at points nearly opposite to
<each other, on the same straight lines. This was on October 4, 1884,
At first the accidents were attributed to the grapnel of a cable vessel, but
as no grappling was done then this hypothesis had to be abandoned.
Because three cables broke apparently at the same time in the same
locality, one inference is, that the cause resulting in rupture was common
to all, and this may have been a sudden change in the configuration of the
ocean bed. Such a change does not necessitate any alteration in depth,
such as could be detected by sounding, but either a landslip along a line
of considerable length or simply a line of fracture like that which was
suddenly formed along the Neo valley in Japan in 1891.

When, on the American and English coasts, types of seismometers
which will record the unfelt movements of the earth’s crust bave been
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established, it seems likely that the cause of cable interruptions may be
better understood. Because the fifteen repairs indicated in the previous
table possibly cost half a million sterling, the advisability of localising
areas that should be avoided, and that we should be able to attribute
effects to their real cause, are ev1dently desiderata of great importance.

St. Lowis— Fernando Noronha.—From a paper read at the Institution of Electrical
Engineers by Mr. H. Benest, A.}M.Inst.C.E,, ¢ On some repalrs to the Soutk American
Company’s cables off Cape Verde in 1893 and 1895,” it scems that the St. Louis—
Fernando Noronha cable has been twice broken. The first break occurred on
December 26, 1892, about 130 miles from S5t. Louis du Sénégal, in a depth of 1,220
fathoms, at the time of a heavygale. The tape covering for 140 fathoms was rubbed
bare to the sheathing wires, but on one side only. The sheathing wires at the break
were drawn out as if they had been broken in a testing-machine. The Fernando side
of the break also showed the effects of rubbing, and the character of the fracture
was similar to the other end. In picking up these two ends there was at first a strain
in one case not excecding 26 tons, and the other of 4 tons; but as the ends were
approached this rose to abont 6 tons, when the cable evidently cleared itself from
some obstruction, and came easily on board.

Although we have here evidence of what may possibly have been a
submarine landshp, I am not aware that at that time any disturbance was
noted in Europe.

The second date is March 10, 1895. Here, again, great difficulty was
experienced in breaking out the cable from beneath the mud, detritus, or
whatever the materials were that had covered it. The position of this
break was about 20 miles south-west from that of 1893.

On March 5, at 22 hours G.M.T., a very large unfelt disturbance was
recorded in Europe, and one of moderate intensity at several places in
Italy on May 10, at 10.4 p.y.

Mr. Benest holds the opinion that these fractures are connected with
submarine river outlets and gully formations in the ocean beds. The
gradients in the vicinity of the fractures vary from 1 in 34 (1° 30’) to
lin 7 (8°).

Pernambuco— Cape Verde.—To the north-west of St. Paul's (lat. 2° 41’ 46" N,
and long, 30° 29" 15" W.), which is a volcanic centre, two cables broke simul-
taneously in a depth of 1,675 fathoms, indicating that the rupture was due to =a
widespread cause, This was on SBeptember 21, 1883. Here, in the deep ocean, this
was the only failure in nineteen years,

Madras—Penang and Aden—Bombay.—These interruptions are referred to on
pp. 198, 199.

Interruptions to Cables on or near to Sub-oceanmic Continental slopes.

West Coast of Central and South America.—-Asillustrative of conditions
which may exist round many parts of the west coast of South America,
where there have been sudden and gradual upliftings of the land within
historical tire, a portion of a chart showing contours near to the mouth
of the river HEsmeralda is Ieproduced The soundings are in fathoms.
Those in ordinary figures are “from information received prior to June
1893, whilst those in larger type are from soundings taken in March 1896.
Changes from 13 or 20 fathoms to upwards of 200 fathoms in this short
interval of time are certainly remarkable ; and as the position of the cable-
repairing vessel ‘ Relay,” belonging to the Central and South American
Telegraph Company, which made the observations, was ensured by cross-
bearings on the land, their general accuracy cunnot be doubted.

The figures surrounded by a circle were taken many years ago, and
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are probably no longer correct. Off the shore, in a distance of 3 miles,
there is a depth of 200 fathoms, indicating a slope of 1 in 15, whilst at
distances of 10 miles from shore, over a length of 1 mile, slopesof 1 in 3

may be found.

We have evidently here many instances of recent change in sub-oceanic
form, and at the same time illustrations of conditions where considerable
instability might be expected, and cable interruptions might therefore
frequently occur. It will be noted, by reference to the map, that the
position of fractures which have taken place are grouped near to the base
of these steep slopes, and in this respect follow the rule of similar occur-

rences in the North Atlantic.
The following is a list of certain interruptions which have taken

place off the coasts under consideration :—

La Libertad—Saline Cruz.—November 25, 1890.

Panama—i~San Juan del Sur.—June 4, 1885* ; July 31, 1889*,

Sta. Elena— Buenaventura.—This section is laid off the mouth of the river
Esmeralda, at which point many breaks have occurred, Lat. 58" 20" N, long.
79° 41' 26" W. August 30, 1890; January 25, 1891*; February 13, 1892; Decem-
ber 5, 1893* ; December 6, 1893* ; December 14, 1893*; December 20, 1893.*

Paita ( Peru)—Sta. Kilena (Fevador)—This section passes Talara point, where
many breaks bave occurred, Lat. 4° 29’ S., long. 81° 17" W. September 1892
May 19, 1883 ; September 3, 1886 ; May 15, 1889* ; March 31, 1891%; April 9, 1891%;
May 14, 1892*.

Mollende— Chorilles { Perw).—This section crosses the gully off Pescadores peirt,
lat. 16° 24’ 8., long. 73° 18 W. February 23, 1884; March 24, 1884; April 5,
1884 ; June 13, 1884; January 30,21886; August 13, 1886; August 16, 1887;
March 25, 1887; December 10, 1887, supposed to have been broken by an earth-
quake ; December 11, 1888 ; February 21, 1890 ; March 15, 1890; March 30, 1851% ;
June 4, 1895* ; October 16, 1892¥, supposed to have been broken by an earthquake.

Arica— Mollende.—May 9, 1877, by an earthquake; July 15, 1887; before
June 24, 1891; August 13, 1891; June 6, 1895%, shore end broken by waves.

Iquique— Avica.—May 9, 1877, by earthquake; May 7, 1878, by an earthquake;
June 12, 1895*, shore end broken by waves.

Caldera—Antofagasta.—July 7, 1586.

Valparaiso, Serena.—July 26, 1877; August 15, 1880, by earthquake; July 8,
1885 ; before August 19, 1891. July 4, 1895%, by landslide or earthquake.

The wunfelt earthquakes which were noted in or near Europe were as
follows :—
January 25, 1891, 5:01h. A small disturbance was recorded at Teneriffe.

March 26, 1891, 13:6h, to 14'8h. There was an earthquake of moderate

intensity noted in Teneriffe.
May 15, 1892. At 2:9h, at Strassburg, and at 3'7Th, at Nicolziew, there was a

feeble shock. It is, however, possible that this earthquake may have had its origin

at Stavanger, in Norway.
October 13, 1892. At 17-07h., and October 17, at 11-88h. at Strassburg.
December 16, 1893. At Charkow at 13h. 13m. there was a strong disturbance.
June 4, 1895, At Padova at 18h. 23m., large disturbance.
July 5, 1895, 5h. 32m, At Padova, origin evidently at a great distance.

Whether these seven unfelt movements recorded on the eastern side
of the Atlantic were connected with seismic disturbances on the western
side of South America leading to cable interruptions, it is impossible to
speak with confidence until we know the hours at which these interrup-
tions took place. In the meanwhile, all that we can say is, that it is
worthy of note that out of fourteen cable interruptions, seven of them
took place about the times when delicately suspended instruments in or
near Europe were set in motion. Six interruptions took place when
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earthquakes were felt, whilst others were caused by landslips, which in
turn may have been the result of mechanical shaking. On certain
sections, as for example that connecting Arica and Mollendo, fractures
have only taken place in certain months, which in this instance are June,
July, and August. Restrictions like this suggest that the cause of
fracture has been due to landslips brought about by the escape of fresh
water beneath sea-level, the action of currents, or other sub-oceanic
phenomena having seasonal maxima.

The interruptions off Pescadores Point (16° 8. lat.), although, when
recovering cables, branches of almost petrified trees have been brought
to the surface, Mr. R. Kaye Gray attributes to the great unevenness of
the bottom, there being in that neighbourhood submarine hills 3,000 and
4,000 feet in height.

The following notes hearing upon the above sections were kindly
drawn up by Mr. W. E. Parsoné, who has been engaged in cable work on
the west coast of South America :—

Arica—Mollendo Section.w—;rhis section was laid in 1875. On thenight of May 9,
1877, while the cables betweernl Arica and Lima were being used for direct working,
a very distinct shock of earthquake was felt by the operator in the Lima office at
about 10.30 P.M., during receipt of a message from Arica, and communication
ceased a few seconds later. The intermediate station of Mollendo afterwards
reported that the shock was also felt there, and at about the same time, and that
they were unable to communicate with Arica. Mr, Parsoné located the rupture of
the Arica—Mollendo section as close o the shore at Arica, and proceeded by first
opportunity to that place, where it was found that a violent earthquake shock on
May 9, 1877, had been accompanied by a tidal wave of unusual severity, which had
completely wrecked the greater portion of the town. The sea-front and harbour
had suffered enormous damage, the iron pier having been washed away, and prac-
tically all the craft in the port having parted their moorings or foundered, In
undertaking the repair, tons of anchar-moorings and material were picked up with
the cable, which had been considerably dragged out of position and twisted for a
considerable distance from the shore, Communication on this section was restored
on May 24, 1877, and worked without interruption wuntil it was permanently
repaired by renewing a portion of the shore-end and intermediate cable on
November 17, 1878.

Tquique—Arica Section.—This section was laid in 1876. On May 7, 1878, a severe
shock of earthquake was experienced in the neighbourhood of Iquique, after which
the cable connecting that place with Arica was found te be interrupted. Mr.
Parsoné located the rupture at 6 knots from Iquique on the intermediate cable in
60 fathoms of water, and, after considerable difficulties working with barges, there
being no repairing-ship obtainable, succeeded in lifting the cable on the spot. Both
ends were recovered, and it was found that the cable (intermediate) had snapped
clean through, the compound on either side of the break being undisturbed, except
at, say, a distance of 18 inches on either, where the sheathing wires had made one
compiete turn. There the compound bad sprung, and some of the strands parted,
and the sheathing wires compressed out of position. But for these comparatively
slight. indications of the enormous force which must have been exerted to make so
clean a break in heavy intermediate type, the cable was in no way damaged, the
rest of the cable being in as good condition as the day it left the factory. The
earthquake, which was undoubtedly the direct cause of the rupture, was said to
have a direction from south-west to north-east, and it was noticed with much surprise
that the base of the high cliffs on the fore-shore bore marks of recent disturbance
at a spot bearing due north-east from the position of the break., The disturbance
referred to had the appearance of a recently formed cavern or tuannel—a few feet
above the beach where the base of the hard rock was met—as if some enormous
piece of artillery had been fired point-blank into the rock, and this had also caused
a falling away of the surface rock above the opening, which peels off in layers like
decomposed slate. We could not land at the place to examine it more closely on
account of the surf and rocks, but attempted to do so by clambering and crawling
over the headland of rock; but large thin sections of decomposed surface slipped
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away with us continually, and we had to give up the attempt. Communication was
restored with a piece of deep-sea cable and permanently repaired with the s.s.
*Retriever’ on November 21, 1878.

La Berena— Velparaise Section.—This cable was laid in 1876, and interrupted off
the Limaree Riveron July 26,1877, as was thought, by floods from the river, although
in its normal condition it is practically a dry bed before it reaches the sea.

This section was again interrupted on August 15, 1880, by an earthquake ; and
the same section was again interrupted by a landslip on July 4, 1885, presumably due
to an earthquake.

Mollendo— Chorillos Section.—This cable was laid in 1875, and was frequently
interrupted off Pescadores Point to the north of Mellendo, where considerable
inequality of depth is experienced, due presumably to the channelsof an extinct or
subterranean river, whose estuary may now be some miles at sea, and create
periodical submarine convulsions at great depth and at, say, 40 or 50 knots from
the coast. In any case, all difficulty has ceased in this locality, since the cable has,
for a considerable length, been diverted to close inland and laid as close to the shore
as it -was safe for a ship to get.

This section was also broken in two different places by an earthquake which
occurred on December 10, 1887.

East Coast of South America.—The geological and topographical
conditions on the east coast of South America are strikingly different
from those met with on the west coast. On this latter coast the land
plunges rapidly downwards beneath the sea, as a slope produced by
bradyseismic thrust and folding, whilst on the former, when measured
over long distances, the slope is gentle, indicating an absence of orogenic
activities, Although the land is generally continued seawards at a low
angle by the deposition of sediments and the scouring action of currents,
here and there declivities may have been produced by such epigenic
actions.

On the following sections interruptions have been rare or have not
occurred :—

Maldonailo-—Montevideo—Since 1875,
Santos—-Chuy.—Since 1892,

Chuy— Maldonade.—Since 1875,

Rio Grande do Sul—Chay.~—Since 1875.

From these sections, which lie on the northern side of the Rio de la
Plata estuary, as we proceed northwards interruptions have been more
and more frequent. They are as follows :—

Montevideo—Buenos Ayres.—QOctober 12, 1889.

Sta. Catharina—IiRio Grande do Sul.—June 16, 1880.

Santes—Sta. Catharina.—March 12, 1890.

Montevideo—Rio Grande do Sul—April 25, 1889 ; June 11, 1889* ; December 4,
1889 ; May 4, 1890 ; December 4, 1891.

Chuy—Montevideo.—June 27, 1892; July 10, 1892*% (restored); November 11,
1892 (date of inlerrupiion not recorded). :

Rio de Janeiro—Santos.—April 16, 1889; April 5, 1890; December 24, 1890.

Bohia—Rio de Janeiro.—Japuary 31, 1889; September 3, 1889* ; September 21,
1889* ; July 24, 1891 ; July 31, 1891 ; September 4, 1896.

Pernambuco— Bahin.—April 1, 1889 ; July 20, 1889 ; July 14, 1891.

Ceara— Pernambuco.—April 8, 1890; March 14, 1891*; September 1, 1893%;
Japuary 12, 1895 ; March 3, 1896; March 4, 1897*,

Maranham— Ceara.—May 22, 1889*; April 29, 1890; January 20, I891;
January 28, 1891 ; March 4, 1891*; March 8, 1891*; November 25, 1891; October 11,
1892%; February 12, 1894%; March 6, 1894*; November 25, 1894 ; April 28, 1836;
December 2, 1896.*

Para—Maranham.—September 6, 1888; November 2, 1888; May 22, 1880*;
December 27, 1889; January 10, 1890; July 24, 1890; January 12, 1891; October 19,
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1891 ; December 2, 1841 ; January 19, 1892; October 15, 1892*; March 20, 1893*;
September 1, 1893%; March 24, 1894*; July 23, 1894*; November 1, 1894;
November 10, 1894; November 15, 1894; January 7, 1895: February 9, 1895%*;
October 10, 1895*; December 13, 18956*; December 18, 1895*; July 9, 18%6*;
August 6, 1896* ; October 8, 1896*; May 5, 1897.*

In the above list the thirty-one interruptions marked with an asterisk
took place whilst horizontal pendulums were in operation in or near
Europe.

The FEuropean observations were as follows :—

September 18, 1889. At Potsdam, 6:92h. to 9:3h., there was a large disturbance,
which suddenly became great at 7-87h. At Wilhelmshaven the disturbance lasted
from 7h. to 9-5h. The origin is unknown. .

SBeptember b, 1889. At Potsdam there was a heavy disturbance at 22:687h., with
a sudden increase at 23-08h. At Wilhelmshaven similar phases are at 22-5h. and
23:08h. ZLarge disturbances also with unknown origin were noted on August 29 at
18-48h.

October 9, 1892. At Strassburg and Nicolaiew, at about 2:45h. and 2-70h.

March 3, 1891, At Teneriffe, earthquake at 1-79h. Origin Unknown.

May 21, 1888, At Potsdam, a heavy disturbance at 10'535h. to 11-1h. Origin
unknown.

March 20, 1893. At Strassburg and Nicolaiew, at 518h. and 5:27h. At this
time there was an earthquake in Catania.

October 13, 1892. In Strassburg 17-0Th. to 17-78h. An earthquake on the
Donau.

September 1, 1893. At Charkow at 9.35 A.M.

February 12, 1894, At Charkow, a strong disturbance at 1.35.

March 24, 1894. At Charkow, about this time, exceedingly heavy disturbances
were recorded. From 17h. 35m. on the 21st to 2h. 48m. on the 22nd; from 9-35h. on
the 22nd to 3-35h. on the 23rd; and on the 24th, from 0Oh. 26m. to 1h. ?m.

July 22, 1894. At Charkow, from 11-35b. to 17-35h.

October 9, 1895, at 13h. 26m. Slight.

July 8, 1896, at 14h. 54m. and 17-46. At Shide.

October 6, 1896, at 21'51h, At Shide.

May 5, 1897, at 10-44h. At Shide.

December 2, 1896, at 10 to 11 A.M., At Shide.

Inasmuch as two of the interruptions took place on May 22, 1889,
and two on September 1, 1893, which closely correspond with the unfelt
but heavy earthquake in that year, we may say that out of twenty-nine
interruptions sixteen of these have approximately coincided with the times
at which earthquakes with unknown origins have been recorded in Europe.

Because on the Para—Maranham ! section interruptions have been
frequent in October, November, and December, and on the Maranham-—
Ceara section in November and in March, in searching for the cause of
these interruptions we should look to variations in ocean currents or
phenomena with a seasonal change.

West Coast of Europe and Africa.

Mediterranean Lipari—Milazzo Sea.—December 1, 1888 ; March 30,
1889* ; September 15, 1889* ; February 9, 1893.*
Zante— Canea.—March 29, 1885.

' *The Para—Maranham cable is, I believe, a friend writes me, ‘laid on a
shallow muddy bottom, the mud being so fluid that it is said that a schooner with
a fair wind can make a good passage when half in mud ard half in water.” If this
is so, then the Amazon floods may have much to answer for in connection wi-h
cable-interruption.

02
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Patras—Corinth.—September 9, 1888 ; August 25, 1889* (two inter-
ruptions).
The earth-movements which were observed were as follows :—

March 28, 1889. At 7:35h. at Wilhelmshaven, fairly large.

September 13, 1889. At 5°50h. at Potsdam and from 7h. to 9-5h. at Wilhelms-
haven.

February 9, 1893. At Strassburg 6:23h, to §:48h., and at Nicolaiew 6-19h. to 8-07h.,
heavy movement. The epicentre possibly near Samotrace, Two other earthquakes
were noted on this day.

Angust 25,1889. At Potsdam at 7'62h.and at Wilhelmshaven from 7-53h. to $h.,
a large disturbance. Epicentre near Patras.

The Lipari—Milazzo fractures took place in depths of from 400 to 650
fathoms 2 or 3 miles distant from Vwuleano, about north-east from
Solfatore.

The Zante—Canea interruption occurred about 5 miles west by seuth
off Sapienza Island, in a depth of 1,500 fathoms with a clay bottom.
Soundings varied as much as 250 fathoms in the length of the ship, and
from 1,350 to 1,834 fathoms in half a mile.

The first of the Patras—Corinth breaks occurred about 2 miles north
of Akraia, in mud at a depth of 197 fathoms, whilst one of the seconc
interruptions took place in the same locality, in depths varying between
408 and 270 fathoms within a mile, and the other, in cable No. 2, within
half a mile south of Morno point.

Mr. W. G. Forster, writing in the *Transactions of the Seismological
Society,” vol. xv., respecting these districts, tells us that after the Filiatra
shock in 1886 it was found, by the broken cable 30 miles away, that
some four knots of the same had been covered by a landslip, whilst the
depth of the water had increased from 700 %o 900 fathoms. In 1867,
after the destruction of Cephalonia, the soundings taken after the shock
were different from those taken before. Again, on September 9, 1888, at
5.4 .M., the town of Vostizza, in the Gulf of Corinth, was destroyed, and
simultaneously the cable between Zante, Patras and Corinth was inter-
rupted. The cause of this, as deduced from soundings and the appear-
ance of the fractured cable, appears to have been either a sudden tautening
caused by the sweeping down of a mass of clay from a 100-fathom bank
to a 300-fathom bank, or the actual yielding of the bed on which the
cable lay.

In 1889 a second cable was laid down in the Gulf of Corinth, but this,
when it had been down about three months, was, together with the 1884
cable, fractured at the time of an earthquake on August 25 at 8.51 p.m.
The 1889 cable seemed to have been smashed by the movement of a mass
of material about a mile in length, whilst the 1884 cable was broken at
two points by a slip on a 10 to 450 fathom bottom.

In the districts considered by Mr. Forster, there are, as he points out,
great irregularities in submarine contours, the depths within short
distances changing from 50 to 300 and then to 1,600 fathoms. By the
deposition of silt, and the undermining of steep slopes by bottom currents,
the exit of underground springs and even rivers, overhanging shelves,
tottering and precipitous rocks, and other unstable arrangements, may
suddenly give way and cables suffer rupture.

The facts are that the sub-oceanic contours are such that they might
be expected to be unstable, and that these contours, at the time of earth-
quakes, have suddenly been changed. In one instance there has been an
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increage in depth of over 2,400 feet, and in another of 1,200 feet ; whilst
in the case of the 1889 disturbance, eleven and a half minutes later,
unfelt earth-waves of considerable magnitude were recorded at Withelms-
haven, 1,732 kilometres distant. Similar unfelt movements have also
been recorded at distant places at about the time when cable-interruptions
took place, en every instance where we have been able to make comparisons.
The conclusion, then, is that in this region earthquakes occur, producing
beneath the ocean what is equivalent to the landslips which similar move-
reents produce on land.

Bay of Biscay.—About 1875 the Direct Spanish cable was broken
about 150 miles north of Bilbao by what seemed to be a submarine
landslip, which may have been produced by an undercurrent produced by
the piling up of the surface waters under the influence of a westerly gale.
The soundings showing the neighbourhood of the interruption indicate
slopes of 1 in 7 and even 1 in 3, and it is therefore a district in which
landslides and dislocations might be expected to occur. From Mr. R.
Kaye Gray I learn that the 1872 Bilbao cable broke down periodically—
usually in the month of March, with or after a heavy north-west gale.
This took place about 30 miles to the north of Bilbao, and, when repairing,
it was invariably found that 4 or 5 miles had been buried. The cause of
these interruptions was attributed to a heavy submarine current caused
by the piling-up of surface water, cutting the prolongation of a river-bed
with steep walls which, when undercut, fell in masses to bury the cable.

St. Thomé—S¢t. Paul de Loanda.—Interruptions which have been
noted on this section were as follows :-—

January 22, 1892; September 13, 1892*; November 24, 1892%; February 17,
1893%; April 11, 1893*; May 30, 1893%; TFebruary 5, 1894*; January 22, 1895%;
January 15, 1896*; May 2, 1896*; June 15, 1896.%

The dates on which unfelt earthquakes were recorded were as
follows :—

September 13, 1892. At Strassburg a very large disturbance from 9-54k. to
13-31h. Origin unknown.

February 16, 1893. At Strassburg at 0-08h, Origin possibly in Japan.

April 11, 1893, At Strassburg and Nicolaiew, 18'68h. to 19h. Moderate. On
April 8 at these stations there was a heavy movement from 1'87h. to 417h. Origin
unknowsn.

May 30, 1893. At the above stations from 4-33h. to 5:32h, ; a great movement.

¥ebruary 5, 1894. At Charkow from 4h. 54m. to 10h. 34m. there was a strong
movementy,

January 18, 1895, 2h. 37Tm. At many places in Italy.

Januvary 15, 1896, Th. 10m. At many places in Italy.

May 2, 1896, 1h. 20m. Btrong through Europe,

June 13, 1896, 14h. 54m. Strong through Italy.

June 14, 1896, 22h. 46m. Strong through Italy and at Shide. Origin, Pacific
Ocean.

We have therefore ten cases of interruptions on or near to the dates
of nine of which large earthquakes were recorded. Tt is difficult to
imagine that this particular district should be characterised by any
seismic activity, but it seems possible that, if it is a district where
sediments rapidly accumulate to attain an unstable form, these might
from time to time give way under the influence of earth-waves originating
at a great distance.

On this particular section Mr. R. Kaye Gray points out that, from
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the mouth of the Congo, extending seawards, there is a difficult guily
to cross, the walls of which are 2,000 feet in height | Although the gully
widens towards the west, this height is maintained for a considerable
distance. The shallowest water is found along the edges of this gully,
which therefore has a transverse section not unlike that of a river bounded
by a naturally formed levée.

The East Coast of Africa.—The following are interruptions noted in
various cable sections along the east coast of Africa :—

Morambique— Zanzibar.—February 1, 1885 ; April 2, 1885 ; September 26, 1894*.

Delagoa Bay— Durban.—October 15, 1890; November 18, 1890; December 10,
1894 ; January 20, 1896* ; July 13, 1896*,

Mozambique— Delagoa Bay (Lovenze Marques).—November 11, 1890 ; November
18, 1290; January 5, 1898*%; January 25, 1893*; Jume 9, 1895%; December 24,
1896,

Zanzibar— Mombasa.—December 20, 1890; January 25, 1892; September 4,
1894%; Beptember 26, 1894*; March 6, 1896%; August 23, 1896*; September
23, 1896*,

Aden—~Zanzibar.—January 8, 1890; May 11, 1891 ; December &, 1891 ; February
20, 1893*; August 9, 1893* ; December 21, 1894 ; September 2, 1895* ; December
24, 1895* ; January 27, 1896* ; March 16, 1896*; March 23, 1897 (D).*

With the nineteen interruptions marked with an asterisk, there are
eleven instances where these may have corresponded with the records of
unfelt earthquakes. Approximate coincidences with earth-movements
are as follows :—

January 22, 1893, at 19'87h. A weak disturbance was noted at Nicolaiew and
Strassburg.

Septerber 1, 1894, from 1h. 43m. to 4h. 21m. Moderate at Charkow.

September 25, 1894, 16h. 49m. to 17h, 8m. At Charkow.

Febrnary 20, 1893, from 19-23h, to 19-78h. At Strassburg small, origin in Japan,

August 9, 1893, from 17h. 11m. to 19h. 4m. At Strassburg moderate.

March 3, 1896, at 16h, 33m. Recorded through Europe.

August 21, 1896, at 10h. Om. Recorded at Padua.

September 2, 1895, at 1:3h. to 9°6h. and 19h, At Shide.

March 15, 1896, at 19h. 36m. At Shide.

September £1, 1896, at 16h. 53m. Recorded through Europe.

March 23, 1897, At Shide at 4-20h,, slight.

Sir James Anderson, in 1887, speaking about the interruptions off
the river Rovuma (11° 8. lat.), remarks that, so far as soundings showed,
there was an even bottom and all that could be desired as a bed on which
to place a cable, yet every year the cable broke. The broken ends
suggested that the cable had been suspended until it snapped. Although
the cable was shifted further out, and then closer in, it still broke. This
happened eight times, and it was noticed that the interruptions occurred
at about the same time of the year. Seven of these breaks are fairly on
the same line, and Sir James’s suggested explanation of this cause was
that the time when the interruptions occur is at the termination of
the rainy season in the African mountains, at which time fresh-water
springs take away the bottom on which the cable lies, and leave it
suspended.

Mr. John Y. Buchanan suggests that sometimes a cable may be
broken in consequence of its slowly subsiding through ooze, until the
catenary strain becomes so great that it eventually snaps.

Aden—Bombay —Interruptions noted on this section were the
following : —

July 11, 1881; June 8, 1886 ; July 27, 1885; July 11 ,1888 August 11, 1888.
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On the second and last of the above dates the two cables connecting
Aden with India were simultaneously broken, and the traffic between
India, Australia, and the East had to pass over the land lines of Russia,
Persia, and Turkey. The fractures took place on an even bottom a few
hundreds of miles from Aden. At the time of the 1885 interruption, a
fearful cyclone was raging at Aden, and it is therefore possible that the
ruptures may be attributed to causes similar to those which seem to have
operated on the Bilbao cables (p. 191). The place of fracture was 119
nautical miles from Aden, 20 to 25 miles south of the Arabian coast, at a
depth of 870 to 990 fathoms, on an even bottom of mud.

Penang and Madras.—Interruptions noted on this section have been
as follows :—

May 12,1873 ; November 15,1875 ; March 28, 1876 ; November 9, 878; April 22,
1880 ; January 31,1881 ; June 6, 1883 ; November 15,1883 ; June 13, 1884; Septem-
ber 2, 1886 ; November 2, 1886 ; November 14, 1886 ; September 22, 1888 (1); May 13,
1890.

On the above dates horizontal pendulums or the equivalent instru-
ments were not in operation, but that these interruptions were partly
due to sub-oceanic change may be inferred from the fact pointed out by
Sir John Pender in the ¢Electrical Review ’ of May 23, 1890, who says
that nearly all the interruptions on this line have taken place on very bad
ground near the Nicobar Islands.

The following completes the list of interruptions on far eastern
lines :—

Rangoon— Penang.—September 4, 1886; May 13, 1890.

Singapore— Penang.—November 20, 1873; August 7, 1876 ; November 8, 1876;
December 20, 1876 ; July 20, 1877 ; October 19, 1877 ; September 30, 1878,

Batavig—Singapore.—March 31, 1873 (1); May 20, 1874 (1); Augnst 13, 1874;
August 18, 1874; December 14, 1874 ; September 2, 1875; November 5, 1875; May 9,
1876 ; June 28, 1876 ; October 25, 1876 ; February 27, 1877 ; September 28, 1877 ; No-
vember 9, 1877 ; January 22,1878; May 2, 1878 ; August 31, 1878; October 28, 1878 ;
December 28, 1878; September 20, 1879; December 3, 1883.

Port Darnin and Java ( Banjoewanfi)—June 21, 1872 ; April 27, 1876; Novem-
ber 8, 1877 ; September 27, 1878; May 29, 1879; July 4, 1879; March 5, 1883;
March 10, 1883 ; April 6, 1883 ; October 22, 1883 ; June 29, 1888 (two cables broken);
October 10, 1888 (both cables broken); October 22, 1888 (both cables broken);
July 11, 1890* (three cables broken, one being to Roebuck Bay); Februmary 23,
1893*; March 22, 1893*; September 27, 1893*; October 25, 1893* (two cables
broken);! October 26, 1893*,

The horizontal pendulum records are as follows :—

February 22, 1893. At Strassburg, 11'28h, to 11-78h.; also at Nicolaiew.
Moderate.

March 20, 1893. At Strassburg, 5'18h. to 558h.; also at Nicolaiew. Mode-
rate. Origin probably in Zante.

September 11, 1893. At Charkow, 16h. 13m. to 17h. 50m.

QOctober 22, 1893. At Charkow, 6h. 53m. to 8h. 14m.

The two fractures of June 29, 1888, took place 20 and 25 miles south
by west of Mount Dodo, Sambawa, where depths vary from 734 to 1,130
fathoms. Sir John Pender, at the ordinary general meeting of the
Eastern Extension Australasia and China Telegraph Company,? says that it
was found that these breaks resulted from ‘volcanic’ action ; and, curiously

1 Bee Electrictan, November 3, 1893. * Ibid., October 12, 1888,
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enough, when the cables were recovered, all sorts of things, even the roots
of trees, were found attached to them. The whole thing seemed to be a
great upheaval of nature. From the same paper, August 20, 1888, we
learn that these two interruptions took place at points widely separated.
In Port Darwin time, the fractures took place on June 29, at 10.40 ».M.
The three interruptions of July 11, 1890, took place, in Banjoewanji time,
at 1.35 A.M,, on a rough, uneven bottom, between Tafel Hoek (Bali) and
Balambangan Point, Java, where the depths vary from 155 to 927 fathoms.
The duplicate cable was broken in three places, and overlaid about 65 miles
from Banjoewanji, The three cables run along two sides and near the
bottom of a gully separating Baly from Java, and are about 7 miles
apart. They practically broke on one line, and the cause was ‘ voleanic’
action.! In this instance, as in that of June 30, 1888, the submarine
displacements extended over an unusually wide area ; and, when we refer
to & chart, it is seen that at a distance of 9 miles in a south-west
direction from Tafel Hoek there is a depth of 1,180 fathoms, indicating a
slope of 1 in 7.

The only interruptions which can be compared with the records of
horizontal pendulums are the last five, whilst the time of the inter-
ruption of March 22, 1893, is not known. The mean Greenwich times
and dates at which the remaining four took place in 1893 are as follows :—

1. February 22, between 4h, 20m, and 16h, 20m.
2. September 12, 12h, 20m,

8. October 24, 17h, 5m.

4. October 26, 3h. Om.

The conclusion is that only the first of these four interruptions took
place when an unfelt earthquake was recorded in Europe, but similar dis-
turbances were noted on September 11 and October 22,

The following table is a comparison of the days: and hours when
earthquakes were felt in Java, with the times at which cables were
interrupted :—

Bhocks felt in Java and Samatrs in approximate Date and G.M.T. of cable-
&.M.T. (Batavia time — 7 houra) interruptions
[ 1872, June 16, 12h. to 14h . . . . | June 21.
1876, April 23, 10h. 15m. Sumatra. . . | April 27,

1877, Naovember 3to 4 . . . .
1878, September 21, 19h. 30m. Sumatra
1879, withont records,

November 8.
September 27,

1883, March 6, 4h. 45m. Sumatra . . . | March 5.
» October 18, 17Th. Om. Banjoewanji . | October 22.
1888, June 29, 21h. 33m. Batavia . . . | June 29, 3h. 40m.

» October 8, 12h, 18m. Series of shocks '
, . 9. 12h, 26m, ] _ ) : October 9.
» » 21,12h 5m. ILight shock . . | October 22,
1890, Jzly 10,16h, 50m. to 19h. 40m, SBeriesof | July 11, 6h. 35m.
shocks, some heavy. Java
1893, February 23, 16h. 15m, Java, . . | February23, 4h.20m.and 16h. 20m.
» March 22, 18h. 32m. Light. Java . | March 22 (time unknown).
+ September 9, 22h. 57m. Moderate. Java ; September 27, 12h. 20m,
[ n October 23, 9h. 58m. Fifteen shocks,}

| very heavy. Java
b, October 25. A light shock

October 25, 17h. 25m.

! Bee Elecirician, October 24, 1890, vol. xxv.
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For the interruptions of cables on June 29, 1888, and July 10, 1890,
we have the assurance of those connected with their management that

A Tabular Arrangement of the Foregoing Interruptions.
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the cause was volcanic or seismic, whilst the actual or close coincidence
in the dates at which the remaining interruptions have taken place with
the days on which earthquakes have been felt leads to the belief that
the Port Darwin—Java section has suffered more from the effects of
sudden sub-oceanic change than from any other cause. The European
records of February 22 evidently refer to the disturbance which caused
glée (i)r}zlterruption on that date in Java between the hours 4:20h. and

9

The above table is a list of the thirty-eight lines just discussed,
along which one or more cables are laid. Since these lines were esta-
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blished, the number of interruptions which have occurred have been at
least 245. TFor certain lines it would appear that fractures were more
frequent at one season than at others, and that therefore a proper analysis
of the table or its parts—such, for example, as those to which earthquake
statistics have been subjected—might lead to the discovery of periodicities
in cable-interruptions. Unfortunately, because the material in our
possession is yet so meagre, such discussions must for the present be
reserved.

Out of the 245 breaks, 87 of them, each marked with an asterisk,
occurred at the times when instruments were in operation which would
record unfelt earthquake effects. Fifty-eight of the 87 cable-interrup-
tions occurred at or about the times when Europe was agitated by these
unfelt movements. The fractures accompanying earthquake, or, as it is
sometimes called, volcanic movement—which could be felt, and which
in two instances caused destruction on neighbouring shores—were at
least 10 in number, which may be raised to 24 by including the Java
records, In three of these instances, two or three cables were broken
simultaneously. With the latter the submarine dislocations extended
over a wide area; in the Gulf of Corinth great changes in ocean
depth were brought about, and from this latter place we know the motion
to have radiated so that a few minutes after the interruption well-defined
diagrams of earth-waves were obtained at localities 1,000 miles distant,
at places where no movement could be felt.

Instances like the latter clearly establish a connection between cable-
interruptions, earthquake-motion which has been felt, submarine disloca-
tion, and the records of horizontal pendulums in distant localities. This
being the case, and because earthquake-motion cannot be felt at great
distances from its origin, it is reasonable to conclude that the records of
unfelt earthquakes which approximately coincide in time to those at which
cables have been interrupted may sometimes Indicate that submarine
geological changes have accompanied seismic efforts.

Although certain conclusions arrived at in this paper are definite,
until the materials necessary for analysis can be obtained, others remain
matters of inference. The records of interruptions for the lines men-
tioned are, we have reason to believe, incomplete. The horizontal
pendulum records with which to make comparisons have not only been
few in number, but, because they are confined to Europe, could only be
expected to throw light upon disturbances originating at a great distance,
which were exceptionally large. The records of earthquakes which have
been felt are confined to an imperfect list for Java, a few from the Medi-
terranean, and a few reported from the west coast of South America.
Lastly, the hours, and in some cases even the days, on which cable-
interruptions have taken place, together with the probable cause of these
interruptions, are unknown. These latter facts are no doubt to be found
in the arehives of many cable companies, and it would be to the interest
of all who desire to increase our knowledge of sub-oceanic change if com-
parisons could be made between the records of unfelt earthquakes now
published, and the times and circumstances at and under which corre-
sponding cable-ruptures have taken place.!

! The writer, whose address is Shide Hill House, Newport, I.W., England, wounld
be glad to receive any information respecting the day, hour, and probable causes of
failure, connected with cable-interruption.
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All that it is expected to find is that a certain, and probably a
small, proportion of these interruptions may correspond in time with
seismic disturbances; and, because we know that certain cables have
been lost by landslips and dislocations accompanying earthquake-move-
ment, it is to be hoped that the expectation may be regarded as a
reasonable conjecture.

An Attempt to estimate the Frequency of Submarine Dislocations.—
If it can be assumed that the majority of cable-interruptions are due to
submarine displacements, and not to faults inherent in themselves (which
are comparatively of rare occurrence), the swaying of suspended sections
under the influence of waves and currents, the movements of marine
creatures, the boring of a teredo, and other exceptional causes, then the
tables which have been given of cable fractures will give some idea of the
frequency of such displacements. Because the list of interruptions for
a number of the lines mentioned are imperfect, and because each cable
follows a path carefully chosen as not being likely to suffer from sub-
marine disturbance, the frequency of dislocation derived from such an
assumption is more likely to be a minimum than a maximum. From the
known number of interruptions which have occurred on sections of given
length in a given number of years, the following table of dislocation
frequency per mile of coast per year has been computed.

Cable Dislocation per Mile per Year.

; Length in
; Name of cable natt;lical Number of breaks
miles per mile per year
Moliendo— Chorillos . . . . . . 510 0:002
Arica—Mollendo . . . - . . 146 0-003
{ Iquique—Arica . . . . . . . 128 0-0040
Antofagasta—Iquique . . . . . 250 0-0000
Caldera—Antofagasta . . . . . 229 0-0004
Cogquimbo—Caldera . . . . . . 215 00000
Valparaiso—Coquimbo . . . . . 213 0-001
Santos—Chuy . . . . . . . 744 0000
Maldonado—Montevideo . . - . . 72 0-000
Chuy-—Maldonado . . . . . . 125 0-000
Rio Grande do Sul—Chuy. . . . . 148 0000
Montevideo—Buenos Ayres . . . . 32 0004
Sta. Catharina—Rio Grandé do Sul . . . 397 i 00004
Santos—=Sta. Cathariva . . . . . 293 00005
Montevideo—Rio Grande do Su . . . 349 0-006
Chuy—Montevideo . . . . . . 201 0001
Rio de Janeiro—Santos . . . . . 223 0-009
Bahia—Rio de Janeiro . . . . . 768 [ 00011
Pernambuco—Bahia . . . . . . 404 . 00036
Ceara—Pernambuco . . . . . . 481 00018
Maranham—Ceara . . . . . ) 408 0004
Para—Maranham . . . . . 381 ¢-008
St. Thomé—8t. Panl de Loanda . . . 785 0003
Delagoa Bay—Durban . . . . . 348 0002
Mozambique—Delagoa . . . . . 971 0-001
Zanzibar—Mombasa, . . . . . . i50 0007
Aden—Zanzibar . . . . . . 1,914 0-0008
10,891 0'0023 average
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The coasts taken are the east and west sides of South America and
Africa. The total length considered representing shores which are
steep and those which are gently inclined is about 11,000 miles. The
general result which is reached is that the dislocations per mile per year,
on the coast-lines considered, which may be taken as having on the
average a character similar to that of the coast-lines of the world, are
represented by the number 0-0023, that is to say, there is on the average
one dislocation for every 434 miles per year. If we increase this number
to 500 miles, and remember the character of the records and that of the
paths to which they refer, although we have attributed all the interrup-
tions to submarine change, we are inclined to the opinion that the
estimate is not too great. This being granted, then, as there are about
156,000 miles of coast-line in the world, if the same were surrounded by
loops of cables, although each section might be laid in the most favour-
able position, more than three hundred interruptions resulting from sub-
marine disturbance might be expected to occur every year. In deep
water on 2 level soft bottom experience shows that a cable may remain
undisturbed and unchanged for long periods of time, indicating, as we
have already pointed out, that geological change is proceeding with
extreme slowness.

4. Conclusions and Suggestions for a Seismic Survey of the World,

Because earthquake origins are more numerous beneath the sea than
wpon the land, it is fair to assume that the bradyseismical operations
resulting in the folding, bending, crushing, faulting, and thrusting of rock
masses are more active in the recesses of the ocean than they are upon
our continents. Sub-oceanic volcanic activity, as, for example, that which
is met with in the mid-Atlantic, probably indicates the existence of
bradyseismic movement and a relief of strain. The concentration of de-
tritus derived from continental surfaces along coast-lines on tracts which
are comparatively small, indicates that beneath the sea the growth by
sedimentation is greater per unit area than the similarly estimated loss is
by denudation on the land. This rapid submarine growth, largely under
the influence of gravity, but modified by hydrodynamic action, leads to
the building up of steep contours, the stability of which may be destroyed
by the shaking of an earthquake, the escape of water from submarine
springs, the change in direction or intensity of an ocean current, or by
other causes which have been enumerated. That submarine landslides of
great magnitude have had a real existence is proved for certain localities
by the fact that after an interval of a few years very great differences in
depth of water have been found at the same place, whilst sudden changes in
depth have taken place at the time of and near to the origin of submarine
«arthquakes (see pp. 193 and 197). Large ocean-waves unaccompanied by
volecanic action indicate that there have been very great and sudden dis-
placements of materials beneath the ocean. The most important evidence
of sub-oceanic change is, however, to be found amongst the archives of
the cable engineer. The routes chosen for cables are carefully selected as
being those where interruptions are least likely to occur; and yet, as it
has been shown, something which is often of the nature of a submarine
landslip takes place and some miles of cable may be buried. Here we
seem to have proof positive, especially along the submerged continental
plateaus, of sudden sub-oceanic dislocation. Because these changes are
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frequent, it is reasonable to suppose that sedimentation and erosion and
other causes which lead up to the critical conditions are geologically
rapid.

PBrieﬂy, the foregoing notes and facts indicate that beneath the oceans
certain important geological changes are more rapid than they are upon
land, whilst new sources from which information respecting these changes
may be obtained are pointed out to the student of dynamical geology.

The moré important of these sources are the experiences of the eable
engineer and the records of seismographs, which are sensitive to unfelt
movements, When a number of these instruments have been established
round the world, on the borders of great oceans, and on oceanic islands,
it is difficult to overestimate the practical and scientific results which will
follow.

The greater number of records, as it has been shown, would refer te
disturbances which originated beneath the sea. From the times at which
earth-waves arrived at different stations, as, for example, on the two sides
of the Atlantic, it would be possible to localise their origins, and in time
districts would be indicated which it would be well for those who lay
cables to avoid. Work of this nature has, by means of ordinary seismo-
graphs, been partially accomplished for Japan, and the seismic maps of
that country ! show that sub-oceanic disturbances originating near to the
coast are herded in groups. Should a trans-Pacific cable be landed in
that country, to effect this through the middie of one of these groups.
would be inviting its destruction.

If we had the means of knowing that when an interruption occurred
in a cable at the same time an unfelt earthquake had been recorded, we
should then be in a position to attribute the fault to its proper cause.
The practically simultaneous failure of three Atlantic cables in 1884 led
to the hypothesis that they had been broken by the grapnels of a
repairing vessel ; fortunately for the owners of this vessel, it could not be:
substantiated.

From the ‘ Electrician ’ of August 20 and October 12, 1888, we learn
that the simultaneous interruption of the two cables connecting Java and
Australia in 1888 cut off the latter from the outside world for nineteen
days, and gave a pretext for calling out the military and naval reserves to-
meet the contingency of war having broken out. In 1890 three cables
were simultaneously broken, and telegraphic communication with Australia
was cut off for nine days. On these occasions, had there been established
in Australia a proper instriment for recording unfelt movements of the
ground, it is extremely likely that the cause of the interruption would
have been recognised as due to seismic action, and the fear of war and the
probable accompanying commercial paralysis would have been averted.
Other direct benefits, which have already been derived from the records.
of instruments such as it is here proposed to establish round the world,
are that they enable us to extend, correct, and even to cast doubt upon
certain classes of telegraphic information published in our newspapers.

Late in June last year we learned from our newspapers that a great
disaster had taken place in North Japan, and that nearly 30,000 people
had lost their lives. Seismograms taken in the Isle of Wight not only
indicated how many maxima of motion had taken place, but showed that
there had been an error in transmission of two days, the catastrophe

1 Bee Sciemological Journal, vol, iv.
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having taken place on the evening of June 15, so that all who were to
reach the stricken district after that date were in safety.

On August 31 of the same year, the Isle of Wight records showed that a
disturbance similar to that which had occurred in Japan had taken place.
On account of this similarity, it was stated that we should probably hear
of a great earthquake having taken place in or near that country on the
above date at 5.7 p.M. Four weeks later this was verified by mail.
Another instance occurred some weeks later, when our newspapers an-
nounced that a great earthquake had taken place and severa!l thousand
lives had been lost in Kobe. No doubt those who had friends and pro-
perty in that city were filled with anxiety. On this occasion the Isle of
Wight instruments were still indicating that nothing of the magnitude
described could have occurred. Later it was discovered that the telegram
was devoid of all foundation.

If we next turn to the scientific aspect of the proposed investigations,
we at once recognise the importance of the results which it is hoped may
be obtained for the hydrographer and the student of physical geography
and geology.

The greatest result which it is hoped may be achieved is to accurately
determine the rate at which earthquake motion is propagated over long
distances. In some instances the rates which have already been deter-
mined are so high, reaching 12 and more kilometres per second, that
the supposition is, that motion does not simply go round our earth, but
that it goes through the same ; and if this is so, then a determination of
these rates of transit will throw new light upon the effective rigidity of
our planet.
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