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I. On Seismological Stations already established.

INsTRUMENTS of the same type have been forwarded to the following
twenty-three stations :—Shide, Kew, Toronto, Victoria, B.C.,San Fernando
{Spain), Madras, Bombay, Calcutta, Batavia, Mauritius, Cape Town,
Arequipa, Strathmore College (Philadelphia), Tokio, Cordova {Argentina),
New Zealand (two instruments), Cairo, Paisley, Mexico, Beyrout, Hono-
tulu, and the last to Trinidad.

It ts expected that shortly instruments will be installed in Ireland,
New South Wales, and Victoria, and your Secretary has had correspondence
about the establishment of seismographs in other countries.

The following Report contains registers from the first eleven of the
above-mentioned stations, and reports from several of the remainder are
expected to arrive shortly,

The principal analysis of these registers has been made in reference to
the one from Shide, but as many earthquakes have been recorded which
did not reach that station, but were common to groups of observatories in
other parts of the world, it is evident that if similar analyses are made in
reference to other localities, our knowledge respecting the distribution of
seismic disturbances will be largely increased. Should any of the observers
who have forwarded copies of their observations to Shide consider it
advisable to undertake this work, it is hoped that this report wiil be of
assistance in carrying out the same.

The Committee thank the Directors of observatories in Italy, Germany,
and Russia for copies of records corresponding to those obtained in Shide.
For the purpose of seeing the installation in the Isle of Wight and dis-
cussing records, Shide has been visited by Colonel Gore, R.E., of the
Trigonometrical Survey of India, Mr. R. D. Oldham, of the Geological
Survey of that country, Dr. Figee, in charge of the instrument in Batavia,
Mr.l T. T. Claxton, Director of the Observatory in Mauritius, Dr. F.
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Owori, in charge of Seismological Observatories in Japan, Mr. T. Heath,
of the Royal Observatory, Edinburgh, and by many others directly or
indirectly interested in the work of this Committze,

II. Notes respecting Observing Stations and Registers obtained from
the same,

1. England : Isie of Wight, Neuport, Shide. Observer, Mr. J, MILNFE,

The continuity of records obtained from this station has largely been
dependent upon the interest shown in the work by Shinobu Hirota, Mr.
Milne’s assistant.

At rare intervals, usually in consequence of some irregularity in the
hand of bromide paper, the clock driving the same has been stopped.
Failures due to this cause have been extremely few. The greater number
of failures arise from ©air tremors,” whick during the winter months, in
frosty weather, and at night are frequent. Slight continuous movements
of the boom produced by these air currents have no doubt eclipsed many
small earthquakes, and have certainly hidden the commencement of larger
disturbances. These difficulties, which occur from time to time, and
interfere with observations for at least one month out of twelve, are not
likely to be overcome until the instrument is moved to a larger and better
ventilated room.

A pair of horizontal pendulums recording on smoked paper have
given records of the periods of earth vibrations.

The Shide Register.

The following register is compiled from the photographic records of a
Milne Horizontal Pendulum, and refers to E.W. displacements. The time
used is Greenwich Mean Civil Time. Midnight=24 or 0 hours.

Amp. = Amplitude, or half the complete range of motion. It is expressed
in millimetres. I mm.=¢"""5 of arc. Records of '3 mm. or Iess refer to a
mwere thickening of the line, and indicate half its width.

D = Duration expressed in hours, minutes and seconds,

1. T s == Preliminary Tremors, the duration of which is from the first movement
to the maximum meotion.

1. W. s =Large waves, and refers to the maximum motion.

Doubtful means that it is not certain that the record refers to earthquake
morion.

The instrument stands on a brick pier founded on the upended beds of
hard chalk,

: s |
‘ No. { Date Time of Com-

| | mencement || Remarks
L S e
1898.
: S T
170 . Feb., 270 11 7 44  Amp 25mm, D 4in.
170 ' Mar. 3 15 37 34 . Doubtful,
172 0, 4 165335 ! "
173, 4] 211346 | Amp. 25mm. D G
1T, 5, 16 85 12 | Doubtful.
175 ., 17| 16 44 22 | N
76 . 19 44529 | Awmp. 25mm. D 2m.
177, 21 22 51 50 | Thirteen small gronp wup to 1h. 30m. on 22nd.
; ? i Max. about Oh. 30m,
i

{178, 23 . 2048 6 ! Amp.Zmm. D om. i
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THE SHIDE DREGISTER-—continued.

X [ 'Lime of Com. ' |
. No. ' Date r;;zggﬂgg:g' | Remarks \‘

. L M. os | !
;179 1 Mar. 28| 17 44 28 | Amp.bmm. D 4m. I
; Py, 28 1s1L8s L, ., am. !

©o,, 28] 1821 6

o, 28 2341 5 |
P10 0, 290 0 511 |
!

.y " iR * !
s 20mm, o, 4.
Tm

: . " ) 1y M
b s 290 1333 0 | This is the first of at least 28 distinct disturb-
29 15 29 30* ©  ances, with duarations of from 2 to ¢ minutes.
o 29 15 45 38 Those marked with an asterisk commenced
» 291 15 49 48 |, gently, and the others abruptly. Thelargest of
i w 29| 1556 12% , the series is that at 15h. 56m. 12s., which has
o 20 16 13 16 i un amplitude of 1mm,, and a duration of Tm.
P 29 16 39 18 Other marked members in the series are at
Lo, 29 16 53 32 15h. 29m, 30s,, 17h. 28m. 2s.,and 18h. 54m. 33s.
: $ w 2900 17 3842 Many of thesc are of doubtful character.

i Lo, 20 17 13 B2
: Con 29 17 15 54
: ©o,, 200 17 23 2% |
T, 29 1727 6
(w291 17 b8 37 :
: 18 12 51 i

|3
S}

Lo 200 1827 6 .
b, 29| 18 54 33* |
» 20| 1985 14 f
w290 198817
20 12 51
, . 29 { 2027 6
| Lo, 294 2030 9 :
w201 2156 35 :
w290 22 140
w 29| 22 B 47
w 29| 2243 22
; w291 22 51 30
: w 201 23 0389

-
)
el

1R ¢, 301 12 7 0 | Amp. lmm. D 0m,

182 » 31 821 1 Maxima at 5°7, and llm, later., Amp., lmm.
| D 24m,

183 w 317} 11 24 56 | Doubtful. Amp. '‘5mm. D 10m.

184 , a1 13 15 42 | The first of a series of 22 very slight shocks,

ending at § p.M. Greatest amp. Imm.

. 81| 134512
s 3L 135926

w311 14 15 42
185 | April 3 7 38 35 Amp.'bmm. D 10m.
186 »" 4} 114211 ° , -25mm. , bm.
» 4 12 24 53 » hmm. o, 4
”» 4 12 39 8 s ‘20mm. "o
187 " 6, 1430 0 From 1330 to 1530. About 12 small disturb-

i ances; each commences suddenly. 'The one
1 at 14'30 has 2 max. each ‘bmm. D 8m,
188 ” 6 | 12 37 17 | Ten min, later a max, amp. 2mm. Small P.T.'s

ém. D 35m.
189 » 15 7 47 55 | 8ix min. later a max. amp. 2mm., Tm. still later
another, max. 1*5mm. D 54m. Small P.1.’s

[ 4m,
190 » 151 221531 | Amp.'5mm, D 3m.
191 » 181 17 51 31 |

! bR 1 1 h

M2
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THE SHIDE REGISTER—continued.
No. Date éTxxnn;z : efn? e(ﬁ:‘ Remarks
H. M. &
192 | April 23 9 849 | Five min. later a max. amp. lmm. Small P.Ts
8m, D 16m.
193 . 23| 235855 | Thirty-six min, later a max. amp. Grom. Small
P.T’s 26m. D about 2h. Commencement
! : earlier than noted.
194 » 25 17 35 27  Donbtful. b .
= = Six or eight similar
195 " g: 11 1417 | Amp. -25mm. D 5m.f disturbanges between
” o 12 25 10 ” " 111 M
these two.
196 ., 201 1639 4 Continuous to 17h.37m. 34s., with at least 7 max.
each Imm.
197 | May 1 1033 O Doubtful.
198 " 7 4 9 55 | Seven other small shocks up to 5.30. Amp.
25 to smm. D 2 to 5. All doubtfal.
199 ’ 7 6 4 6 | Thirty-five min. later a max. amp. 1'76mm.
Motion rises and falls every b to 9m. for 2h.
200 », 201 2329 5 : Amp. lmm, D bm.
201 » 224 1728 15
2] s
” 3'2' }g g(l) }2 | Amp. imm. and D for each about 5m.
202 w 2% 2250 O
203 s 220 13121 | Amp, *7TSmm. D 8m.
204 | , 30! 11654 . 25mm. ,, lm,
205 | . 80| 13054 W v e
206 . 30| 25604 " " ..
207 w30 4 18 b5 " ‘lmm. ,, 10m.
. 30| 530 0 . , bm.
208 , 30| 12 57 50 . 25mm. , 2m.
209 » 81 1 38 51 ' Smm. ,, 3dm.
210 {June 3 17 14 44 v " . 10m.,
211 " 19 7 8 60 ,w  25mm, »  Sm,
212 | ., 20| 18 52 47 . Bmm. , 6m. :
213 w 21 0 46 42 | Fourteen min. later amp. 2'5mm. Small P.T.s
12m. D extends 2h,
214 ”» 22 6 82 42
w22 7 14 42 From a series of 10 max. each with amp. -25 to
w 22 7 39 42 ‘s mm. D 5m.
., 221 9 T42
216 » 29| 18 48 37 | Fortymin.later amax. amp. 8mm. Small P.T.’s
9m. D 8h. The seismogram shows a marked
symmetry. Period of L.W.'s 23s.
216 | July 2 4 27 24 ' Max. amp. ‘5Smm. D 4m.
217 " 241 17 823 " . lmm. ,, 8m. Doubtful.
218 1 3| 214223 | Anmp.:Omm. D Sm.
219 , 12| 1030 0 | Max.amp.76mm. D 5sm Doubtful
290 | ,, 13| 23551 8 » . Smm.  ,, 3m.
221 n 14 17 46 15 " o 1'23mm, , 40m. SmallP.Ts 14m.
292 | ,, 20| 16 59 26 ., c75mm. ,, 45m.
223 | , 2L | 11 35 66 w . 25mm. ,, 4m.
224 n 26 23 21 14 Amp. ‘25mm. D 3m.
225 | Aug. 8 8 53 30 | Max. amp. lmm. D 35m.
206 | ,, 19} 15112 . . 26mm. , 3m
207 | ., 20| 16 419 | Amp.-25. D 2m.
228 " 21| 17 28 0 | Max. amp. 25mm. D 2m.
229 " 22 . 2339 3 " »  4mm. ,, 17m. Doubtfal.
230 w 3141 20 6 2 " »  10mm, » 8h. Smallest P.T.’s b,
Maz. 31m. from commencement, Shows sym-
- ~ \ metry. Period of L.W.'s 328,
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THE SUIDE REGISTER—continued.

'Time of Com-|

1
No. i Date i mencement, ! Remarks
HOM. 5 |
231 | Sept. 3| 16 4 48 | Max.amp. 1'25mm. I B6m.
282 " TR g;} Slight thickenings until 20h. Tm. 35s.
233 w22 12 30 841 ’ A series of 6 max. with amps. reaching 3mm.
w 22| 13 37 52 D for each 3 to 5 m.
234 , 25| 1251 50 | Amp.'5mm. D 13m.
935 | Oct. 11| 16 68 52 ! Max. amp. 3'Smm. D 1h. 40m. About 19
,  maxima.
236 ” 11| 19 26 38 : Amp. 2imm, D 2m,
237 . 12 1321 2 " v
238 -, 15 4 244 1 Max.amp. s mm. D Tm.
239 Nov. 17 13 20 15 »” . " IME o
240 | Dec. 1 12 48 16 l . - " ,» b5m. About 11 thickenings.
241 " 3 318 43 | Amp. 25 mm. D Im,
242 | ,, 3| 62583 N , D,
243 ” 3 17 42 26 « . . 21,
244 | 44 202040 { ” s 2,
1899. |
245 " Jan. 6 : 1911 @& ! Max, amp. '25mm. D 20m.
246 ., 12{ 856818 . . THmm, , Om.
247 ¢, 12. 9 226 . »  25mm. o 12m.
248 . ,, N4 248 55 ¢, » 2:5mm, » b0m,  Two shocks, the
! second from 3b, 25m. 30s.
249 . ,, 22 8 22 58 ¢ Max. amp, lmm. D 30m.
250 ¢, 24 24T 42 4, ,»  Omn. 5 B0m. Commencement
< and end uncertain.
251 . 30, 1R b5 62 Amp. '26mm. D lm.
og2 1, 81 11 22 47 | Max, amp. lmm, D 20m.
253 -3 17 32 381 » ,  25mm, » Sm.
254 | Feb. 23 | 18 47 23 w  a ibmm.  ,, 10m.
255 ” 26 18 47 29 » " lmm. 4 121,
256 s 27 10 12 19 " " 2mm. »28m. Two shocks.
267 7 . 27 15 26 40 . " 1mm, s om,
258 . 28 16 7 14 . Amp. 26mm., D Jm.
259 . ,, 28| 19 47 38  Max. amp. ‘7omm. D 15m,
260 s 28 23 1 5 . o 256mm. 5 bm.
261 | Mar. 6 15 32 52  Amp.26mm. D lim.
262 i 6 205231 » " 5 T,
263 » 7 131 1} Max.amp. 1‘6mm. D80m. Commencement and
end uncertain.
264 » 12 9 55 10 Max. amp. lmm. D 50m.
265 w 17| 19 44 48  Awp. 25mm. D 4m.
266 | ,, 19| 13 45 35 " ,, 10m.

267 w 21 14 58 47 ' Smm.  ,, 43m. Max. at 15h. 39m. 8s.
268 n 23| 10 45 16 o DI'bmm.  ,, 1h.38m. Max. at 11h. 16m. 16s,
~ Small PTVs 28m.

269 , 28 145741  Amp. 'Témm. D 44m. Max. at 15h. Om. 47s.

' Small I'.T.’s 1m. 2s,
270 " 25 14 53 19 | Amp. "bmm. D 45m. Max. at 15h. 21m. 1ds,
271 s 25| 2039 52 ; Amp. ‘25mm. D 3m.
272 | April 8| 11 1 6 | L smm.  ,, 12m.

The preceding part of this List is contained in the ¢ British Associa-
tion Report’ for 1898, pp. 179-276.
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In its original form the akove List did not contain records numbered
170, 173, 176, 177, 178, 190, 191, 198, 204, 205, 206, 208, 209, 211, 212,
218, 224, 227, 234, 236, 237, 241, 242, 243, 244, 251, 258, 261, 262, 265,
266, 267, 268, 269, 270, 271, and 272, The reason for the omission was
that these records were so small that it was not considered likely that
they would be recorded at other stations. I call them the subsidiary
list.

Between March 18 and 21 the original list was sent to stations No. 1
to 19,! and also to Strassburg, Padua, Rome, Rocca di Papa, Casa-
micciola, Catania, Potsdam, Nicolaiew, Edinburgh and Bidstone.

On April 14 the subsidiary was forwarded to Cadiz, Bombay, Toronto,
Potsdam, Rome, Rocca di Papa, Catania, Paisley and Kew.

The responses have, when necessary, been reduced to Greenwich mean
civil time, and are contained in the following tables :—

2, England : Kew Observatory, Superintendent, Dr, CuARLEs CHREE, F.R.S.

Kew has met with difficulties in common with Shide, but the tremors
have not been so frequent or pronounced. Why certain earthquakes like
Nos. 196, 207, 214, 220, 221, 235, 240, 247, &c., were not recorded, whilst
the amplitudes of large earthquakes are smaller than the same at Shide
and at the same time show phases of maxima movements farther separated
in time than they appear to be at the latter place, is difficult to under-
stand. The most likely explanation is that at Kew the foundations of
the instruments rise from an extremely thick bed of soft tertiary materials
more or less saturated with water, whilst at Shide the piers rise from the
surface of upended beds of comparatively hard, dry chalk.

The Kew Register,

Such a statement as ‘normal line or line, *2 mm, ; tremors, 0'4 mm.
means that the full width of theline (nof the half width) was 2 mm. when
undisturbed, but ‘4mm. when disturbed. In such a case the amplitude
would be § (*4—°2), or -1 mm. On the other hand, when it is said either
that ‘ max. amplitude = 00 mm.,” or ‘amplitude = 5-5 mm.,” it is meant
that the half width of the central line was 0'9 in the former and 55 in
the latter case. The ¢rue amplitude would be in the former case, say,
09—z, when 2z was the undisturbed width of the line, whatever that
mwight be at the time,

At Kew variations in the full width of the line from ‘1 to '3 mm. are
noticed.

Milne Seismograph slaried at Kew Obscrratory on April 19, 1808,

l Shid Time of
No. . “\}-1 ° Date ! Commence- [ Remarks: (1) - duration in minutes)
o i ment |
1898.
! S L S
1 195 April 25 11 59 | Characterslight. D=2. Faint tremors
11h. 14m. to 11h, 24m.
— s 28 0 153 89 Fairly well marked. D=12, Max,
: tremor 0-4 mm,

v See Drifish Assopiation Report, 1808, pp. 180-182,
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Tie KEW REGISTER—continued.

| Time of

.
No. i b]\%g]e Date ' Commence- Remarks: (D= duration in minutes)
P | ment
T ‘ T
: . . M |
3 0 — |April 20 | 8 57 |, Slght. D=2 Normal line=2 mm.
|  Max. tremor =5 mm.
4 199 May 7 | ¢ 40 Very faint tremors at intervals from .
: ; 6h. 4m. to 6h. 41m. Most markel ay |
1 ‘ 6h. 10'5m. and &6h. 39m,
5 1 - i 8 . 8 373 Slight. D=2. Normal line="'2 mn.
i Tremor =64 mm.
6 . — . 10 | 15 492 . Slight. D=2.. Normal line="2 mm. |
| Tremor =05 mm,
7 — . 11 12 31 | Slight. D=2, Normal line=-2 mm.
! Tremor = 04 mm.
8 — w 17 8 377 . Slight. D=2. XNormal line='2 mm,
! Tremor =06 mm.

9 — - 21 12 455 Very slight; little more than a broaden-
ing of 1he line,

10 | - W 22 01 Bis | N . N

11 — o 220012 430 " v

12 0 - .o 11 7 . . .

) 1 3304 o Q. !

1% _ " 'f.:, | '; l?g}, | Slight pulsations for about 33min.

| ;.‘. 3 21_.‘,} s Max. at 3h, 151,
’ b L30&sL e ! Boom ¢ off’ greater part of time. i

11 — June 1 16 182 | Smallmovement, D=3. Line="15mm.

: E i Tremor =04 mm,

13 210 -, 3 | 17T 107  Fairly well marked. D=8, Max. at

| L 17h. 14°3m.

16 ] — l - 13 14 228 ) Veryslight. D=3,

17 — T 17 ; 18 417 . 1] ” D 222;,"

18 211 E » 19 . 7 %4 : Little more than a broadeninz of the |

s : | line.
19 \ 213 ! w21 i 0 463 \; Fairly well marked movement. D=
: : i 648, Max. at 0-59'1, with a sudden '
[ ! | movement. Max.amplitude =09 mm. |
i i o =0"55, followed byslowly decreasing
1 % : ! tremors till 1h. 51-1m.
20 ' - . | 19 28 | 8light, D=4m. Normal Jine="2 mm.
| ! *  Tremor="4 mm.
; t 1A long series of slight tremors, the

21 4 21% n 22 6 b1 times given being for the commence-

! 70122 ment of the major movements, but
‘ 7 8969 there was almost constant movement
' till apparently 9h. G:5m.

22 , 215 by 29 18 472 The largest disturbance recorded here
during 1898, The maximum move-
ment was at 19h, 21:Gm., with an
amplitude of 55 ;am. =3"-36 of arec;

i ,  the next largest swing occurred at
. 19h. 26-2m,, with amplitude of
dmm. The movements grew smaller
and smaller untii 20h. 4-2m., but
there were numercus tremblings up
to 21h, 8-6m.

23 ; 216 July 2 4 254 Short, but well defined. DBegan sud-
denly, with almost no preliminary

i tremor. Max. was at 4h. 28-5m.,
with an amplitnde =06 mm.
2¢ | 217 ” 2 | 16 258 Very slight. D=4},
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Tng KEw REGISTER— continued.

.| Shide Time of | N
No. No Date Commence- | Remarks: (D «=duration in minutes})
' ment E
i H. M. %

25 (218 | July 8 | 1 4+3 | Veryslight. D=2

26 — . 13 | 18 30 . Succession of slight tremors, lasting for

| I 15m.

27 — , 15 | 22 93 | Veryslight; little morothan a broaden-

. ing of the line,
28 223 . 21 1 11 350  Very slight.
29— " ap | 14 "25 | Slght. D=3 Line 15mm. Tremor
: =3 mm.
30 — . 25 l 14 861 - Slight. D=7. Line '2 miz. Tremor
‘ = mm.
Aug.13-28 ¢ — Action of Dboom doubtful. ?Grazing
scale plate.

31 — ’ 30 1 15 393 Very slight ; a mere broadening of the

line.

32 230 “ 31 20 40 Large disturbacce, lasling for lh.

336m. Max. amplitude =05 mm.

33 — Sept. 3 9 03 Very slight. D=1§. Line "2 mm.

‘fremor "4 mm.

34 250 . 3 1a 540 Tery slight.  End at 16h, 14m.

B3 | 232 w 13 18 113 Very slight,

36 —_— .20 12 284 Very slight. D=1} Line -2mm, Tremor

' *4mm,
27 233 ! . 22, 12 465 Long periods of small swings, lasting
| from 12h. 46Hm. to 2Zh. 9-8m.
i Maxima at 1h. 10m., 1h, 39-4m., and
, 1h. 44'2m. Max. amplitude=10"-31.
38 | 224 s 25 | 0 503 | Small. D=13. Max. at 0h. 53m. Line
! ‘3 mm. Tremor ‘3 mm.
39 — w28 17400 ? Tremor or light flare. D=1%L
40 - n 29 14 48§ Very slight; just a broadening of line
l for 3m.
41 1235 ¢ QOct. 11 @ 16 &2 Fairly well marked period of smail
i swings, lasting 1h. 16m. AMax. at
' | 17h, 387m. and 17h. 43.3m. Am-
. i plitude =033,

42 ' 237 " 12+ 13 206 Small,  Preliminary tremors 2:5m. ;
. ' Max. at 13h. 235m., with ampli-
| } tude = (""30.

43 238 . 151 4 2380 Slight. D=3. Line i5mm. Tremor

f 5 mm,
44 239 : Nov. 17 13 ovE Movement well marked, but swings not
; large. Preliminary tremors 10-8m.
: Max. nt 13h. 46-im. and 13h. 58-6m.
: Total )= 53. Max,amplitude =0""G0.
45 | 240 Pec, 1 | 12 bl16 Very slight. D =24,
46 | 241 v, 30 8 13 Very slight; scarcely more than a
| ’ Lroadening of linc.
| ] 3 3 70 L) " "
1899.
47 Jan 6 19 570 Slight. D=15, Line ‘4 mm. Tremor
‘8 mm.
48 6 19 415 Slight ripples lasting, say, for 28 mins.,

with max. at 20h. 42m. Line -5 mm. :

Tremor 1 min,

1
i
l}
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T KEw REGISTER—conlinued.

. Shidc'i! !‘ Time of L _ |\
XNo. No. Date " Commence- Remarks ; (D = duration in minutes) !
i ment i L
- — ___.'_ — — ;
| ) H. M. | ‘ |
49 248 + Jan. 1t | 2 5¥2 | Well-marked disturbance. ¥irst max. |
! ll i at 3h. 26:5mn., second at 3n. 28'2m, i
[ i Max. amplitude 175 mm. = 1'°03.
| | i { Totalduration th. 113m. (Duration !
| ; t i of preliminary tremors 27-2m.)
5o (245 !, 22 ' 8§ 222 . Short, but well marked. Max. at
: . | : 8h, 29m., with amplitude 0'"77.
! i | [ D=2745 {Preliminary tremors 5:6m.)
51 | — , ., 22 , 1% 526  Slight. D=3, Line "4 mm. Tremor
! ! i 7Tmm
62 230 o 24-25 1 23 476 Large and distinct movement. First
, max. at Oh. 353:5m. on 25th, with
| amplitude £7-11; second max. at
i Oh., 42:6m., with amplitede 2744,
i The amplitnde exceeded 05 till
i ih. 10m., and then died down very
! graduaily,  Total D=2h. 6536m,
! {Prelimipary tremors 43'4m.)
63 251 w30 19 458 Only a broadening of the normal line.
54 | 2532 . 81 1 11 218 | A sbhort but distinet movement, dying
i | off very gradually. Max.atllh.2im.
I Amplitude =0"""30. D uncertain, pro-
: bably 21m.
55 {253 . 31 1 17 313 Tery small; just a broadening of line.
] ’ | : D from 2-4.
56 | — © Feb. 1 } 10 297 " " ”
| ' 12 427 | ” " »
| 13 40 » ” »
BT | — |, 1y 21 437 " - b
58 | — |, 2 1 10 428 | N N .
t I 11 169 ' s "
59 —_ W 12 1 12 120 [ Slight. D=2} Normal lire 4 mm.
I ! I Tremor -8 mm.
[ 60 1 254 , 23 1 13 495 1 Slight. D=6. Normal line '3 mm.
f I | i Tremor -6 mm.
61 | 255 | » 26, 13 490 | Tery slight; just a thickening of line,
| I ! i D=9%mm.
62 | 256 ) . 27 L 11 215 Small movement. I)=25. Line -3 mim.
{ | ! I Trace 1-0 mm.
63 | 257 ! w27 15 272 & Veryslight. D=3
6t ! — ! 23 i 7 T2 !Slightt D=8 Line *Jmm. Tremor
| ‘ L 8 mm.
63 1 259 » 28 | 10 48% ’l Slight. D=6, Line 3 mm. Tremor
; ‘8 mm.
66 | 262 ! Mar. G | 20 367 l Vory slight.  End at 21h, 9-2m.
p - -~ (A snort series ol small movements,
67 | 203 Lo s i ;‘%f. 'J lasting from 1h. I7'Tm. to about
‘ ‘ bl avs ] 2ho 1lsmo Maxoat Jh. G3dm,
! ! : ‘{ Lfne 2 mm. 'fremar '8 mun,
68 | 204 a 12 0V 9 B57 | Faint suspicion of movement.
69 — w 13 12 289 ¢ Small. D=2 Line'lmm. Trace 5 mn.
T0 — , 16 by o5 o, D=1i ,, 2mwm , -jmm
1T s 21 : 15 255 | Trare ratheriil-defined, focus not being
| good, but apparently lasted about
i 12m. Character slight.
72 — »y 22 22 157 Slight, D=4, XNormal line 2 mm.

i : | Trace 5 mm.
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THE KEW REGISTER—-rontinued.

Shid Time of \
No. ’\Tl & Date Commence- Remarks: (D =duration in minutes)
0 ment |
| C i
I h: SRS S
73 268 Mar, 23 | 11 05 ! A series of small swings. Total dura-
! ( ' i tion 45m. Nirst max. 11h. 202m.,
! ; second at 1lh. 222m, Max, ampli-
E y tude =0""30.
74 269 .o 23 153 0 4! Small. D=1835. Max. at 15h. 14-7m.
|
! | Line ‘2 mm. Tremor '8 mm.
3 — . 2t 4 53 6 Slight movementsonand off till 5h.30m,
! ; *  Line ‘4 mm. Tremor ‘9 mm,
76| 270 w 25 14 54 0 Distinct movement,
77 271 1 . 25 20 46 1 | Merely a broadening of the line.
) ¥ g :
: ’ (No further movements during March,
| | © 18990

3, Canada: Toronte, Meteorological Observatory.
Professor 1t, T, SrupART, Director,

The instrument has been moved from the small building outside the
Magnetic Observatory to the inside of the same. One result is that air
tremors have apparently entirely disappeared. The Observatory is
situated on a bed of alluvium, perhaps 100 feet in thickness and stretching
20 miles North, East, and West with Lake Ontario on the South. Beneath
the alluvium are granitic and other primitive rocks.

The purchase money for the Toronto instrument and the funds required
for the installation and maintenance of the same, and also for the installa-
tion of a seismograph at Victoria, B.C., have been provided by the Dominion
Government. The excellent series of results obtained from these stations,
amongst other things, throw light upon changes taking place along the
Eastern and Western Canadian seaboards. They have already attracted
the attention of scientific men, and will undoubtedly act as an incentive
for other Governments to work on similar lines.

The Toronto Register.

1 i A} n § . ‘—_- !
No. I| Sglie i Date (‘mﬂlnell??c{” l Maximum i End ], Amp. | Remarks
1857.
| | H. M. 8 ! H. M 8 ] H M S | ML
1 133 | Sept. 20| 19 24 0 — !Aircurrents' — -
2 —_ ' 21 — ¢ 53 30 — T— -—
3| — -1 15 1636 1517 0| 132016 03 —
4| — | Oct. 13| 20 05 30 — — C 02 —
b — » 13} 2214 O Thickenin'g of line. Dur. 4'm,
6{ — |Nov. 10/ 1458 0 |15 2 al'15 7 0,07 | —
71 — » 19 62119 6 23 19 |Aircurrents, -— —
81 153 Dec. 11 10 & 0 10 3 00,1036 0] 10 -
9| — | , 19, 1438 0 |1438 0ol — — —
10 | 156 s 28, 202437 |303140 205420 20 -
11} 157 . ,, 291 113229 |11 35 31 |12 83 0 | 69 —
1898,
12| — !Jan. 20| 0540505822|1 20,0'3[ —
13i161 | ,, 2, 01330 | 029 0, 1 3 0, 68 —

10
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Tixe ToroNTC REGISTER—continued.

i . |
jl.\’ bl;\}ge | Date Cm;g;i? €8 | Maximum End ! Ainp. . Remarks
‘ ) i, oM s I, oMoos |, M, 8 MM

14+ — Mar. 20 12 48 38 ' 1251 B|1319 0. 20 —

15 — | 5, 2 —— 20 18 @ — 15 -
16— [, 29 153530 11588 27! 154129 02 —
E 17 . 188 Apr. 6 12 44 40 ; 12 54 44 13 -3 12 50 | Well marked.
P18 : 189 ,, 15 Aircurrents; 7 26 40 'Aircurrentsj 20 | Well marked.
i ] : : 22nd.
i 19 — 21 22 4241 1 232% T 03943, 22 —
P Coo23rd, !
[ 20 193 » 22 23 59 50 034261 14912 39 | Very pro-

i ) 23rd, | nounced.

P21t 196 1, 29 16 28 20 | 1635 5 .17 946 72 | —
P22 199 May 7 6 042 6 16 40 lAircurrents. 52 | Large shake.
1 ) "

237 — ., 27 ff gg g;li 2 32 12 ' Uncertain . 20 ’ Moderate.

24215 June 20 18 43 41 18 55 18 | 20 43 41 | 16. | Very large.

i ! ; l | ~Avout
123 — " July 11 Small displa cements 20 h. and 23h. 15m. :
2 | — o, 9)  Uncertain | 17 2 33 ' Uncertain ' 10 e
C2T L — 0, 230 0231031 (2524 00,2330 0 O35 | Small but de-
! : | '. ! : P cided.
t28 0 — 0, 2+ 1956 54 | 1% 59 0 Uncertain. 05 |' Small.
29, - 0, 25, 15 3139 1539 0 I 16 40 0 10 Moderate,
: | ; ; ; ‘ four distinct
i i : i i ! shocks.
30| — - Aug. 4 4 521 4 521 42317 03 -
31 —

', 16 10 39 5 10 45 50 © 10 48 50 . 1-0 . Threedistinct
: " shocks.

3 20 17 53 21 320:2212 36 1-1  Series of

small shocks,

)
18]
o
-
(=]
-
:

¢ 33 231 Sept. 8 ' 16 17 22 16 18 30 ; 16 3L 20 © 02 . Very small.
.34 232 " 13 18 21 45 1915 44 | 2111 0 21 Mocderate.
135 — |, 25! 945 2 95332[10 1 0 03 | Small
(86| — |, 25 18 56 37 18 57 32 | 19 16 50 | O-7 | Small.

37 1 236 § Oct. 11 16 47 29 |17 29 30 17 47 20 ' 36 Large.
88 — -, 22 0 51 18 — ; — — . Very small.
' 39| 239 ; Nov. 17 13 946 [ 13 44 60 ; 14 44 2 P15 Marked.
P40 — o, 27 124 1 | —_— S i -~ Very small,
41 | — | Dec. 5 |A noticeable thickening iof the line at 16b. 7m.
| 42 | — ' 11 7 33 15 | -— —— . — . Decided, but
! . small.
43— 20 8 255 — — . — ., Thickeningof
! | : i the line.
' i o & 26 651 . ‘ "\ Twoverysmail
T i 540 81 . ‘”{i ones. «
450 245 Jan. 6 19 9 8 Uncertain 19 57 0 — | Succession of
I i | : i smallshocks.
L 46 | 246 " 12 347 50 — — 04 | Very small,
| ‘ ' i | i but decided.
P A7 | 248 Co 14 24218 . 257 6! 4 851, 32 Moderate.
’ 48| — ., 24 121489 | — — = Very small.
% 1899,
i 49 | 250 | Jan. 24 23 50 2t ‘ 01210 227 28| 946 Large.
| 80 | 252 31 - 11 386 0 | 11 37 12 1 12 22 42 ! 02 ‘ —_
i51 — :Feb. 7 192 4 0 — ° — i Minute,
i D2 — . 8 19 24 14 ! 19 84 23 1 19 58 14 | 05 Very small.
153 ¢ 254 ] . 23 ! Air currents, 14 4 0 — | 05 Very small.

11
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Tog TORONTO REGISTER—crontinued.
v O | :
No.! S;:}(‘lel’ Date ’ COY;IZE?CL— i Maximum |l End ! Amp. 5 Remarks
) 1 : e e D e
g ( i H. M. 8. l‘H. M, S, ; IL M. S.', MM '
T { 2561 | Feb, 27| 11 41 10 1142 20 } —_ ' 1), Very small.
551269 | , 9250 20 015 120 1 0l20 8 01 03 | Very small
56 (263 (Mar. 7| 113920 | 2 1 0! 21999 05 | Small
57 l 264 ; s 121 95211 } 968 7 1052111 35 f Moderate,
58 | 2662 |~ - b= = = =
59 | 268 w 23 134152 11 6 011 4152 00 Small.
60 ) 269 | » 23 ' Thickenin g of line at 140, 45in. 47s. | Duration, 20m.
61 | — 1 w20 5 918 © 51418, 03 | Verysmall
82 | 270 o 25, 1444 37 ' 1446 67 - | 05 { PP2s marred
| \ ' : ! i Dby air cur-
' | ! : { i rents,
P 631 — .l Apr. 5! 8335 38 Hnokemn« of line unc ertain. !
64| — |, 12 1735 0 1759 401984 3 06 | Small.
65 -— ; . 13 4 9 8 ; 411 0, 431 81 04 Very small.
661 — |, 14] 63643 1 7 287 7 745! 06 | Very small
671 — v, 16! 134839 14 248 .152210' 70 ! Large and
f | f ; ! | continuous.
68| — 1, 171 2 211 ;| 3 0 0, 3 050 06 | Seriesofsmall
{ : | i ' shocks.
64 —_ May 8 | 38022 ! 3510220 447 0 03 Very small.
0] —  , 12] 1544 5 1546 0 1554 0 04 | Small,
71l — 1 June 6 43842 ¢ 43415 7 3510147  Verylarge.
2~ |, 5] 1572 11316 01718 0 '100 | Very large.
Instrument put iuto basement January 19, 1899,
Double vibration of boom 15 seconds or the ssme as before.
4. Canada: Vietoria, B.C. Mr. . Bavxes Reip, Superintendnt.

Mr. Y. Narmzn DEx1sox i charge of the Seisniograph.

The instrument is in the basement of an old brick building with stone
foundation on the shore of the barbour. It is placed on a solid concrete
pillar; built on bed rock not wany yards distant from the water. I am
not aware that troubles arising from ¢air tremors,’ or other causes, have
interfered with the regular working of the instrument.

The Victorin DRegister,

|
(, ommence-

Shide l | Maximum g

¢
No if No. | Date ’ menb ' | Ending : Amp. | Remarks
1898,
| {0 § P S - i H M, S.}H M 8 MO ’ .
] f 235 | Oct. 31 | 16 44 34 | — —— -— | Faint curve.
2. — L . 220 040 0 — 117 0| 25 } Faint curve.
8 239 | Nov. 1713 7 0/ Variousphesldl.50m.| 05 | Series of small
N ) | i ‘ shocks.
41 «- Dee. 11| 65358] — — — —
5) 1, ! 71332 72 0, 9Iv 0 ! 12 | Mediam.
6l — 1, Lless 7 — — | —
7 — vow 1971017 ¢ !Tremors ex!tendmg 1500, 45m. Very slight.
i — 1 4 20 811l 0O — l — — | Minute  tre-
i i . { ' | mors,
el o — o, 2i12 00 — — - Minutc  tre-
’ ! j i ' I mor.

12
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THE VICTORIA REGISTER—continued.

173

' Letea s i
No. &112‘33? i Date COTH?E?CQ' Mazimum | Ending | Amp. ‘ Remarks
. I HoM, 6§ ! I M. 8 | H. M 8
10y — ,Dec. 23, 4 1 0 — — — | Quake in Vie-
'- ; ' { toria. Some
| f I sections  es-
i 3 | caped.
Also on Dec. 1, 13h. to 14L., and again at 19h. 40m. small shakes,
! 189s9.
11} 246 (Jan, 12| 33516) 336151 340 16} 09 | Small
12 ' 248 . 14 242 301 2 55 928 343 30 81 | Large.
13| — w 2320 0] — —_ — | Marked little
| vibratioans,
H 1 : 2h-
14 | — w 24011217 3091217500 122330 02 : Very small,
: 25th. . 25th. 5
13} 950 - ,, ., 12351 7! 0 538 3158 0 20.  Verylarge.
16 | 252 w 3111140 O .11 412611 46 0 01 —_
17| — Teb. 811938150119 35 0.:1940 0 04 ; Verysmall
18 [ 254 ¢ ,, 23|14 640 .14 833:i1412 5, Ol —
19255 ,, 96(14 62314 824141719 0! —_—
20 — ., 27| 1547 T |1547T 1711552 7 ol —_
21 1 259 w28 |8light thickening of t.be line 20h|. 5m. to 20h. 12m.
92 | 263 | Mar, 7| 11513 11615 | 21713 04 —
23 | 264 s 127 949565} 959 30|10 49 55| 04 —_
24 | 266 s 19 13 15 43 — 13 24 43 0% —_
25 ‘\}%Sf » 23 103647 |11 17 17 (12 4 37| 19 —
26 128 7 T wasol| — | — — | Very small.
27 | 269 ” o 14 B5520)15 511! 15 30 48 1-0 —
; 28 — » 24 519 39 520564 . 52715 06 —
20 | 270 , 25 (1446 25|15 012 1523 16 1-1 —
30| — | April 5| 8 18 O |Thickening; of the line|] — —
31 — ” 6 3 30 46 4 513, 43852 01 Very small
. . . shocks.
32 — w 1211747 41819 0 185935 05 Very small
‘ :  vibrations
from 13h
: 55m. !
33| — ¢ ,, 13| 38215 | 42559 512 28 ¢ (4 | Series of small |
| shocks.
34 — W 147 910 7 9 39 71620 | 04 | Very small
3B -- » 16113 42 30 Number of; 15 33 42 | —  Largeandcon-
; “ vibrations ; tinuous.
; : across slit
36 — w17 159 8 2 26 37 3 34 57 1-15° Medium,
37| — May 8 3453G| 346356 43531 01 : Verysmall.
38 — { , 1520 § 21 Thickening; 20 16 16 | — | Very small,
‘of the line ? may be air
) ; currents.
P39 — w 23119 0 0 [Thickening: of the li — —_—
' Alse Jan, 30 about 18h. 44m. 15s. a thickening of the line.
Feb. 27 about 10h, 12m, 0s. air current effect.

From January 7, 1899, swing was increased from 15 to 20 secs. March 25 boom
put at 17 secs.; ending March 4, 15 secs. ; April 1, 17 secs.; April 8, 17 secs,

13
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5. Spain: Cadiz. San Fernando. Instituto y Obsercatoriv de Marina,
Director, Commodore J. VINIEGRA.

‘When first installed the instrument at this station showed but few
movements of the ground, and these were slight. On April 27, 1899, it
was therefore dismounted, but set up again on the same day ; the position
of the balance weight being slightly altered and a more perfect equilibrium
of the boom assured. Its period is 16 seconds. Now it appears to work
better, but the vibrations are not very intense as compared with those
from other localities. This lack of sensitiveness may, Commodore
Viniegra remarks, be due to the foundations, in which there are several
¢ stone furrows,” surrounded with mud.

The San Fernando Register.

’ Shide ' Dato Commence-

No. ! No. ment. Remarks
1898.
! H. M. &
1 Feb. 18 ‘ 16 25 49 | Rapid barometrical fall,
2 s 240 10 54 49
3| 170 o 27T " Earthquake recorded.
4| 172 | Mar. &, 16 30 19 | Small movements up to 10h.
5| 185 | April 3| T4+ 4
6| 188 " 6! 12 36 49
71193 | . 22 236951 | Max. 23h. Om. 36:6s. Amp. 34mm. D
: 1h. 40m.
819  ,, 29| 163719
9| 199 A May 7 5 57 49
101 209 s 31 0 21 30 Rapid deviation of 4 mm.
June 19-July 21, main-spring of clock
4 broken,
11 | 230 | Ang. 31 “ » Earthquake recorded.
12 ' 234 | Bept. 13| 18 10 49 |
13 N 1919 4

September 20-24, not working.
14| 235 ) Oct. 111 17 2719

1899.

15| 245 (Jan. 6| 19 14 4
18 | 256 | Feb., 2 11 350 49
17 | 259 s 281 19 56 49
18 | 263 | Mar. 7 149 49
19 | 267 a 21 15 68 19
20 | 268 » 23| 11 40 34 | Rapid deviations to 11h. 56m. and 15h. 42m.
21 | 270 » 25 145219
April 1-4, watch removed and replaced by
an electrically moved pencil.

22 | 200 | June 5| 44055
23 | 291 » B 15 655
24 | 293 o 14| 1118 16
25| 299 | July 2| 125920
26 » 71 T 012
27 | s 7] 802
28 | 302 w Tl 9 042
29 | 306 o 11| 7056722
3| 807 . , 12| 14112
31 Co, 12| 11327
32| 808 | 14| 124630 |
38 171 517 0 !

14
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6. India: Madras. Director, Dr. C, MicHIE SMITH.
Dr. C. H. Michic Smith writes as follows :—

¢ The instrument is placed in the old magnetic room of the Observa-
tory on one of the old piers. The surrounding ground is mainly a stiff
clay which cracks during the hot weather, leaving fissures many inches
deep. The Observatory is on a plain, and is about three miles from the
sea and 20 feet above sea level. No air tremors were experienced during
the time under report, but the instrument gave a great deal of trouble
specially owing to changes in the length of the suspendmg silk thread,
caused probably by alterations in the ‘2mount of moisture in the air. The
instrument will be removed to Kodaikanal as soon as a room is ready
for is.’

The Madras Register.

Lani l Prelim, l e . l2o| a1 Final
No. ;SE?(;IE Date | Tremors | ;}}‘:;lh l 215?1231- g‘}; &lﬁ'gl‘ Tremor Remarks
J S0 begin { ¥ ! 25 ends
1898
1 PHOML R AL AL 80 IL M. R ] MM L ML s HD ML S,
11200  May 21? 171425 1720 1 i720 1 (75017 26 5 | 17 35 38 -
—— 1 201 - — ] 19 5+ O e 05 i 1965 U — —_
272107 — - N - - - N About this time
[ ! | [ i large number
i ‘ of small dis-
| l : turbances, but
‘ ! none character-
’ , ; istic of a true
i i shock—possibly
| ' theywere caused
! ; by a spider,
— | = | June 4 — —m — L= — — Instrument not
Am 1 | I working.
ng. | .
31230 | Aug. 31 20 2 5201235 ( 2018 0 10 | 20833 35 20 43 36 —
4! — :Sept, 9 - 4B B8 — |eos P danar . — —_
512327 » 13 - 17 41 25 - — | 17 85 &7 | —_— Very slight,
6 | 233 , 24 - 12 34 43 — —_ 12 30 13 —_ .
71— . 2 — eIt — — 123119, — -
3! - F0et, 1 -— -_i 27 :.H{ | 329 3 e 3 30 3‘1 ' —_— "
9 2352 ,, 1l —_ l 17 236 l — - 17 59 12 | — Probably due to
: | ‘ ! i ' _a thunderstorm.
10218 ', 15 — ! 35019 85225; 12| 35640, 4 G 2 ' Felt as a shock
i ) in N, India,
11| — [ Xov. 12 — 947 1 -— l - 9 48 31 | — Very slight,
121 — ¢ . 30 - 12B2BR[ .. o — [1235 0 — "
13§ 240 ; Dee. 1 12 45 14 E 12 5221 . 12556 9 10 13 8 43 i 13 911 —_
1) - | . 15 R A . — 121031 — Very slight.
sl — ! Tl 2 lmwmni — —~ 111, — .
1899
16) — "Jan. 3 [ - 12 A% 2 449108 1 2102 —_ —
17 | ¥51 w 30 i — 17 48 19 1 17 62 25 10 .17 67 1 — —
18 e Feb.. & — 1L 8205 14 18 81 1+ 52 46 — —_—
19| — O 16 41 6| 18 48 51 24 I 16 55 34 — —
20 -~ , 6 - 1882361837 45,15 1R 43 47 —_ —
21 | - o8 { — ! 20 4215 | 20 46 4 15 - 20 54 32 — —
22 — 7 4 - 4429 b 531,110 ; 518 — —_
M| — | o7 | — | 2837 203 7 25 | 2049 27 - Time slightly un-
certain,
24 | — » 8 — 050 1 05t 31 l 1 1 0 4 — —
25 L » 10 ' - { 13 #5 28 | 13 43 21 [ 1 ( 13 46 54 |~ 2

NoTus.—After November 12 the peried of the oscillation mayv be taken ag 16 secs, Before that time it
was less, but the exact period is very uccertain aud was variable.

15
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7. Bombay: Colaba. Abstract from Report by N. A, T, Moos, Esq., Dircctor of
the Government Observatory,

The instrument at the Bombay Government Observatory is installed
in a small isolated building 10 feet square and 14 feet up to the eaves,
which was formerly used for electrostatical observations. It has a gable
roof, and is well ventilated on all sides. On the west side, at a distance
of 40 feet, is a carriage drive leading to the Divectors’ quarters, and at a
distance of 70 feet in the same direction, and parallel to the drive, is the
main road outside the Observatory compound. On the east side, there is
to a distance of 60 feet open ground as far as the thermograph shed,
beyond which an open tract continues to the sea. On the north side
there is a small well and open ground for 120 feet, where the observers’
quarters are situated. Probably in consequence of a copious ventilation,
no troubles have been experienced with the so-called earth tremors.

The pier is oriented N.S. and E.W., and located in the centre of the
room. Its foundation was dug 5} feet below the flooring of the room,
which is 1} feet above the ground. At this depth a huge boulder was
struck, upon which was laid a bed of concrete 5 x 5 feet square and 2 feet
deep. Over this a mass of rubble masonry 4 x 4 feet and 1} feet thick
wag built, and upon this a brick pillar 1} feet square and 54 feet high.
On the top of this there is 1 inch of cement and a }-inch marble slab.
On the north side to carry the clock box there is a heavy table 3 feet
9 inches square. The Observatory stands on somewhat elevated ground
formed of basaltic traps, with their inter-trappean beds of hard red earth.

The records commence on September &, 1898. The period of the boom
has been kept at 18 secs., the sensibility being such that a deflection of
I mm. corresponds to a tilt of 0-38”. No difticulties have been experi-
enced in the working of the instrument beyond an occasional slight falling
of the boom, due, perhaps, to a stretching of the silk thread at the upper
end of the tie, The sensibility is determined weekly by observation and
by deflections whilst the film is in the box, thus preserving & photographic
record of the same. By stretching a fine wire across the slit in the clock
box an accurate zero line is obtained.

Regular tremors and pulsations are absolutely absent.

The list on the next page only contains records which correspond with
records obtained in the Isle of Wight. The complete Bombay Catalogue,
commencing on September 8, 1898, to June 2, 1829, contains 2,021 entries.
These refer to shocks which were local, and do not appear to have reached
Europe, curious irregular sinuosities varying in period from a few minutes
to an hour, sudden displacements or dislocations in the position of the
boom, and numerous thickenings of the normal record. The latter, in
some instances, may be the result of slight earth tremors, but where they
are continuous over several hours and have an irregular, bead-like
appearance, it is likely that they are due to air currents. Movements
due to such causes are most frequent at night. The cause of the sinuosi-
ties and sudden displacements is at present unknown.

In an official report on the condition and proceedings of the Colaba
Observatory, dated April 29, 1899, in reference to Seismology, Mr, Moos
says, that the seismograph appears to give every satisfaction. Ag first
tremors were absolutely absent, but they appeared in the middle of
November, and subsequently caused great trouble. To arrive at the
causes producing these tremors, Mr. Moos has instituted a series of experi-

16
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ments, and he has found it possible to suppress their existence by regulating
the temperature and draught in the room by four small kerosine lamps
kept burning between 8 p.m. and 9a.m. The introduction of these lamps
also results in giving the zero of the boon a fluctuation almost analogous
to that observed in the diurnal wave.

Excerpt from the Bowmbay Regisier.

No. ST pu4e f(ﬂﬁ;}ﬁ:wi Maximum End | Remarks
‘ 1898.
i . : CH. M. S, L M. 8 . M. S
;1232 Sept. 13, 18 53 28 -- _ 18 56 10 | Thickening of line.
, 2 ‘ 233 w2212 40 45 12 49 8§ 12 54 24 Eleven bead-like
: X movements.
o523 . 2512 1837 12 20 36 12 31 53 | Small disturbance.
P10 235 Oct. 11,17 2 386 17 86 42 17 45 57 | Earthquake. Amp.
C - | : 078,
b5 238 ., 150 34641 347 24 4+ 840 ZEarthquake. Amp.
) : ‘ | 203, Felt over
: ' : ' | Northern Bombay.
6230 Nov, 1710 1459 1334 0 14 39 10 Earthquake, Amp.
! . 380,
TO20 7, B0 21 433 — (Dee.l) 34923 Real movement
\ masked by feeble
; ; ‘ ' ' tremors. Also Dec.
: : s . | 1 from 12h. 43m.
i ! . ) : ' | 178,
2417 Dee. 3. 24958 .  — — 1 Dislocation.
CoB 244 T, 12028 5 - (5th) 315 58 Movement masked
' ’ , , | 1 by tremors,
1899. .

10 245 'Jan. 6' 1913 40 . —- (Tth) 445 34 . .
SILC 246 ) 11,19 23 4 - (12th) 41136 .
izt o, 120 933 2t - . - Dislocation with vi-
' | ( | | bration.

P13 248 » 13'19 41 37, - (i4th) 421 2 Jovement masked
. f ! by tremors. :
e b we 0y — — . Dislocation W, with
! \ ' n | vibration.

130250 + , 23125760, — — ! . "

C k6251 v, 300 17 50 16 0 17 58 31, 1815 28 Bmall disturbance.
17 lass D 1 122300 - — ' Dislocation E. with

| J ' ! vibration.

I8 233, 81 17 16 23 — ' — Thickening of line.
19 7 256 Feb. 27 10 42 20 — — Dislocation W, with !
1! 1 ‘ l vibration. l
P02 o, 27 I1b4050,  — — . " o

i 21 ! 259 W 28 w0 9 23 - | _— l I 39 ‘
122,263 'Mar. 7. 0 347. - 131 18| Tremors mask the
| [ L i ' | _ real record. i
t23 264 .« 121031 41, —- — ; Thickening of liine.

240268 0 L, 23 11 42 30 11 47 46 1222 4 Small disturbance.

8. India: Caicutfa, Alipore Observatory.
G. W. KUconLeR, Assistant Meteorological Reporter.

At the above Observatory, in consequence of an indifferent foundation,
dampness, the presence of insects, and from other causes, great difficulties
have been met with in working the instrument. These to some extent

1899, N
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have been overcome, and it is expected that better results will be
obtained.

The Caleutia Register.

" : |
Nn S&'iﬂ'(‘ K Date : Time | Remarks
| :
! 1899. i
! | H, M. H®. . M. 8,
; 1 — Jan, 18 i 16 12 2 I‘rd 16 50 10
| 2 w25 1 2L 57 B oo, 22 82 14
L3 Feb, 18 | 3 15 52 - ,, & 20 45 Amp.less than2mm.
|+ w230 3 3 m . 321 2 , Z2mm
L5 264 BAlar. 12 8 51 20 . ,, 10 41 3
LG 268 W 1wl 12 36 18 7, 15 8 58 ,, 2mm
T — .20 9 12 2 —
8 27 ', 2l ' 14 43 @ . 15 20 53 |
;o280 0, 23 . 13 12 38 14 22 53 ,, 4 mm. i
100 - b 24 11 583 47 ('Lbout) ;

The a.bove hn.ve been e\ctra.cted from a selccted hst of dlsturba.nces
commencing January 15, 1899.

9. Jave: Batavia. Magneetisch en Meteorologisch Observatorium.
Director, Dr. J. P, vAN DER STOCK.

Observations with the Milne horizontal pendulum commenced on
June 1, 1898. The period or time of double swing is kept at an average
of 17 seconds. Tt is installed in the magnetometer room. The observa-
tory is situated on & plain of alluvium. Difficulties arising from ‘air
tremors’ have not been reported from this station.

Tize Bafm i Reyu\ter.

; : I Commencement, ‘
! No. © Shide Na. P e e —— D ,
| o de Nao E Date | 'ﬁmall Pul- ‘ o ; Duration
; i ! sations : Maxnnum ‘
i 1898. i
! ' " PIL M, n. AL | B M
i - June 4 15 37 15 59 : 0 139 |
P2 , w18 8 o5 8 07T 1 0 BB
Lo e | oer . e423 0 68 012B
Loy 219 Do July 12 1 11 381 11384 | 0 65 ;
5 — A ¥ 11 328 135 0 32
I6 . Aug 1 16 68 — |0 88
L 230 -, 38l 20 18 . 20207 1 U l44
i 8 - Sept. 1 | 9 43 9104 - 0319
(Y - f w2 | 18478 . 18558 0170
LY e . x 8273 8 282 0 44
ol #2 - 13 4 s 2l Domle7r o 05TT |
.12 233 w22 1229273 0 12 291 : 0589 |
D18 - , 80 1 12 40 1 12 o320 58
b1t - Oct. 2 | 14445 . 14330 0234
o 10 — » 3 ; 0 485 ' — Doubtful
16 N w T BO2TT o 20862 ¢ 0218
y 235 . 11 16 497 1105
P18 238 OSSO R 42102 | 0180
;1Y - w 1510 543 10 559 ' 0 23
AU — 18 19250 1 19290 0 393

18
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THE BATAVIA REGISTER—continued.

I, i Commencement 5

No. . Shide No. . Date _ T Duration
; Sl?:go{;gl' Maximom - ]

| 5 ; Hoo M, WM. MM

21 Oct. 22 . 0 93 0105 0260

29 Nov. 2 11288 | 11290% . 1 01l

R —- W #5011 895 ,= — S0 08

2 - W 13 1 15334 | 15336 1 0102
23 234 ' A 170181260 5 13180 0376
26 : . 28 7 452 | T8 | 0 93
27 . . 29 22 340 29 364 | 0 94
28 Dec. 2 12 216 12372 5 0134 |
2 213 ., & 16 599 . 17 06 0 290

000 . ’ . 4 7180 724 1 0 90

31! , 6 7 438 | 7402 0289
n2 w B 10 286 10 28-8 0o 21
53 | - , 6 13 315 - 13 348 0 228
G s 10 3 07T 3 17 ( 0 60 i

85| .1 21l 2135 | 0 T8

36 ’ - . 17 1511 1512 0 06
27 : . 21 3528 3835 1 0 24 I
a8 5 , 22 9 29 9 49 1 0298 |
39 .28 21 560 l 21562 | 0 o7 f
10 - Y 2 446 2449 0 11
11 | o T $160 | 925 | 0117 |
1899. '

A2 247 . Jan. 30 % 43 8 8% O 190
13 264 ;' Mar. 12 — Y10 8 0250 |

Nos. 15 and 19 were also recorded by Ewing’s Dracket Seismograph.
Nos. 1, 4, 5, 6,12, 15 and 19 were also felt at different places in West
Java and Sumatra. Earthquakes felt on the Eastern part of the Archi-
pelago (Moluccas) are not yet regularly recorded.

10. Mauritius: Royal Alfred Obsercatory. Iirector, T. F, Craxvox, F.R.A.S.

The Observatory, in lat. 20° 5’ 39”8, and long. 3h. 50m. 12-Cs. E., is
situated on a platean about four miles from the north-west coas:, and
180 feet above mean sea level. The soil around the Observatory varies
from 3 to 14 feet in depth, below which is solid basalt. Kxtending for
about half a mile to the west is a forest, thickly wooded with thin acacia
trees, and to the east ave principally fields of sugar cane.

The instrument is mounted with its boom pointing north, in a small
liut containing two brick pillars, formerly used for the electrometer. The
building is 8 feet long by 3 feet wide, and 9 feet high. The roof and
walls are of wood, covered on the outside with painted canvas, while the
floor is of concrete, I am not at present in a position to state whether
the foundation of the piers is on the solid rock, though it certainly is not
more than a few feet above,

Observations were commenced in the middle of September, 1898,  All
the seismograms have been tabulated and subjected to analysis, and the
vesylts will be published in due time; they show principally five
things :—

(@) That there is a large diurnal variation in level (probobly larger

N2
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than at any other observing station) with a marked bi-diurnal effect, as
shown by Bessel’s interpolation formula, which for the months of October

1898, to March 1899, is
261 sin (84 295°47/) + 073 sin (20 + 331°-57") 40”30 sin (30 + 272°-57"),

indicating a possible connection with the atmospheric pressure; the
formula for the diurnal variation of which is

0-0108 in. sin (8+49°32')+0:0285 in. sin (294 163°2)
. +0:0020in. sin (394 26°4").

(6) That rapid changes in the vertical occasionaily occur on a large
scale, notably on 1898 Decewber 5, 6 and 7, and 1899 January 7, and
February 10 and 11.

On December 5 (see diagram) after a dry period for a few days, a very
heavy cloud formed at about 11 A.M. ; its eastern edge was clearly defined,
and extended for about a mile to the Eastward ; shortly after noon very
heavy rain began to fall at and to the west of the Observatory. The
effect on the seismograph is seen in the accompanying diagram.

Fic. 1.

T

a-30 9-3r

7.30 Jec. 5 /898 j % ,/
s 35 Ve 7abulziions . :

(¢} That air tremors occur every night, in spite of every precaution to
ensure copious ventilation, and the prevention of convection currents.
They begin at sunset with small movements, which rapidly become larger,
but, although of variable amplitude during the night, do not show a marked
maximum : they finally die away at sunrise. As a general rule the
tremors are greatest when the fall of temperature during the night is
greatest ; but this is not always the case.

() That on almost every day the westerly movement of the boom
exceeds the easterly, indicating a gradual sinking of the land west of the
instrument.

We must conclude that this movement is only local, for if the whole
island tilted in this way as a rigid body, land would appear on the east
coast, which was previously submerged, and vice zersd on the west coast,
and up to now I have been unable to obtain evidence that such a thing
has taken place.

(¢) That the earthquake effects are comparatively small, as will be
seen from an inspection of the accompanying list. This makes us question
whether it is possible for the ocean to act as a damper to earthquake shocks.

When rocords are forthcoming from Honolulu we may learn more of
this subject,

Beside the above five phenomena, there s another irteresting poiat to

20



ON SEISMOLOGICAL INVESTIGATION. 181
be considered : the variation in the scale value of the instrument. As
the boom points to the north, an increased senslblhty means that the
boom pillar has tilted towards the south, and vice versdi.

In the following table will be found the smoothed scale values for
every four days from 1898, October, to 1899, January. (A bar represents
an adjustment.)

Value of 1 Mill.

L

October i

Day ) November December J anuary .
! |
4 t 33 i 38 25 32
8 : 32 : 50 ' i3 41
12 t 31 a7 (g 50
1 16 ; 30 36 | 33 l 58
20 ; 25 28 32 | w5
21 i 18 26 § 28 k 33 ;
28 w1 25 | 2 33
32 16 25 o1 33

If the above f' igures are plotted down on a curve, after allowmo' for the
alterations for a(]Justnlent it will be seen that the boom tilted towards
the south till November 25 ; was then practically stationary till the
middle of December, after which the tilting continued towards the south
till the end of the month, when a northerly tilt sebt in, lasting till
January 16, after which the boom was stationary.

Mauritivs Register.

No, ! Sll\]:lde Date _ Lommence- i Maximum Remarks
. ment
1898.
H, M. E E oM, 85 1 Al [
i1 —_ Sept. 14 | —_ 1t 1389 274 Commencement 1h.
’ + earlier? i
21233 w22 l - 132 50 25 0’45, :
3| 238 QOct. 15 4 612 410 0 E 015, D 22m.
4| 239 Nov.17 | 134523 | 14 2 0 066 D 4Om.
5|2407 | Dec. 1 | — 0 58 43 | Karthquake?
61 2441 , 4 73 0 TH 0 0712, D 4hm,
: ! I About i
T — , 11 - 7T 030 736 5 | 0738 D 1h 22m. (See !
| . Register for Toronto, Vic-
i toria, Nicolaiew.)
1899,
812580 | Jan. 25 — 11545 | 07-99.
i | ; and )
9. — w —_ 119 0 Irom 6.30 to noon, about
l ! 20 small disturbances. One
! i about 9h. looks seismic.
110 263 | March 6 — 23 20 0 | Slight thickenings of the
| i to March 7 line,
! 1 35
11-: 264 y 12 — ‘ 8 20 O Slight thickenings of the
‘ line,
i ¢ 10 -JO 0

21
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11. Cape of Good Hope: Royal Observatory. Director, DAvip Giiy, Esq., IV IS,

The instrument was mounted on a concrete pier based on a rock
foundation, and was experimentally started on June 20, 1599.

At first difficulties were experienced in attaining the necessary amount
of sensitiveness. There appeared to be a large amount of friction which
prevented the boom swinging freely. This, however, was remedied by a
readjustment of the balance weights, and the instrument has been rve-
cording with oceasional interruption since July 11.

The principal events so far registered are as below, the times being
referred to (ireenwich mean civil time,

The Cape LRegister.

1899.
1. July 14—
. M.
Preliminary tremors . . . .13 472
Commencement of decided motmn . . 14 172
End of decided motion . . . 15 320
Maximum amplitude, 3 m .
Also recorded at Shide.
2. July 18—
H. M.
Preliminary tremors . . . 2F 146
Commencemert of decided nmtmn ) .21 180

Maximum amplitude, 3 mm.
Times of maaxima, 21h. 23-2m., 21h, 34-4m.

3. July 20—
Slight tremors from sbout Oh. to 7h., commencement and end not weld
marked, More violent disturbance for about I0m,; maximum dis-
Pacement 23 mm, at Sh. 40m.,

4. July 20—~
Disturbance commenced at 1%, 17m. The motion subsided from
19h. 26'8m. but restarted at 19h. 44 21m., axd finally ceased at 19h. §%-5n:.

5. Ju]y 2y —
Disturbance commenced without preliminary tremors at 15h. 47Tm.
Maximum <displacement about 24m. after commencement. Greatest
amplitude of swing, 9mm. Totul duration, 45m., with calm interval of

N or v
10,
6. July 31—YViolent disturbanee.
H L
Preliminary tremors . . . 2425
Commencement of deeided mohon . . 2 460
End of decided motion . . . .3 B9s

The early part of this disturbance shows signs of a periodic character with a
period declining from about Gm. to about 3m. The latter half is much more
irregular in formm. Well-marked maxima at 2h. 47m.,, 2h. 52m., 2h. 57m., 3b. lm,,
3h. 4m., and 3h. 25m.  Displacements from centre amounting to 20 mm.

sevcral insignificant disturbances have also been recorded, besides those guoted
above

22
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12, Russia : Nicolaiew. The Observatory.
Director, Professor T. KorTazzI1.

The Observatory of Nicolaiew (lat. 46° 583, long. 2h. Tm. 09s.) is
situated on a sandy hill with geutly sloping sides at an elevation of H0m.
above sea level. The streets of the town are at a distance of 150m., and
the railway more than 1 km.

Tlie von Rebeur Horizontal Pendulum, with its photographic regis-
tering apparatus, is placed in a cellar on a pillar isolated fromn the walls
and the floor. The pillar is built of large blocks of very cowmpact lime-
stone, covercd with tar to prevent the absorption of moisture. The annual
change of teraperature in the cellar does not exceed 4° R. Diurnal changes
are not perceptible. A deviation of 1 mm. in the position of the light spot
indicates a tilting of the pillar in the direction of the meridian of 07-012,
The recording surface moves at the rate of 22 mm. per hour.

The Nicolaiew Register.

The times for commencement, reinforcement, maxvimum, and weakening are
indicated in Greennich mean civil time :—% wmplitude == Sa in millimetres. D7 s=
duration of prelininary tremors.

- =Rhi 0 e-+ Red re- . Weak- | Dura- o) e,
‘No. hide Date Hommence-- Reinforee CMaxinmm o da k- 1T PT.s: Temavks

No. ' i wcent ment ' eniug[ tion ;
i , ! [ : !
1898,
[ PR WM. M. M. E MM I HOW L
1 — Mar. 8 REESTH B2 305 45 — 036 T8
- NI VI I 131 13 20 4 — 013 B
v - , 25 10w b s o )
L VY 19 5% 9 2031 258 8 ,

A S W 20 9 4 Ty B 55 10 7T u40 3 '

5 — 1, U8 15 3 15 695 0 15 2 w5 16 9 115 . 225
! f T I} 7% 0 019, ‘

P s, 182 L 811 8 w2 & 50 4 & 3l 4 0 - 10380 8 |
7 18! Apr. 3 6 53 — N 11 : P—10 8. — ‘
s 18, 15 7s0 o — L ogosr om0 — o — |

Po — Toati o2 48 23 575 . @3 22 16 . 9352 0244, b i

o — l I A Y23 58 10 —_ — — ! Pendulumn in- i
15 19 , 23 — 02 0 45 38 1870337 -~ , clined8mm, !
1 195 W 250 10 13 11 19 11 AL 9 1149142, 85 <o The 8, !
13 — w U8 1197 16 445 14 5¢ . TS5 0 — | 057 Qi

14 198 Y I IR 3§ 4L i

P ; ; 17 2 .17 7 2l 117471292 145

P15 199 | NMay 7 6 4 o 6 11 8 38 -5, 71228 7

TYWo— 0 L, 19w 35 . 8 30 9 42 ¢ 45 — 08y —

17—, w22 2 23 4 — 120 —

1 — gume 1, A 47 |5 52 | 5 54 6 8 710487 R

D19, 210 w B 1§ 57 — 117 0 5 ¢ — 0w — i

by v wo G 14 37 —_ 19 58 ’ 5 — ;021 21 P.T.sfollowed

21 218 W 20 O3 0415 . 0 4k 58 - 04 - hy a single |
SRR ¥ S TN S - 1 T, 78 17 748 : shoekat 191, |

‘ | ; b LT B i 785 3 1| — 501, ‘

fey — | ., 28! 23 o8 — 9y 47 2 e= o0 BB
241 215 L, 2w 18 42 18 30 18 B9 50, — o — 12

» ; ‘ S 17 Pl — . 345 )At 1sh, 50m,

L25: 216 % July 2 1 22 14 28 4 95 ] = 15 | to 19k, 7ra,

U T F T R A 19 41 5o — o' — | and  1ah,

R Lo 0 48 0 54 ] = 0 — T, to 19h,

NI 117 300 17 4B 17 82 1o ¢ o— sz, 15 | eam. ihe

cap ! — W 15682 6T 6 T R lu 32012 traces  are

B0 2230 Aug. b 8 85 8 1t 8 b4 T 017147 | 19 searcely
Moo— . 0 #h | -y d 6 - e — visible,
L S U I U e leoa0 25, - |u 75—
KESEEF ) SV I —- 20 42 2 i -— .03 — ;The photo-
3 -— - Seph. 1, 9 11 1 9 20t 9 3 22 1010722 9 0 gram indis-
BT S e 2010 1§ s 19 24 71947 ! tinet,

, | P =8, — L8t —
a6 28l - 857 15 32 1 50 16 @ 71 — 120 —
HY S - EE RV 1 SR DT U S (. S A1 ) (VR | ;

[ K Pl 12 i — [ 188, — |
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THE NICOLAIEW REGISTER—continued.,

| oros . . !

Shide Commence- Rleinforce- ,
ND'\ No. Date ment l rent Maximnm
. !

i 1

. M., .M, n, o,

38 ] 233 | Sept.22 12 44 | 12 53 13 19
30| 231 W 257 12 25 1 1% a4 ! 12 037
40 | — » 261 92 376 — 22 42
4l | — o 275 42 — 5 32
42 | — . 800 1§ 3s 16 51 16 57
43 | — Cet. 1| 15 4 —_ 15 58
44 | — w 7 g & - 2 44
45 1 — W B 238 405 — 24 138
46 | 285 o 11| 16 485 . 16 593 | 17 7
a7 | — . 121 922 11 — 22 17
48 | 238 w 15 3 28 4 5 4 10
0 1

49 | — s 181 19 865 20 5 0 93
50 | — o 2 0 135 0 28 | 0 32
0 40 ' 1 0

51| — | Now. 0 11 50 ; 12 14 12 18
52 | - w 9. 18 47 | — i 18 48
531 — v 79 o7 omes ' 7 42
siloese| o7 13w w1 1oy

[ o 17 i

55{ 240 | Dec. 1 12 42 . — 12 54
56 | 241%;  ,, 8 ¢ 18 — 6 19
57 | — |\, 4l 7 87 | - 4 5
58 | — w B¢ 8 10 — 8 20
59 | — w B 13 5T — 14 12
60| — ¢+, 1 8 7 28
; 7 48

61 — ” 16 58 17 95 : 17 12
20— . 271 18 1 —_ 15 4
1899.

B3 1 — Jan. 3 6 49 | 7 17 ' 719
84 | 245 " ﬁl 19 2 | - 19 46
65 | 2477 w 12 & 87 8 48 8 50
66 | 248 o 14 2 5§ I 3 0 3 32
67 | 249 » 22 g 10 — g8 2
68| — w 2 2 135 ’ 2 19 2 29
0 42

60 | 250 w 24 923 575 . 0 15 0 12

» 25 | 0 8 1 2

70| 2513, @0 17 595 ¢ — 18 25
7 2537 o 3 17 1% 17 14 17 15
72| — Feb, 10 4 145 4 24 4 27
73] — ,» 11 8 17 8 34 8 40
74| 258 w 27| 11 315 . 11 34 11 a7
% — w 98 3 651 3 22 332
% — Mar, 3 o 5 | 0 545 0 56
77 | 262 w 81 92 30 . — 20 3t
78 963 w 7! 1 5 | 115 1 o2
. 1 39

70| 2064 » 12 9 415 10 7 10 11
10 24 | 10 27

Lo

1
|
| —
29
122
i 5
[

7

T
e

—
a1 IO

:G:.."‘,-G‘-C-'-
5 &

—
o

]

shch

f=r R e S
o™

&

—
N k)

[
=

i
N R
ohoén

— )
LR R §
[

MM.

!Weuk- Dura-
ening ; tion
1

ML ML

i 14 10

I

-

[ ]

19 57
8 59

3 20

i
.2::
{
H

—
wl
3

cCHOOOS LS WD
o
L2

SO O

H. M.

2 38
1 7
018
010
d a2

I8

U8

mately, but can be obtained with greater accuracy if required.

13. Potsdam.

Professor Dr. Eschenhagen, of the Konigliches Meteorologisch-
Magnetisches Observatorium, in place of a list, kindly sent me photo-
graphic copies of the various seismographic records he had obtained
between October 2, 1897 and Jan. 6, 1898, The observations were made
by means of a conical pendulum, carrying a small mirror on a glass boom,
20 cm. in length, and held horizontally with a glass fibre.

Out of forty-three records, on dates between March 3, 1898, which
corresponds to the commencement of this year’s list for Shide, and
January 6, 1899, there are twenty-nine of them corresponding to the
Isle of Wight observations.

In the discussion of registers the times of these are given approxi-
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MAZELLE, Adstron.- Meteorol. Obscrvatorium, Tricste,

ON SEIMOLOGICAL INVESTIGATION.

. Lcerpt from the Trieste Reguster,

Observations eorresponding i these in the Shide list, made by Ierr EDUARD

Lendilum,  DPhotographic record.

185

dtebeur- Khlevt Ilorizontal

to

=1 0 OT e OO

[o o]

10
11
12
I 13

Shi
o, © hide

No.

255 1 Febh.

237
234
260
263

Date
Jan. 22
1 ‘—)1 ‘!
s 20
206
w 27
, 28
. 28
Mar. 7
» 12
w19
. 21
. 23
, 20
L e

Commence-

No.

shide| p,
1! — | Mar. 28
2 180 » 29
3., — § April 3
41 196 s 29
51 200 | May 20
6 - » 21
T — w26
8 — June 4
9| — | July 21
10 — W 29
11 | 225 : Aug. 7
12 —_ . 19
13| 228 o 21
14 -- { Nov. 7
15 — i o, 2
16 — | Dec. 31

Remarks

. mencement

~ complete

- semschaften  in |

" publications.

. © Range .
ment Alaximum oo q g End
1899.
LML H., M. MM, 1 H, M. :
8 15%5 s 2LaT A0 2020
23 5838 - 0 4586 33 ' 2 3570
0"5) |
13 4836 1 14 077 8 '
15 2828 . 15 10565 +o
9 5020 20 454 5
92 42:83 23 1452 2
1680 © 1 42:88 105 2 1978
: O ;
O 5310 10 TAT O 1306 0 11 0 abt,
(U"34)
1 2429 — 2 1 2566
L4663 15 2225 | 55 |
| (0"-16)
10 4280 11 512 | 58 | 12 0abt
L (0718) :
11 29996 1L 4769 . 85 15 3045
(D"708)
14 5348 14 5531 15, 15 4632
(0'32) |
15, The Bidston Reygister.

1898.

Remarks

Moderate disturbance abous 23h. 44m.

Continual slight disturbances thronzi ont thix period.
smallness of the time scale prevents exact jdentification,

Trace lost by clock failure.

Slight disturoance at
At 234, 30m.,

Commences at 15b., with max. at 17h. 30m,
recoré for 22h. H0m. may have been recorded, but it is

about 17 hrs.

Max. at O, 1lm.,, and «light 1ill 2h. 15m.

Thetim2of com-

is

thatof the pen- .
flulum tirst set
in motion. Yor
re-
cords  scc A,
dkad. der Wis-

Wien, Tebru- l
ary 1809, and-
subsequent ;

Darwin Bifilar Peadulvm vecovds, from the Liverpool Observatory, Bidston,
Bivkenlead, Cheshirve,  Dircetor, W, T.. PLUMMER, Esy.

The |

The Shide

mixed up with an alteration to detcrmine the time scale. |

About 22h.

. Yh. 50m. slight.

Very slight,
10h, a disturbance.
8h. to Sh. 30m.

Considerablie disturbance.

16h. 50m, to 181
[2h. slight.

18h. "

6h, 20m. to 9h.

25

Trace off the scale.
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THL B]’DSTO\T RLGISTER—cantumefi

Shide .

P Noo Twg i Duate Remarks
| e o - - .
‘ 1899.

| 17 ' — i Jan. 26 | 13h. to 14h. tremors.

18— j Feb. 9 18h. 30m,

S1y bo23d b, 23 12h. 50m. sll'fht

|20 -~ — Slight. ;
a1 ’ .

l 22 | Mal 2 ' 12h. to March 3 ?hr.  Slicht trcmors, clearty marked.

1G. The Edinburyh ]m:/iat(’).

Observations at the Rayal OQlservatory, Edinlwergl, with o Darwin Bidlar
D nrlﬂlﬂm, Lm'rr/w Dr. R CorBLAND,

. No. h'lljf)de | Dute 5 Time Remarks
i 1898.
! 'OH. L .
{11747 Mar. & 17 11 Sligrht tile to South. '
{2 179 . 28 18 25 | Very slight tilt to South.
\ y
i3 1807 . 29 15 1 “ . ., North,
I S 5 < 1 I 115 S
. :} 189 Apl‘ll]o TR, ” osullatmn just pcrceptlble

NII. Thomas Heath, who is in char«e of the 1nstrument states that
only one of the above coincidences is of an oscillatory character. A
number of tilts and slight bends were recorded, but only one of these, on
April 23, from Oh. 18nm. to Oh. 36m., was oscillatory. The bends and tilts
were most numerous in March, April, and May. From May 30 to
November 11 there is pract.lca.lly not a trace of any kind of disturbance.
From the latter date to the end of the year the number of tilts is small.
A second pendulum was placed in position on May 14, and a couple of
thermometers were installed in the pendulum chamber on May 31, They
are covered by an earthenware dish. Between \I*w 31 and March 20 the
maximum temperature was, on September 21, 632 ; the minimum was
51°0 on February 26.

17. Excerpt from the Rocea di Papa Register.

Observations made ai the R. Osscrratorio Geodinamico di Roccw di Papa.
By the Director, Dr. AD0LFO CANCANL

Horizontal and other pendulums recording on smoked paper.

. - . ]
. No. b:}\}ife | Date : Cm:i;::ﬁ?u% [ Blaximum i End !
1898.
! ! COM, M. S | H. M. R IL. M. S,
1 189 April 15 754 0 8 2 0 820 0
2 19! — T 23 48 40 023 0 03+ 0
3] 195 | s 23 ¢ 1140 O 0V 1142 0 ' 1143 0
¢ 7 196 s 20 16 40 © i 16 45 O 17 18 O i
5 182 4 AMay 7 6 530 611 0O 653 0
6 ' 2183 , Jupc 21 05320 | 038 0 1 3 90 1
70 214 |, 22, 645 2 | 64518 655 0 j
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THE RoccA DI PAPA REGISTER-—oonfinued.

| No . S:}:Il:ie Date leﬁ]}ﬁﬁgce- Maximum i End
! oM. S0 f MM 8. D I M. s,
& . 215 ! June 29 | 1848 42 18 59 about 100
9 206 July 2 7 419 0 421 0 £ 48 0
10 230 - Aug. 3l 20 340 2031 O 21 30 O
11 232 | Sept. 13 18 11 38 18 11 53 18 13 30
2. 233 1, 22 . 1258 0 13 33about 1+ O O about
13 233 0 Oct. 11 | 16 50 35 ' 1732 0" 0 18 0 0
1 239 Nov. 17 3 440 | 184630 - 1t10 0o
1899.
15 245 Jan 6 - 1949 0 19 52 30 20 0 0 about
16 249 ., 22 5 16 10 8 20 40 827 0
17 250 - 2 00 0 - 080 0
T 113 0 152 0 215 o

18 263  March

None of the very small disturbances on the supplementary list were

recorded.
18, Lxcerpt from the Casamicciola Register.

Llecords received from Dr. GIULIO GRABLOVITZ, Director . Osservatorin
Geodinamico di Casamicciola, Isolia.
Records from horizontal pendulums recording on smoked paper are marked.
1LT.; and those from the Vasea Sismiea, V.8,

Shide E

1 .
' No No. Date ! Coxlillzrgme-' Maximum End ' Remarks
| 1898.
k ' M. M s, 1L AL w. o HOOM. S,
1 188 April1s - s o oo 8§10 0 P
i 193+, 22 93 30 — 050 0 ILP. The V.8 com-
: menced at 23h, isn:,
’ ‘ ¢ 46a.
T - , 24 | — 025 0 l e LD,
: ‘ [ and i
033 0 :
401G P, 20 18 58 o — 1T 8 0
5 vy May 7 633 0 m © 638 01 ILP. V.8 from 6h. 24m,

: ‘ 36s, to 6h, 26m. Ys.
6 214 " June 22 | 6 51 AR e < — By several instruments,
: i ‘ ' Durationseveral mins.

E
'
I
!

: Origin, Greece.

To— -, 20 1220 0 - — . H.P. feeble oscillations.
3t and | i V.S, from 18h. 47m.
P 18 50 O | | 47s.

8§ 216 , July 2 - 41912~ - 4 30 0| Various  instruments.
| ; : : ‘ | Strong.  Origin, Dul-
i ) i |  matia,
po@223 . 21 {1131 0O — '11 41 0| ILD.

i 10§ 230 i Aug. 31 120 8345 2030 0 21 O O l
11 | 232 : Bept. 13 " 18 12 0 — 20 0 0
120 233 © ,, 22 1254 0O | —- 4 4 0
13 ) 235 | Oct. 11 | 16 50 34 ! — L1814 ¢!
1£ ] 239 i Nov. 17011330 0f — (11 0 0]
1899.
15 249 © Jan. 22 8 14 37 © Origin, Greece.
16 263 | Mar, 7 130 0' ‘

3 | e , | i
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10, Excerpt from the Catania Register.,

OLservations made af the B, Osservatorio di Cataniu e dell Etna by the Director,
Dr. A. Ricco.

‘The records are from the ‘grande seismografo,” a pendulum 25m. long,
carrying 300 kilos.

e N i i !
No.' bglie Date boxilnrgsgce- Maximum i Duration ! Amp. ! Remarks
e S e ] :
1898.
: ! ! H, M. 8. | H. M. S, IL AL S, M
i — [ Mar. 20: 21345 | 21530| 1 633" 1\
1 ‘ |
2: — - Apr. 3 — - — —- | Slight pertur-
: ; bations es-
E _ ‘ pecially in
i ‘ . :  the morning’
I i , i y  occasioned
! ) i : _ . by a strong :
I ; : : i W. wind.
30— i o» 4 - — — -- . As above, but
} i 1 , ' the pertur- !
| ! :' i bationswere;
; . stronger. .
4 193 . ,, 29 2348 58 03347 05623 1 |
l ' 0 3¢ 29 |
—_ b,ooes — — — , — | Perturbations
; due to the
i movements
I ' of the sea |
L . 5 for 24 hours, |
5119 |, 290 163340 {17 1 4. 292 25! 05
6| 199 May 7 6 140 6 45 33 1 11 56 ! 037
g i | 7 56 18 .
I 71 — w20 — — — !~ | Perturbations
‘ : due to the
_ : sea,
¢ 8 201 s 220 16 33 39 — © 0 034 — | Local earth-
i ' quake SV,
i : of Etna, .
! | : :
9214 | June 22 6 51 48 652586 2 320 115 i
10 | 215 » 20, 1849 8 |19 1 5] 2 414 15 |
11| 216 | July 2 419 52 423371 020 56 o8 ‘
12| — » o 12 — — -— | -—— | Perturbations
; due to the
9 sea. :
3| 220 . 14 0 30 26 03026 01030 025
14 —_ " 14 — 0 —— ‘ - — | Perturbations
: | due to the
! | sea,
| — 20 — — [ — -} Small pertur-
| ‘ | ‘ bations in !
: ' themorning.’
16+ 223 » 210 112841 | 113331, 014 35, 075
17— ! Aug. & — : — ; -— | — | Small pertur-
; ! | . bations all
: f day.
15 — W 2Y — - -— -— | Small pertur-

bations in
) ; . ; ] : [ themorning.i
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No. | ‘%‘}\171(;1(: Date
L
19 . 230 | Aug.
C20 — | Sept.
21 | 232 E .
;921233
;23 [235 ' Qct.
21| "
Eo :
25 1 239 . Nov
26 . 240 Dec.
97 ' 245 1 Jan.
T8 leqy 1
29, 250 1,
30 i -,
. !
i | '
S31 263 Mar
a2l — |
!
3267 0,
34268 .,
352

Catalogue of Eartlquakes rccorded by a Gray-Milne Seismograph at the Central
Meteorological Observatory, Tokiw, January 27, 1898, to January 29, 1899
{ Continuation of Catalogue commencing in the British Association Report, 1886.)

{

i
. i Date
i
;
|

|
|
|

i
!

T.ocal time of
Ocetirrence,
$ hrs. in
advance of
Greenwich

1982 1 Jan,

1,983+ ¥Feb,
1,984,
1,98,
1L9ge
1987 .,
1988, |,
198y
1990,

i A
491 Mar,

1

Ta02:
Looal |,
Lwot’

© 11 52

1L M. S,

7010 43 27 Po1L

015 2 ran
47 AN
36 P.M.
48 A,M,
8 AM.
10 P
47 PO
31 aarn
10 y.,
20 A
& 21 P,
7 oL

11 58
6 B
6 49
b 57
5 14
351

ON SEISMOLOGICAL INVESTIGATION.

23

i Commence-
ment
R S
311 20 4 38
3 619 ©
13 l 18 10 31
o2 | 12 40 32
111 17 322
13—
i
17 ' 11 59 33
1, 1238 11
6 19 46 11
2 S 14 11
25 0 143
26 —
7 T18 14
12 -
|
i
21 l 11 46 2¢
23 10 3115
C1418 1

. Maximum i Duration

!
.

H., M. =
20 12 33 i
P18 1127 ° 2
. Uncertain . ¢
1788427 1
173956
! \
| Uncertain® 1
12 49 51 0
1899,
» Uncertain § 0
K10 48 0
: Uncertain © 1
) R
119231 0
T
L1457 30 ©
11 9 48 v 1
0

S 14 54 43

THE CATANIA REGISTER-—continued.

i
i34

34
7
26

20, Seismometrical Observation at

Duaration

~Amp.
S, ! MM,
ol oS
30 035
46
13 0B
47
2 017
S
371 23
51
| _
i
27025
:
24 ¢ O3
45, 025
a5 0I5
Tolio.

Horigontal Motion

|
i Maximum Range

] Terion - Amyplitud

1898,
SRR,

o
7

29

" of douhtful‘
character.

' Moverments
" due to the
sea,

Movements
due to the
seda.

Movements
. due to the
sea.

l Vertical Motion

| et

!l[aximuml

R A A

Maximum "y cor- | Maximum Range
Velocity 1
- bion
} S S
|
£, mm. sees. E mm. secs.| Period Amplitude
i i |
) emes. | A
—_— i —_ - | —_—
£ 561 - (193]




=Y

[40

No. Date

1,805 Mar,
1,096,

1,007 ..
1088 ..
LYY .
2,000

2001) .
2002, .
20081 .
20041 .
2,006| .
2,006 | o
2,007 | Apr.
2,008 .,
20000
2010 .
zoul
20121 .,
20131 .
2,014 .
2,015¢ ..

2,016 .,
2017}
2018, .
2,019 .,
s020|

20230 .
2,624 r May
2025,
2.()26! -
2097 .
2028
o2
PXTHVE R
20810,
20821 .,

2,35} .
20861 o
20871 .

2,n:;8! .

2080,
2,040, June
20411 .,
20427 .,
2,043, .
2,044,

U4 4
2,046,
9047 .
2048 .
2049 .
LR TR

CRoali ..

2,052 o

- 2003 ; Jaly
RGN 1133 TR RN

20030 .

RIS .

AT Y

D 8058 .

2060
2060t

11

LY

'
i
i
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UATALOGUE OF HARTHQUALKES RECORDED AT TOKIO—continwed

T.oeal time of
Qceurrence,
9 hrs, in
advance of
Gireenwich

H, M. S.

11 41 8 pM.
145 9 AML
6§19 25 AM.
10 224 AM.
1 021 pM,
1013 4 pM,
321 12 AM.
3 26 54 AM.
10 31 38 P.M.
10 29 7 par,
324 7 AM
11 23 B .M.
610 6 AN
827 5P
10 42 32 PML
12715 AM,
340 5 AN
9 56 32 A.M.
541 29 AN
3 30 23 Py,
8 57 11 r.M.
4 24 AM,
4 7 P
55 45 AM.
36 49 AL
07 61 P.ML

~ X T X

23 8§ AM.
9 38 21 p.M,
317 0 AML
7 92 59 A
7 48 33 AM.
538 0PN
249 6 AN,

o
1
—
b
=

P.M.

— -t
— -0 0T

"

tn

n

L

!

=

[ =Y RN
w
.
ol
=

-
-
-y
<
b2
&
=
=

._‘
Zw
[
&
»
o
e
=

i
! Horizoutal Motion l Vertical Motivn
! |
P8 : : I.\[nximumf' '
i E Maximum Range ‘!{QIE(E)S;TQ Accelera- | Maximum Range |
| E N : g | tion :
| = Direction .
i ; . T
:! { l;'.l"eriod .-xmplitmloimm. secs. . mnn. secs.  Period “Amplitude’
e A - ]
; ‘ |
M.os SEUR, MM . BRCE.L MM, i
RN — — <liglt T — —_ e
— — , ‘ — - e
N T B
P — — " e Rt i
: —_ . — ! . f . i — H - H
[ _ A ” : [ B
i - _ 19 1 - H - ! '
b _ o » [ R o
T - S R e S A
1 61 NNWLESE | ooz | eT 73 158 — | elight
b= — - slight - ! . — : -
Y N.W.,S.E. (G 15 LI R B E N [t ! o3
[ — so— D odighe - —  p — 1 — L -
| — - T » - - - T
-, Z .z - -0 T T
— — ot w o4 - - i 0~ i !
— — P " . - Y -
— — | — H " — —_ : H — i
- Z — T S N
|- Con | | |
s - l = . = i et
- — o= " .- e i
1120 ! 8., N. 1 2| I T : 28 156 - — - '
| — 3 - ! - ; " i - : : _ -
¢ - — } — S -
P - A A A R R
v ; _ B | »” | : l i N l
.o — _ i T T o T
[ - = - e |
; : i » i - ! _ - :
— - A T S =
- o w0 I e
o _— R — ! . — —_ — i — '
! — — I : i ' H i
t— - b - = — — i -
E - I N O B B
| - i - -
T - . - R - b
|~ - o — =
P2 NOWLEE D s LR i3 o182 L2 W
Lo — R wiight —_ ! — ; —_ { -
| — - e R
- — - A R e
— -_— ! — - : { —_— 3 J— —
— — ' N T —
| - L n S =
_— — — * ' — ! —— —
= - S e s
1 _ - - ' ny - - : - i
A = =
: — ;- . ' -— — b= =
Lo . ‘ ; L e
e I
- N S - — o Z o T
! o Co e L= oo
1110 XE,8W. | 01 al 94 1 592 o=
- . | dight - = =
— — b w - - = =
o —_ - » i - - . - ; - :
L - oo “ - — =
1 54 W, NE O 8 o8 4 O1Te 9z [ I
— - - slight am i — — ; —
| = - LT SR A
- - | - . - =] =
- - = A -
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("ATAI OGTUE OV L\mﬁol' mLs RLGORDPD AT Tmﬂo— ontinved.

! N 1
; i Horizontal Motlon ', Verticeal Motion |
: |
i Te e
. Local time of g ! | )Iaxnnuml |
Qecurrence, | .= . . \
oo Date | 9 hr;, i,:" E ! Maximuant Range ‘{ﬁ‘lgglélyn Accelera- | Maximum Range i
i . £ '
advance of = B : ! tiou k
} Greenwich | = } Direction e L ! e
. ) : § ,
| ‘ ' Period ; Amplitude mm. sees, mm, sces.!  Period Awmplitmde
; ) P . ) '
: LMoL s, ML s, Dosles. ML : ' S skes MM
2,063 1Juiy 19, 248 36 AM. 1 — —_ fo— 1 slight | — ' — - - — .
Soidl L #di 6 41 b4 paL - !: R ,, i - ' -- = -

Azuew w220 717 8 aAM. | — . I —- - _

Cowes! L 9250 62011 sar | 2100 HEW, NNE | e ot o BET - -

come7r o2l 0171z ean Lrood Tss NwW. L w4 ¢ 1o | 79 1231 u2 oy

. zors[ W 27 235 2] AM, - o ¢ slghr — ; - : — - :

- 4,069 Aug. 1 1 24 18 oM. o - e » — i —- i - — t

R E L L N e Rl S = - ==

20 . q E rM. | - P “ T~ - —
202! o on } 54047 PaL 1L 200 NELSW. w3 L b2 dd o gewd e

L2078y, 17 418 23 pa, —e — ! - slight —_ ; —~— : - —
207L) 210 0 939 AM | - — - - o= = — --
D078 o 210 1 29 51 AM e — I " ! — ! ~— — —

: umi! s 921011 40 3% par - — " , — ' - ) — -
207 L, 2 8 520 A | -— . — " Co= = - -~
SOTR L. ‘.’3} 11 47 59 A M, . — — " ! - - . : .-

. :!,079 w 270 4 38 14 AN — | . ! —_— — - - -

Foos0l o 27l B B ldasL |1 0 =, N. (. b 1w S -
ap81} ., Bl 01224 P | - | — P slight - b= -

Pa082Sept. 1) 6 2 18 o — — o= “ - — : -
083 4 2 50 46 .. — — : - o i - - N -~ -

T5gs4. . 41 383 bR | — — e A B

9085, ., B! 44727 raw | — —_ L T T S -

g 2,0895 w 1] 1 642 pu. - - [ " i -~ - - — )
2087, S! 018 9rM — - P " 1 —- — —-- .
20884, 9, BB EM | — | - e - - -
2089° . ¥l 10 336 PM - - - “ [ -~ -

C0080) L, 18) 7 2 46 paw ; — — o= " I - - --

Dol 18| 44823 aa | 2800 BRELNNWELG L. Ot 0 1L 3, -

o082t ,, 16y 83242 aM. | — — .o sligle P — { — ; —

Fomy L, 241 916 4L axg | — — o= w - — = .

! u94* wo96[ 10 98 43 A | — —_ R T R - —

L 20H05) L 273 10 19 59 A —_ — = - - — — :

v 298] W 280 143 2ann (820! ESEWNW., 08 | 1%, 59 T Y ot

L 2OT10ct 11 03635 AM. | — - — Co— | slight T — —_ - :

D2098) 6] 45550 ast | — — N - e e

C2099) L, T 1l 046 A} — — e ~ - — !

2100, ., 20 316 2ran | - — e - - --

; 2,}:};!\.. 26| 10 30 47 AL | - | — Coe e ;

L 2,102 Nov., 8 9 224 AM, —_ -~ ™ : — - ~— ! —

{ 2108}, 7| 259 5 AaL | 240 R&K, WNW. 20 | S IS AN U R -

AR 38 4w B ’~ - T N T =

. ¢ 46 38 AM., - e_— - H — - c— — —

[2108] o 12| B 4219 aor, | 2 10 WEW. LN Cos e a6 foam 1 — SBalt |

l 2,107 » 13] 1183 12 am, | -— i -- slight _ = - ,A {

§ 108; , 14 4 6 43 M, g i — , - " ' — : — ‘ — — ;

| 2 109' 5 20 341 12 a,m. } e - s ‘ » _ _ . — i - i

PeM0L L, 21p 9 T b - o [ " - - —

.2, 111l o 28T 247 AM. , - - [ \ : s — - - ;

fo2) . 28| 1066 10 B ¢ - - pe woo - — {

; :z!id'Dm. 48 157 0 am ¢ - - Coem » - : —_ —_ — ;

Pzaial . 6l 05083 AN .- - to— " - -~ -~ .-

D251 L B 01348 PN — — ! e e - -

| :’,llﬁ, w 18] 195 38 A, - ! - i - - | — ! e — -

RV, M 32 9rM. i — — i - “ - — — - ;
R e = R A
2119, 4 AM. - - Q- o _— - -
ot20. . 25l 11 & A b ! - p— " — - - —

L2020, 9T 449 40 PML ., —- ‘ — b “ - - - - —_ |
2128, . Q0 11 31 40 rop. - ! e : - " —- — j - . — (

1899.
2123+ Jan. 11 181 1 AM. | — — - " j - - ! - ! -
it 8 9 138 A, -- — “ . - - ' -
2128 L, 8, 11041 A, | -- —_ o . - Coee e .
1260, kg 11 30 35 AM, | — - X ' o — ! — —
2427 22 B 433 AM. ) —- - [ ' " -— ] — ; B
R L I ::z‘! 2 51 g% URY PR — i - “ — _— —
2120, 2y T80 83 y.x ‘ —_— — U e ‘ . — j — [ -
. : X ,
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21. Hawair : Honoluli.

On February 19, 1898, the trustees of the Elizabeth Thompson Science
Fund assigned me a grant of 250 in aid of a seismic survey of the world.
This was expended in purchasing a horizontal pendulum, which was
shipped to the care of H.M.’s Consul-General, W, J. Kenny, in Hawaii.
When Mr. Kenny left ffonolulu in March 1889, the instrument was
handed to Professor Maxwell, who will work in conjunction with Pro-
fessor Alexander and Professor Hosmer (Principal of the Government
High School), and the latter, I understand, will kindly make arrangements
foritsinstallation. Professor George Davidson, Chairman of a Committec
appointed by the Council of the University of California to undertake
Seismic Investigations, writes me that Mr. Bishop of Honolulu has promised
a site for the instrument, and that Professor Alexander will sec that it is
placed in working order. It is hoped that by next year a series of records
will have been obtained from this exceedingly important station. Copies
of the report based upon these records should be sent to the Seeretary of
the Board of Trustees of the Elizabeth Thompson Science Fund, Harvard
Medical School, Boston, Mass., through the liberality of which body the
Hawaiian Station has been established.,

22, Egypt: Cuairo,

Captain H. G. Lyons, R.E., Director-General of the Survey Depart-
ment, writes on June 2, 1899, that owing to structural alierations and
other causes, it has not been possible to commence continuous observationg

with the seismograph. The instrument was handed to him in February
last, and in about three months’ time observations will commence.

28, US A.: Pliladelplida, Swartlmare College,  Professor 8. J. Coyxizvemax,

When observations commenced at this station Professor Cunningham
experienced great trouble with ‘air tremors,’ but from the excellent
character of the seismograin for the Mexican earthquake of January 24,
1899, it is anticipated that these difficulties have been overcaine, but no
report has been received.

I11. Discussion of the preceding Registers.

Although in the following discussions a few disturbances are referred
to in detail, all that is given for the majority are the time entries.
The first of these refers to the instant when motion commenced at various
stations. It is the commencement of the preliminary tremors referred to
as P.T.s. Inthe Milne H.P. records these are usually shown as a mere
thickening of the line. If there is no entry in this first column it means
that heavy motion commenced suddenly, or else in consequence of move-
ments due to air currents the commencement of the P.T.'s was not deter-
minable. The duration of these first P.T.’s, which are regarded as com-
pressional waves which have travelled through the earth, is given where it
is possible in the second column. These quantities are not the same as
those given in the Shide Register, which refer to the duration of all
movement from the commencement up to the maximum. The time of
the maximum, which is no¢ the time when the largest group of waves
appears, but a point usually midway between this commencement and ead,
is noted in the third column. The difference between the first and third
columns gives the duration of all P.T.s, and corresponds to entries in the
Shide Register, The sum of the first and second columns gives the com-
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mencement of the second phase of motion. For the commencement of
other phases of motion, of which there may be several before the
appearance of the largest waves (LW .’s.), reference must be made to the
seismogra:n. :

For entries in the first column all records should be fairly comparable.
The entries in the second column are only comparable in those instances
where I have been able to place the seismograms for the stations to which
they refer side by side. Where this has been the case will be seen by
reference to the reproductions of such seismograms. The accuracy of the
determinations of the times given in the third column is dependent upon
conditions which govern the accuracy of the entries in the second column,
If a station reports a series of times for the first, second, third, &c., sudden
increases in range of motion, unless we have the seismograms before us it
1S by no means certain that these correspond to phases of movement
which have been similarly numbered at a second station.

The time entries for Potsdam are only given approximately. (See

. 194,
¥ The) first illustration of these three-column entries is Earthquake
No. 182,

Determination of Origins,

The methods by which origins may be determined from time observa-
tions are numerous.” The simplest, perhaps, is that of circles, and its
application is as follows : —If the large waves of an earthquake reach
stations B, C and D four, six and eight minutes after reaching station A,
then when they reach A the wave fronts are respectively about 600, 900
and 1,200 kms. distant from B, C and D. On a globe with B, C and D as
centres I draw circles 600, 900 and 1,200 kms. radius. The centre of the
circle, found by trial, which passes through A and touches the circles round
B, C and D, is the origin required. The assumption is that whilst the
P.T.’s are propagated with variable velocities through the earth, the large
waves traverse the surface of the earth with a velocity that is nearly con-
stant. In this illustration I have assumed this velocity to be 25 kms.
per second,

The observations which support these assumptions are too numerous
to require special reference.

With times of arrival at only three stations we arc left to decide
between two possible centres. See Earthquakc 252.

In consequence of the want of sufficient records which are strictly
comparable, no attempt has been made in the present report to determine
origins with any degree of accuracy.

As an assistance in these determinations the times at which prelimin-
ary tremors have been recorded and intervals by which they have outraced
the large waves at vavious stations are not neglected, whilst the topo-
graphical and geological character of the locality in which the origin
is placed is often an indication as to whether the determinations are
eorrect,

Larthquakes, Nus. 133 and 134, September 20 and 21, 1897.2

These earthquakes, which were separated from each other by an
interval of about ten hours, evidently came from the same origin, and were

! See * Earthquakes,’ Int. Sci. Series, pp. 200-212.
* See Rritish dssociation Report, 1898, p. 211,
1899. o
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connected with the throwing up of a small island off the coast of North-
‘West Borneo, near to Labuan.

The first of these disturbed an electrometer at Batavia at 7h. 14m. 20s.
P.M., a magnetometer being disturbed two minutes later. These disturb-
ances indicate the arrival of the larger waves, which coming from Labuan
had travelled about 1,660 kms. The velocity of propagation of these
movements may be taken at about 27 kms. per second. With this
assumption the conclusion is that this earthquake originated at about
7h. 4m. 20s. .M., the time to travel to Batavia having been 10 minutes.

The effect of the second earthquake was to disturb a magnetometer in
Batavia at 5h. 22m, 435s. A.x., which by similar reasoning leads to the
conclusion that it originated at about 5h, 13m, a.M. At Sandakan, which
18 about 300 kms. from the origin, it was noted at 5h. 18m. a.Mm., the
inference from which is that the time at the origin would be about
5h. 16m. am.  The mean between these two determinations gives as an
approximation for the true time at the origin 5h. 14m. 30s. a.x.

Apparent Felocity of Preliminary Tremors.

! September 20 " September 21 }
]?;19%,15::;;?: Locality ' Velocity in kms. 3 « Velocity in kms.
of Observation ; .. per sec. i . per sec,
Time '+ Time o
S i ‘
! Arc;OnChord‘. | Arc  Chord . 1 Arc | Chord |
- o H, M. ﬁ-| bHLML s l
e | — | Origin 7420 — | — 151ds0; — | — ’
9046 ' #302 | Nicolalew . |7 2380 T8 . T2 (’l 6527 ¢ 12010 110
10212 9150 | Potsdam . |7 26 O] 8 70 !'5380 0; 109 0-3
% I ' | [ Il {abour) ;
105645, 9378 Catania 725 2i 84 i 785 [ 52932, 116 103
110656 9453 | Tschia. . |7 2154, 101 | o 528 12; 129 | 113
107110 9489 R.diPapa . 725 0, 86 @ 76 /532 2 101 83
110730! 9490 | Rome . . 721541101 | 90 15242 117 | 104 |
‘12111 9815 ! Edinburgh . 756 01 36 | 31 "6 780, 33 30 |
0954 | Shide . N iT 24 {7‘ @3 ! 8§l 5 2851 | 132 ; i

11433

N 115

In discussing the above table, the Edinburgh records may at once be
excluded as referring to large waves rather than to preliminary tremors.
Making this exception then, it will be observed that the velocities for
September 21, are greater than those for September 20. Now as these
two earthquakes, as recorded in Europe, indicate initial impulses of about
the same 1intensity, it is extremely likely that they radiated from their
origing with equal velocities, and therefore the differences seen in the
tables in all probability are dependent upon errors in the times calculated
for the origins of these shocks for which there is no sure method of cor-
rection. On comparing these velocities with velocities determined over
paths of similar lengths (see ‘ British Association Report,” 1897, p. 174) it
1s noticed that one set of results lie about as much above average deter-
minations, as the other does below the same.

A fair approximation to truth may therefore possibly be obtained by
taking the average results recorded for the two shocks. In doing this,
Catania, Ischia, Rocca di Papa and Rome, may be placed together as
representing a path, which for each is practically 96> in length. The
result of this operation is as follows :—
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'Velocity in kms, per sec..

: " Average

Tocalities : i?gi”;ﬁ,ig o s e ‘ Depth |

! d Arec | Chord }v inkms.

e — T e 22 = = ' — [ e _'} et e R .i
Nicolaiew . . . . 81° I 81 ! 80 ;
Potsdam . . . 92° 3 84 1 ,
Catania, Ischia . . I " ) : _ : . |
Roceca di Papa, Rome . i ' 96 104 20 : 95 :
Shide . . . 103° 112 98 102 :

The slight discrepancy in the Potsdam record no doubt depends on the
want of accuracy in the original observation as indicated in the first
table.

The figures in the fifth column express in kilometres one quarter of
the square root of the average or mean depth of the chords connecting
the origin and each of the observing stations. The close correspondence
between these figures and those in the third and fourth columns so long as
the records refer to wave paths exceeding 2,000 kms. was pointed out in
the Report for 1898, p. 22i. These two earthquakes have been discussed
by Dr. G. Agamennone in the ¢ Atti della Reale Accademia dei Lincei,’
September 18, 1898, vol. vii. Fas. 6, p. 135. Inasmuch as he has caleu-
lated velocities for the preliminary tremors, based on the supposition that
the disturbacce had only reached the Batavian isoseist when the magneto-
meters at that station were disturbed, he arrives at velocities practically
reaching 30 kms. per second, which are very much higher than those dis-
cussed in the preceding tables. He also gives velocity tables for the
large waves which are somewhat higher than those which are obtained
when it is assumed that the disturbances originated at the times used in
our calculations. For example, the shock of September 20, if it originated

at 7h. 4m. 20s. apparently gives for the velocities of the large waves
results like the following :—

Velocity in kms. per sec.
On Ave On Chord
Firet large wave . . - 27

Largest wave 7 :
Tast large wave -8

[ O]

3
-6

[ .Y

In calculations of this description the assuraption is that all the waves
recorded at a distant station left their origin at practically the same time.
If this were so, inasmuch as the Iast trace of movement at Shide took place
three hours after the arrival of the preliminary tremors, then the last
movement only travelled at a rate of 0-9 km. or 0-8 km. per second, a con-
clusion that is very improbable. The inference to be derived from the
sections in this report relating to Earthquake Echoes (p. 227) and
Earthquake Precursors (p. 260) is that the only movements which started
from an origin at approximately the same time, are those lying between
the first preliminary tremor and the large slow waves representing the
maximum motion. The limiting velocities for this earthquake, therefore,
lie between 9'3 and about 2'7 kms. per second.

¥o. 180, March 29, 1898,

H. M. 5, H. M. =S
Shide . . . O 6 11t023 0 39 Series of disturbances.
Bidston . . About these times.

02
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These small movements may possibly have been connected with an
earthquake noted at Cadiz on March 30.

No, 182, March 31. (Origin, Celifornia )

H M. 8. M H. M. s
Shide . . . 8 21 1 . 4 . 8 25 1
Nicolaiew . . 8 22 0 . 8 8 34 0
Potsdam . —_ . _— . 8 26 ¢
Edinburgh . . T 36 30 ] — . —_—
o, 185, April 3.
H M. S M. H, M. S
Shide . . 7 B8 85 . — 7 41 0
Nicolaiew 6 53 0 . — 6 H8 0O
Potsdam . —-— . — 7T 50 0
San Fernando . 7 44 4 . — —
No, 188, April G,
H. M. 8. M. H.OM. m,
Shide . . .12 37 17 . 60 . 12 46 O
Toronto . .12 44 40 . 70 .12 854 44
Potsdam . .12 39 0 . 30 . 12 40 0O
San Fernando . 12 36 49 . — . —

Origin, Western Atlantiec.

The Shide seismogram shows symmetry between the shocks and first
echo.

No. 180, April 15, (Origin, California.)

Locality - Commencement: PTJs | 1st Max, 2nd Max, 1 srd Mux, i
. H. M., S | MO8 - H M S ; H M. & M M. B,
Shide . . . T 4T85 0 4 0 7 5255 8 1 0O 811 0
Nicolaiew . T8 0 I 7 67T 0 — ' —
Rocea di Papa T ot 0. — 18 2 0 ¢ - -
Ischia . 8 00— — L — —
Potsdam 7 48 0 | — | 7 87T 0O — —- i
Toronto . - -— Po— 7 26 40 — —
Edinburgh . .1 7T 30 0 — — — ; -—

The above was noted at about 7.20 a.M., April 15, in California, at
Albion, Mendocino Co., where it caused minor damage. The time at
which the P.T.’s commenced at Shide, owing to air tremors, is not clearly
defined. Neither is this phase clear in the seismogram from Potsdam.
Mr. Ralph R. Funk, of Albion, California, writes me with regard to a
series of shocks, of which the above is one, saying that ‘frequently we
would be called to the “ phone,” and in answering would be asked, “ Did
you feel that one ?”’ The movements reached us about the time of our
reply. The other end of the line was about twenty miles inland, and the
conclusion is that the shocks must have originated inland. Mr. Funk
enclosed with his letter cards from a Draper’s self-recording thermometer,
showing the effect of shocks upon the record. Between April 15 and 18
I count twenty-itwo sudden displacements with ranges of from 2 to
10 mm.

Mr. Funk’s observations lead to the conclusion that these earthquakes
originated at a centrum from forty to sixty miles inland from Albion, and
the times of their origin would be about one minute earlier than the
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times he noted. The time for the particular earthquake here considered

wounld, therefore, be Th. 19m. A.n. .
With this assumption we obtain the following table of velocities :—

i Time of travel Distance { Velocity of II
- O - - LW.'s in knoe.

¢ PLe LW.s | Degrees On Are | Dersec.
Shide . . . - 29m, $m. T5° 8325 kms. 40
Nicolaiew . . .1 35m. 38m. . 91 [ 1010l ., 44
Rocca di Papa . . . 35m, 43m :  98° 9768 . i 37
Potsdam . . . ., 29m. = 38m. | 79° 8769 ., 38
Torento . . . . —  «  Sm. 42 3652 ,, ! 707

These velocities are distinctly too high, and as the time of arrival of
the large waves in Europe is fairly accurate, we must conclude that the
shock originated earlier than the time here assumed. For this reason,
and for the reason that the times of arrival of the preliminary tremors in
Europe do not appear to have been accurately noted, the velocities of
these precursors have not been calculated.

No. 192, April 205,

=

If. M. S. M., H, . &,

Shide . . .8 8 47 . 3 . » 13 0
Potsdam . . .96 0 .= ¢ 12 0
No, 103, April 22-23.  (Origin, N.-L. Japan,)
; i Dara- '
Locality CDE{;&? o ti)r;n I Maximum | Nemarks
S ) U :
I ’ - ——— ——
- T 4—‘1' T “; N i
. : M. B M. X | .
Bhide. ' . . .: 23 58 551 25 ; O 31 12 Commeuncementearlier
RoccadiPapa . .123 48 40, 3 : 0 23 0,
Ischia . . .'23 80 0, — — —
Catania . . .!23 48 58 { — 0 33 471 -
Toronte . . .[23 &9 50; 25 , 0 3% 26
San Fernando . . 123 59 511 20 . 0 38 46 ; -
Potsdam . . L2305 0 — —_ : -
Nicolaiew . . . ‘ 23 47 0 ~-- 23 B8 0! -—
Tokio. . . ., — | .- 23 33 49 -

‘We have here the case of a large earthquake which reached Toronto,
Shide, and San Fernando (Spain) and other places at about the same
time.

The following accounts of this disturbance are taken from newspapers
published in Japan :—

“The sharp shock of earthquake which was felt at Yokohama and
Tokio on the morning of the 23rd instant was not unattended with
accidents in the north-eastern districts. At Maizawa-cho, Iwata Pre-
fecture, & house was thrown down ; at Nanamiki-cho fissures were pro-
duced in the ground at various places ; at Satokawaguchimachi a house
was damaged, while the premises of the Kuji Police Station were also
atfected. At Sanumo, Miyagi Prefecture, two persons are reported to
have been injured, while houses and godowns were damaged. At Sendai
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a large Buddhist image of the Shurin-ji temple was shattered to pieces,
and the buildings of the Prefectural Office and other houses all suffered
more or less injury. The districts of Ishiuomaki, Fukushima and neigh-
bourhood were aiso a good deal affected, while at Sakata, Yamagata
Prefecture, the waters of all rivers overflowed their banks.—Japan
Times.”

‘On Saturday morning (April 23, 1898), at 8.36 A.m., a somewhat
strong and prolonged shock of earthquake was felt in Tokio. According
to the bulletin issued by the Central Meteorological Observatory, the
seismic movement is described as follows :—

Vibration commenced at . . . . 8h. 36m. 49s. A.M.
Duration of movement . . . . . 12m.

Direction of movement. . . . . . North to South.
Maximum horizontal vibration . . . 8mm.

Nature of vibration . . . . . . Slow.

‘It is conjectured that the shock was caused by a subsidence of the
sea bed in some part of the Northern Pacific. The following table shows
the localities where the shock was felt :—

! Time

kAl

; Locealities j AL ' Nature
He M. .

Ishikawa § 34 A0 Strong

" Fukushima 8 36 40 . "
Akita 8 30 0 ; "

. Awomori . . . . . ., & 36 0 ; "

, Yamagata . . . . . b8 85 o ; .

| Utsunomiya . ., 8 386 3¢ : ,
Mayebashi I8 36 34 "
Kumagai I8 36 3%
Niigata . T Y T "
Yokohama . . . . . . .i 8 36 15 ' "
Tokachi . . . . . . ’ 8§ 29 15 ; Weak
Mito . . . . . . . .1~ 8 36 3p l ”
Kota . . . . . 7l 8 3 s i,
Nagoya. . . . . . . . 8 87 40 i ” i
Yokosuka . . . . . . .18 38 47 '
Fukui . 8§ 8 O Faint
Nemuro . . . . . . g 37 03 "
Numazu . . . . . ; . \ 8 87 B3

|
!

Japun Mazl’
From a consideration of the above time observations, and from the
position of the places at which the movement was severe, it is probable
that the origin was from 4° to 5° distant in a north-north-east direction
from Tokio. The heavy movement travelled to Tokio at a rate of about
2'5 kms. per second. The time at the origin would, therefore, be 3m. 42s.
earlier than that recorded in Tokio, or approximately on May 22 at
23h. 33m. G.M.T. This conclusion is fairly in accord with all the time
observations made in Japan, excepting those for Akita and Tokachi,
Professor Omori, by different reasoning, places the origin 120 to
200 kms. E.8.E. from Miyako, the time at that place being 23h. 34m. 13s.
The time at the origin and the position of the same are, therefore, prac-
tically identical with what has been stated, and we have here another
illustration of a suboceanic yielding at a depth of from 1,500 to 4,000

38



ON SEISMOLCGICAL INVESTIGATION. 199

fathoms on the face of the western bink of the Tuscarora Deep. That
sea waves were not reported indicates that submarine landslips or sudden

displacements of materials on the ocean floor were not of marked magni-
tude.

Time in Transit

Distance

ll iVe]ocity kmas. per sec.
| S U U VR . R
Plzce ! | , i L popos
i " P.Ts i LW.s ' Degrees Ol?n;rc lOnkcht?rdt F.Ts Pon ° EI"“Ti,S
i : E | 8. ms. Conerc; . .4 : on are
Moos. M. 3 i
Shide . .: 2555 | B30 i 86 93456 867Th | 61 | 56 l 27
sebia . .i=3 0 — AT | 957 | 87136 | — 1 — |
i Catania . . 15 58 | 6100 00 1 0390 8994 | 104 93 24
San ¥ernando 27 0 . 640 ) a9 §09SY } 9672 67 1 590 | 2-8
Potsdam, .! 18 0 — 79 | 8769 & 8091 | &1 . TH | —
Nicolaiew .o 14 0 I 510 ’ 75 8325 | 7743 99 92 l 2.7
Toronto . . 2650 0 620 | B9 | 9BTY 8915 61 55 | 2-4
! Rocca di Papa, 15 40 ' 500 i 83 | 9879 ‘ 8916 ! 105 -4 i 32
No. 193, April 25,
H. M. S M. s, H M 8,
Shide . . . . 11 1417 — —
to 12 23 10
Kew . . . . .1l B 54 — —
to 11 24 0o
Nicolaiew . . . . . 11 10 380 8 30 11 44 0
Catania . . . . .1t 40 O — —
Yotsdam . . . . . 11 0 0 (about) -
Av. 106, April 20,
H. M. 8. H M. s
Shide . . . . 16 39 4 — 16 39 0 (about)
to 17 37 31
San Fernando . .18 87T v — -—
Nicolaiew . . Lole B30 0 — —
Rogca di Paja . .16 40 0 -— I 43 0
Ischia . . . 16 B8 0O — —
Catania . . .18 33 40 —- IT 1 4
Bidston . . .17 0 0 ((about) — —
'Toronto . . 16028 20 — 18 35 5
Potsdam . . . 16 30 O (about) —- 16 57 0O (about)

The Shide and Potsdam seismograms, although they have definite
commencements, are but marked thickenings of the normal trace. The
times for maxima are therefore uncertain. The tremors reached Shide at
least eleven minutes after reaching Toronto, whilst the large waves at
Shide were twenty-four minutes behind those at Toronto. With a
velocity of 25 kims. per second when the large undulations reached
Toronto they would be at a distance of 32° from Shide. Considerations
of this description based upon the above data suggest the idea that this
earthquake had its origin on the western side of the Atlantic in the
direction of the West Indies.
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Ao, 199, May 7.

I M. S M. 8 H. M B8
Shide . . . . . . 6 4 0 — B34 (1
Kew . . . . . . 6 4 0 T 0 6 10 30
Nicolalew . . . . ., 64 0 — —
Rocca di Papa . ; . . 6 5 30 — 6 14 O
Catania . . . . .6 1 40 —_ 6 45 33
Ischia . . . . . . 6 3 0 —_ —

or6 24 35

Toronto . . . . .6 0 42 —_ g 16 40
San Fernando . . . . 5 b7 49 — —
Potsdam . . A . 5 b7 O —_— —

From the difference in time of the arrival of the maxima movementsat
Toronto and Shide it is likely that the origin of this earthquake should be
sought for in the direction of the West Indies (see Earthquake NN 0.196).

No. 200, May 20,

H, M. S. pie AL s,
Shide . . . . . . 23 29 & — —
Bidston . . . . .23 30 0 — o 11 0

No, 201, May 22,

H M. B H, M. &
Shide . . . . 17 28 15 -— _
1022 50 0O — —
Catania . . . . 16 33 39 Local earthquake - .
Madras . . . .17 14 25 —_ 17 20 1

No. 207, May 30.

H, M. S, H, M. S
Shide . . . . . . .4 18 553 and 4 28 L6
Potsdam . 4 18 0 L, & 0 0O
Ao, 210, June 3.
1t. M. S. . M. B
Shide . . . . . . 17T 1+ e — —
Kew . N . . . . o1 100 42 -2 1T 14 BO
Nicolaiew . . . . . .16 57 0 — 17T 0
Madras. Tremors recorded?
Potsdam . . . 10 0 — 17 9% o

This earthquake crossed Europe from the S.E. towards the N.W.

No. 211, June 19.

H. M. S, H. M ]
Shide . 7 8 S — -
Kew . H . . . T8 24 - _
Potsdam . . . . . 7T 0 0 - 17T 5 O
Origin probably the same as No. 210.
No. 213, June 21,
H M. S, M. H, M. S,
Shide . . . . . . . 0 46 42 12 1 U p
hew . . . . . . . 0 46 18 — 0 59 6
Nicolaiew . . . . . L0 37T 0 — 0 41 0
Rocea di Papa . . . . LD 38 20 — 0O B8 O

Origin probably the same as No. 210,
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No. 214, June 22

H. M, 8. H. AL R m. 3. .
Shide . L6 52 42 — 7 14 42 & 7 13 42 XNine maxina,
to & 7 42

Nicolaiew .65 0 — 7 18 0O
Roccadi Papa. 6 45 2 — 6 45 13
Ischia . . 6 Bl 48 — —
Catania . . 6 51l 48 — 6 B2 A6
Batavia . . B8 42 18 - —
Kew . . U 51 24, Oh, 36m,, 6h, 87m., vp to Th, Sm. At least 12

. maxima.

Origin, Greece
No. 215, June 29,
H. M. S, M. H, M, . . M, s
Shide . .18 48 87 9 1 27 a7
Kew . .18 47 12 9 19 21 56 or 19 27 O
Nicolaiew .18 42 0 12 18 3% 0
Rocea di Papn 18 48 42 — 18 59 0 (about)
Ischia . . 18 50 0 — —_
or 18 47 47

Catania . . 18 49 8 — 19 1 5
Toronto . 13 43 21 — 18 35 1s
Potsdam .18 57 0 — 14 8 0

At Shide the duration exceeded three hours, the amplitude was 8 mm.,
indicating a tilting of 4"*8. The period of the large waves was 13-Ts.,
which, with a velocity of 3 kms. per second, indicates a wave-length of
39 kms. The height of these waves may have been 30-2 cm.

The records for the preliminary tremors indicate that the movements
commenced at Shide, Kew, Rocca di Papa, Ischia, and Catania about five
minutes later than at Toronto. The largest group of waves were re-
corcded at Shide and Kew 26m. or 32m. after they reached Toronto.
The corresponding intervals for the remaining stations cannot be inferred:
with certainty from the above data, as the last column of this for
Nicolaiew, Rocca di Papa and Catania apparently refers to the commence-
ment of the large motion.

Although the data taken as a whole point to an origin much nearer
Toronto than Europe, and the time intervals for large waves noted in
Toronto, Kew and Shide suggest an origin on the western side of the
Atlantic in the direction of the West Indies, the marked difference in
the time at which the first heavy movements were recorded at Shide and
Kew throw great uncertainty upon the localising of the originating centre

No. 216, July 2.

H, M. 8. H,OS, H, M. 8.
Shide 4 27 24 - —_
Kew . 4 925 2t - 4 28 30
Nicolaiew . . . .4 022 0 1 30 4 25 0
Roccea di Papa . . . .4 19 0 - t 21 0
Ischia . . . . . o419 12 — —
Catania 119 62 —— 4 23 37
Potsdam 4 21 0 — —_

Origin, Dalmatia. Both the preliminary tremors and large waves
have been recorded at distant stations in an expected order.
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No. 217, July 2.

H. M. 8.
Bhide . . . 17 3 23 The identity of these disturbances is
Kew | . . . 16 25 48 doubtful.
Ao, 218, July 3.
H, M. 8.
Shide . . . . . . . . . . Lo 4223
Kew . . . . . . . . . . .41 44 30
No. 219, July 12,
oM, S
Shide . . . 10 30 0 (about) The identity of thesc two shocksis
Batavia . . 11 38 6 doubtful.
No. 220, July 13-14.
H. M. 8, H., M. 8.
Shide . . . . . . .23 51 8 — —
Catania . . . . . . 0 30 26 — 0 30 20

No. 221, July 14,

H. M. 8. M, H. 3. S.
Shide . . . 17 4416 15 18 9 27 The P T.s are irregular,
Nicolaiew . .17 30 0 15 17 52 0
Potsdam . 17 33 0 12 17 54 O

Origin to the East or South of Nicolaiew.

No, 222, July 20,

H M, - S H. M. .
Shide . . . . . ., 16 89 26 — 16 59 26
Toronto . . . . . . {uancertain) — 17 2 33
Origin, Mid-Atlantic ?
Nou. 223, July 21.
H ¥ & v M. 8
Shide . . . . . . .11 8 86 99— 11 37 O
Ischia . . . . . . .11 031 6 - —
Catania . . . . . . 11 28 41 — 11 33 31
Kew . . . . . . 11 3 6 — —
Origin, 8.E. Europe ?
No. 224, July 26,
H. M. H.
Shide 23 91 14 This may be connected with a series of shocks

recorded in Valparaiso and Concepcion, one or
two of which appear to have been noted in
Toronto. (See the Toronto Register.)

In a despatch to the Foreign Office, H.M.’s Minister in Chile, Audiey
C. Gosling, Esq., writes respecting these shocks as follows : —

*T have the honour to report the occurrence on the night of July 23
of severe shocks of earthquake at Concepcion, in Southern Chile, latitude
36° 50/, longitude 73° 10/,

*Nearly every building in the town suffered more or less damage,
especially the cathedral and the Bank of Chile and Concepcion.
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‘The first shock happened at 10.30 p. (July 24, 3h. 16m. 30s. a.m.
G.M.T.) lasting 30s., with an oscillation of 10 centimetres, direction
south-east to north-east, followed by lesser shocks, which continued alto-
gether for twelve hours, and the sea having receded fears were enter-
tained of a tidal wave.

* The winter throughout Chile has been unusually severe and wet, the
rainfall in May and June having amounted to 22 inches. Seismic
disturbance has been frequent, especially in the neighbourhood of the
Andes, where abnormal quantities of snow have fallen. Inseveral passes
of the Cordillera snow has attained the extraordinary depth of from 14 to
18 metres, and postal communication has been entirely stopped »id the
Andine route for close on two months, many hundred bags of postal
matter having been abandoned in the snow by the carriers, several of
whom lost their lives whilst performing their perilous duties.

‘On the 12th inst. snow fell heavily in Santiago, a very unusual
oceurrence, to a depth of between 2 and 3 inches : indeed for twelve
hours the capital presented the appearance of a city of Northern Europe.

‘ Valparaiso suffered considerable damage from inundation in the
early part of this month, caused by excessive rainfall, which was followed
by shocks of earthquake and a severe cyclone, causing considerable destruc-

tion to property.’
Nu, 225, August 8,

H. M. S, M. S, oM. S

Shide . . . . . . . 8 53 30 - 9 50

Nicolaiew . . . . . .82 0 19 0 8 54 0O

Potsdant . . . . . .8 40 — 8§45 0

No. 228, August 21,

. H. M. 8,

Shide . . . . . . . . . . . 17 28 0O

Bidston . . . . . . . . . . 16 50 O

The identity of these shocks is doubtful.
No. 230, August 31.

S M. s M H, M. §

Shide . . . . . .20 5 2 5to 6 20 36 25

Kew . . . . . . .20 4 v 8 20 35 0

Nicolaiew | ) . \ . . 2039 0 — 20 42 O

Rocea di Papa . . . . .20 340 — 20 31 0

Ischia . . . . . .20 3 4 _ 20 30 0

Catania . . . . . .20 4 03 - 20 12 33

Toronto . . . . . . 20 17 B3 —_ 21 320
Batavia . . . ) . .20 1 1R — —

Madras . . . . . 20 203 — 2018 0
Potsdam . . .20 000 — —

San Fernaude (vecorded} .

At Shide the first P.T.’s lasted about 6 minutes, after which they
increased and decreased sometimes gradually and sometimes suddenly
up to 20h. 3lm. 21s. The maximum was attained at 20h. 36m. 25s., to
be followed by its echo of nearly equal magnitude at 20h. 42m. 29s.
Following this there were fairly symmetrical sets of earthquake followers.
(See Earthquake Echoes, p. 227). The period of the P.T.’s reached 12s,,
and that of the I.W.s 15'4s. The maximum amplitude was 9 mm,,
‘ndicating tilting of 54,
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At Kew the chief movements were as follows : —

1, M.

20 349 semi-amp. 5 mm. or 275
0 37 28 1755
0 378 32 175
0 407 3 1'7-65

It will be observed that the amplitude at Kew is smaller than the one
from Shide.

An inspection of the time records shows that the disturbance first
reached Batavia and Madras. The heavy movement reached Ischia and
Rocca di Papa 12m. or 13m. later, Shide and Kew 18m. later, and
Toronto about 4dm. later. With the assumption that the large waves
travelled at a rate of about 2'5 kms. per second, these time intervals
would lead us to look for the origin of this earthquake in the South
Indian Ocean eastwards of Madagascar.

No. 231, Septomber 3,

H. M. 8. ™, s. H. M. 5
Shide . . 6 4 48 15 87 16 21 57 Commencement badly
defined.
Nicolaiew . 15 32 0 — 16 2 0
Toronto . 16017 22 — 16 18 L0
Kew . , 16 5t 0 —_ —
Potsdam . 3 54 0 — 16 15 0

The L.W. records for Shide and Toronto would indicate an origin on
the west side of the Atlantic, but this does not accord with the records
from Potsdam and Nicolaiew,

No. 232, September 13.

. H. M., 8. H, M. =
Shide . . .18 11 837 — ‘s Record small and not
to20 7 35 — clear.
San Fernando I8 10 49 — -
Nicolaiew . LI 7T 30 — 18 3100
BoccadiPapa . 18 11 38 -- 18 11 35
Ischia . . .18 12 0 — .
Catania . .18 10 31 .— 18 11 a7
Batavia . 132 6 — .
Toronto . 18 21 450 — 19 15 1
Kew . . .18 11 18 - -
Madras . . .17 34 95 —
Bombay . . 18 63 28 — :
Potsdam . 18 0 0 — 10 54 0O

The minuteness and irregularity of the earlier movements render it
impossible for Shide, Kew, and other places to give an exact commence-
ment. The large movement recorded in Toronto suggests an origin nearer
to that place than to Europe.

No. 233, September 22,

H. M. |, M, e H. M, s.
Shide . . ; . . 12 30 b4 — -
to 13 37 52 i —
Kew . . . . .12 46 30 13 10 0O
Nicolaiew . . . .19 44 O 90 13 19 0
Rocea di Papa . . .12 58 0 13 33 0 about
Ischia . . . . 12 34 v -— —_
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H, M. 8, oW, L M. S,
Catania . . . . .12 40 32 - Uncerinin
Batavia . . . . .12 &7 18 -~ —
Madras . . ; ) .12 31 43 —- —
Bombay . . . . .12 40 45 . 12 49 8
Potsdam . . . . 12 83 ¢ _— 13 21 0
Manritins . . , . — — 13 80 O

No. 234, Beptember 25,

H. M. & M. S, H M. s
Shide . . . Nori2 51 50 — - QorlZ 5¢ 0O
Kew . . . 0 &0 18 — 0 53 0
Nicolaicw . . 12 25 t] g 0 12 3 0
Bombay . . 12 18 37 — 12 20 36

The movement apparently crossed Europe from the east towards the
west.

No, 235, October 11,

H M 5. M.E, H. M. &
Shide . . . . . 16 58 52 o 17 33 39
Kew . . . . . 16 59 12 — 17 38 42
Nigolaiew . . . . 16 49 30 - 17 7 0
Rocea di Papa . . . 16 5G 35 — 17 32 0
Ischia . . . . . 16 50 34 — —
Catania . . . .17 3 927 - 17 38 42
Toronto . . . . 16 47 29 7T 0 17 29 30
Batavia . . . .16 49 42 - —
Victoria . . ] 16 44 3¢ 4 0 —_—
Madras . . . 1T 2 38 - —
Bombay . . . 7 2 36 - 1T O0N5 42
Potsdam . . . 1T 600 -— 17 30 O
San Fernando . . AT 82T 19 —-

The probability is that this shock originated in the Pacific, and after
reaching Victoria spread eastwards to Toronto and Europe. In the seis-
mograms received there are several maxima, and it seems impossible to
recognise similar groups of large waves at different stations.

No. 237, October 12,

H M. 8. I M. %
Shide . . . . . . R -] - -
Kew . . . . . . 1320 42 13 23 30

No. 288, October 15.

H M. 5. M. ®, ., 3, =,
Shide . . .4 2 44 —em 4 30 0
Kew . . . . .4 28 0 -~ -~
Nicolaiew . . .3 28 0 37 0 4 10 0
Batavia . R . . o401 42 — -
Madras . . . . . 8 50 1% — 3 52 25
Bombay . . . . . 3 48 4] —- 347 24
Mauritivs . . . 4 8 12 — 4 106 0

The disturbance apparently crossed Europe from east to west,
No., 239, November 17,

H. M. ®, M. &, . ) 8,
Shide . . . . L1320 15 - —_—
Kew . . . . .13 37 12 o 13 46 24
Nicolaiew . . . .13 8 o 9 0 13 37 0
RoceadiPapa . . . 13 & 4D -~ 13 46 30
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H M., & H L H, M, 8.
Ischia . . . . . 13 30 o — —
Catania . . . . . 117 59 33 — —
Batavia . . . . . — — 13 12 18
Toronto . . . . .13 9 46 —_ 13 44 50
Victoria . . . . .13 7 0 —— _—
Bombay . . . . .13 14 19 o 13 34 0
Potsdam . . . . .13 0 0 — 13 45 O
Mauritins . . . . 13 45 23 - 14 2 O

It seems probable that from its origin the shock radiated westwards to
Java and India, whilst eastwards it successively reached Victoria, Toronto,
and Europe.

Ao, 240, December 1.

I M. 8. HOOM., 8
Shide . . . . . 12 48 16 — —
Nicolalew . . 12 4% 0O — 12 54 0
Catania . . . . .12 38 11 — 12 49 51
Vietoria, B.C. . . . . ? — —

Kew . . . . . 12 51 18 — —_
Madras . . . . ., 12 45 14 — 12 53 O
Bombay (November 30) . .12 43 177 — —
Potsdam . . . . 12 42 0 — 12 A7 0
Mauritius . . . . — - 0 58 437

The Shide seismogram consists of a series of small broadenings of the
normal line, like No. 239.

0. 241, December 3.

H. M. S.
Shide . . . . . . . . . . 3018 43
Kew . . . . . . ) . . . 3 1 18
and3 7 0
Nicolaiew . . . . . . . . . 6 18 017
Potsdam . . . . . . . . . . 6 13 0
Bombay . . . . . . 2 49 582

No. 243, December 3.
I M. S
Shide . . . . . . . . . . 17 42 26
Batavia . . . 15 39 54

It is doubtful whether these refer to the same shock.

No. 244, December 4.

H M. & Ho M. 8.
Shide . . . . .20 20 40
Bombay . . . . . 20 28 52 — —
Mauritius . . . . 780 0Ol — 752 0!
No. 245, January 6, 1889,
Ho M. #. M, .o M 8.
Shide . . . . .19 1109 — —
Kew . . . . L1903 42 —_— -—
and 19 41 30 — 20 4 12
Nicolaiew . . . .19 023 0 10 0 1 46 0
Roeca di Papa. . . .19 49 0 .- 19 52 30
Catania . . . . .19 46 11 — Cncertain
Torontoe . . . . .19 9 8 — 1
Bombay . . . . .19 13 40 - ’
Potsdam . . . . 199 0 — »
San Fernando . . . 19 14 4 — ——
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No. 246, January 12,

H N, S H XM §
Shide . . . . . . 3 58 18 — —
Toronto . . . . . .3 47 50 — —
Victoria . . . . . . 3 35 16 — 3 35 18
Bombay (January 11) . . .19 23 447 - —

Probably originated in the Pacific, and passed across North America
to Europe.

No. 247, January 12,

L. M, S, M. 8, H, M. S
Shide . . . . . 5 2 26 — .
Nieolaiew . . . . . 8 31T 0 11 0 & BO 0
Batavia . . . . . B 4 187 — 8 8 48
Bombay . . . . .9 33 24 Dislocation of the line.

No. 248, January 14.

. M. 8. M. H. M. s,
Shide 2 48 55 — 3 22 48
Kew. 2 B8 12 2717 3 26 30
Nicolaiew 2 54 O 6 3 32 0
Toronto 2 42 18 13 2 57T 6
Victoria, B.CC, . 2 42 30 9 2 55 28
Bombay (13th) 19 41 872 — -
Potsdam . 2 54 0 — 3 B0 0O

We have here well-defined maxima for Shide, Kew, Toronto, and
Victoria. The latter place was reached first, whilst at intervals of 2, 29,
and 36 minutes, Toronto, Kew and Shide, and Nicolaiew and Potsdam
were reached. These data lead to the conclusion that the origin was in
the Pacific, at no great distance from the coast of Central America.

No. 249, January 22, Origin, Greece.

H M. 8. M. &, H. M. &
Shide . . . . . 8 22 53 — 8 8% O
Kew, . . . . .08 22 12 5 18 8 29 0
Nicolatew 8 19 0 - 8 21 8]
Rocca éi apa . 8 16 10 — 8 20 40
Ischia 8 14 37 — —
Catania g8 14 11 o— 8 19 48
Trieste 8 15 48 — 8 21 30
Bombay 9 15 47 Dislocation of the line.
Potsdam . g 9 0 — —
or 8 18 O —_ _

This earthquake originated in Greece, and is described in the Daily

Telegraph of January 23 as follows :—
¢ Athens, Sunday.

*A severe sarthquake shock was felt in several parts of the Peloponnesus carly
this morning. T'he shock was most viclent in the departments of Philiatra, in the
province of Messinia, and Kyparrisia, in the province of Laconia, the two most fertile
and beautiful distriets of the peninsula. Several villages are completely destroyed,
and in the towns practically every house is uninhabitable.

* The loss of life would have been very great had not the majority of the inhabit-
ants, warned by the first shocks, left their houses in the early morning, and camped
in the open plains and flelds, A great many, however, have been injured, and
several are killed, though it is impos-ible at present to state the exact number,

‘The people, panic-stricken, have been in the fields all to-day, and are in a dis-
tressing condition.

*The greatest efforts must be made to give them the urgent succour which is
necessary.— Central Nens.
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The fact that the large waves reached Trieste, Rocca di Papa, and
Nicolaiew at about the same time, and the English stations 10 minutes
later, also indicate that the origin of this shock was in Greece.

No. 250, January 24~25.  Chrigin, Mexico.

L. AL 8. M., s, 1. Y =,
Time at the origin . . . — — 23 43 03
Shide . . . . .23 47 427 —_ 0 34 42
Kew. . . . . .20 47 24 9 0 0 35 30
or 43 24
Nicolaiew . . ; . 23 57 30 4 0 0 12 0
or 10 ©
Roeea di Paya . : . .0 0 0 — _—
Cataniaz . . . . . 0 1 43 —_ Uncertain
Toronto . . . . .23 50 24 O 7 10
Victoria, .C. . . . o2 51T — 0 4 10
Trieste . . . . . 93 58 24 —_— 0 48 0
Bombay (23th). . . .12 57 B9 — —
Potsdam . . . . .23 48 0 - —
Mauritins . . . . , —_ _— 1 15 45
and 1 19 0O

At Shide the early part of the disturbance is eclipsed by air tremors.
The first echo, the amplitude of which is equal to that of the maximum
at Oh. 34m., was at Oh. 37Tm. The Kew record is distinctly smaller than
the one from Shide, the amplitudes at these places being 4 mm. and
6 mm. respectively.

The following notes throw light upen the nature of the shock near to
its origin, and other disturbances, with which it has been confused.

The Sub-Director of the Central Meteorological and Magnetic
Observatory in Mexico, Senor José Zandejas, writes to Professor R, F.
Stupart of Toronto, as follows :—

¢ QOwingto the temporary absence of Senor Barcena, T have great pleasure
in answering your favour of January 26 last, and inform you that the
shock of earthquake on the 24th of the same month was felc here at
5h. 23m. (local time) and lasted 2 minutes, causing some damage to
old buildings, but cannot be classified as very strong. Generally they are
not in the capital. It was felt from Vera Cruz on the east to St. Blas
on the west, both seaports, one in the Gulf and the other on the Pacific,
declining towards the south to the Pacific Ocean and Techuantepec
Isthmus, incloding the States of Jalisco, Colima, Michoacan, Guerrero,
Pueblas, Flaxcala, Mexico, Oaxaca, and Vera Cruz, which is the territory
where earthquakes are generally felt and in which the volcanos of the
Republic are situated.

¢ As these phenomena have not been sufficiently studied, it would be
hazardous to point out a determinate point of convergence of their
probable origin, but it has been noticed that the greatest intensity and
frequency of these earthquakes take place in the States of Michoacan,
Guerrero, Oaxaca, and Chiapas to Guatemala, &c., and might extend with
still greater violence to the Pacific Ocean.’

In a subsequent letter Senor Zandejas corrects the above time to
January 24, 529 AwM.,, and adds that there was a second shock at
5.9 p.M. (mean local Mexican time), The former was slight and the latter

was strong.
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The United States Monthly Weather Review for January gives the
following note : —

‘Reports from Mexico deseribe the earthquake of Monday evening,
January 24, as the severest ever known in the City of Mexico. The first
oscillation began at 909 (local time). It was from north-east to south-
west, and lasted lm. 56s. Three minutes later came a second shock,
which lasted 5s., oscillating north-west and south-east, The earthquake
was felt over the entire Republic of Mexico. Av Coliraa it lasted
Im. 20s.; at Vera Cruz it Jasted 10s. But few reports of this earth-
quake have been received from the United States, although it must
have been feebly felt at many stations.

‘At San Barnardino, Cal, a shock was felt at 4.50 ».m.,
January 25. The newspapers of that city state that the shock was of
little greater severity than usual, and that the barometer dropped from
30-12 to 29-86, “ an unusual occurrence, &c.”’

Mr. O. H. Howarth, who is interested in recording earthquakes,
writes to me from Hacienda de Zavalita, Oaxaca, Mexico, as follows :—

‘T think you may be interested to have a local note about the earth-
quake shock which occurred here on Tuesday, January 24, being the
longest and strongest I have yet experienced in this country. The time
was 5.25 a.M., and the duration, as near as I could getit, 20 seconds. We
are situated here about 13 miles south-west of the city of Oaxaca, in a
winding cafion, well up into the mountain range : altitude, 6,200 feet.
We seem to be all agreed that the wave approached from the south. The
formation of the whole district here is a very hard gneissic granulite in
which oceur the quartz veins with gold. The feature which struck me
most was the sensation (which I have not experienced before), of the
wave grinding its way through a hard resisting medium. Just at the
climax there was a peculiar jerk, as if it had changed its direction, or met
with some exceptional obstruction. The noise was considerable, and
some of our people were on their knees saying their “ Ora pro nobis” with
great vigour. One of them told me to watch the clouds, and for three
hours afterwards I noticed heavy mist down upon the high ridge at the
head of the cafion (8,700 feet), which otherwise we never see at this time
of the year—the middle of the dry season. I cannot see any direct
reason for an atmospheric change, but there is no doubt that a big
condensation occurred. The shock seems to have been unusually long
and severe in the city of Mexico (200 miles north from here)—
Im. 36s. (this I doubt), and damage was done at some points; but
probably the accounts which reach England will be exaggerated as
usual.’

On May 29 Mr. Howarth again wrote me, saying that in Oaxaca
where he was (200 miles south from Mexico City), there was a severe
shock at 5.25 a.m., a slight tremor about 11 A, and another slight
shock about 5 .M. In Mexico City this was reversed, the slight shock
being at 5.23 a.M, and the heavy one causing damage about 5 p.m. The
tirst coming from the south to reach Mexico City would have to traverse
the great range of Popocatepetl, Ixtaccehuall, and Ajusco, by which it
would be absorbed or diverted, and therefore whilst strong in Oaxaca, it
would be feeble in Mexico City. If the second came from the north or

1899, P
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north-west these effects would be reversed. The only effect at Zavalita,
near Oaxaca, on January 24, was to crack walls, and to bring down a load
of loose rock at the entrance to a mine tunnel, and in this way it acted
as a service. In Oaxdca the intensity of local shocks is remarkably
variable at short distances.

The conclusion we arrive at from the above notes is that we
have to deal with the shock felt severely in Mexico at 5.9 .M., or at
11h. 45m. 31s. G.M.T. The time at the origin would be about Zm.
earlier than this, or 11h. 43m. 31s.

Velocities of transit, on the assumption that the disturbance originated
at 23h. 43m, 31e,

1 epe s
Time of Transit Length of path | Ve]o;:)l:;e: elcr_l ks,
Place | | PT’s 'LWs
PT.s | L.W.s | Degrees! Arc | Chord/_ !
) | Are ! Chord! Arc
M. S | M. S XMs8, | EMSs. ‘
Shide. o4 ) s 80 | 8880| 8170! 33 32 . 25
Kew . .| 3 53or 53 59 80 8880| 8170 388 or. 35ecr 26
12 53 E . 11-5 105 ;
Nicolaiew . 114 1 D 2829 100 |11100| 9744 131 | 115 | 647
Rocea di Papa . 16 21 @ — 92 | 10212 91501 104 93 | —
Catania . 11812 1 — 97 10767 956261 98 87 ‘ —
Toronto . . 6 53 ! 23 39 30 33301. 3292 80 i 79 | 28
Victoria, B.C. .' 7 36 : 20 39 34 37741 37191 82 ! 81 30
Trieste . .1 14 53 64 21 ! 91 10101 | 9072! 11-3 10-2 26
Bombay . . 14287 ~— 141 |15651'11990¢ — | — . —

Because the commencement of the Shide seismogram is partially
eclipsed by air tremors, there is no certainty in the determination for the
time of transit of the P.T.’s. The Kew seismogram is perfectly clear, and
shows a very small movement, commencing at 23h. 47m. 24s., which nine
minutes later is reinforced by slightly larger tremors. The commence-
ment of this second group leads to the determination of the velocities
11-5 and 10-5 kms. per second. Records from Shide, Kew, Toronto, and
Victoria, which relate to large waves, are distinctly comparable, and the
resulting velocities are fairly in accord to what previous investigations
would lead us to expect. The velocities obtained for the preliminary
tremors are, however, apparently too high, and suggest that the time
determined for the origin of the shock is a little late. When more defi-
nite information is obtained from Mexico this may be altered.

The amplitude of the first maximun and the time interval to its ¢ echo.

Interval Amp.

M. S. MM
Shide . . . . . . . . . .3 0 6
Kew . . . . . . . } . . 6 30 35
Toronto . . . . . . . . . .5 0 Th
Victoria . . . . . . . . . . 4 30 17

A good seismogram has been received from Swarthmore, Penn.,
U.8.A,, but its time scale has not arrived in time for publication.
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No. 251, January 30,

oM. S H. M 5.
Shide . . . . . . . 18 55 42 — —_
Kew . . . . . . . 18 45 48 — —
Nicolaiew . . . . . . 17T 69 30 — 18 25 O
Viatoria, B.C. . . . . . . ? —_— —_—
Madras . . . . . . . 17 48 19 — 17 52 25
Bombay . . . . . . . 17 30 16 — 17 358 34

No. 262, January 31.

H, M. S H M. 8
Shide . . . . . . . 11 22 47 — 11 25 ©
Kew . . . . . . .11 21 48 — 11 25 O
Toronto . . . . . . . I1 868 0 -— 11 37 12
Victoria, B.C. . . . . . .11 40 0 — 11 41 28
Bombay . . . . . . . 312 23 20 Dislocation.

The time intervals for the L.W.’s indicate an origin to the south of
the Azores or off the coast of North Norway.

No, 253, January 31.

H, M. &8, M. S, M. M., SH.

Shide . . . . . .17 32 31 2 30 17 35 0
Kew . . . . . .17 31 18 —_— —
Nieolaiew . . . . .17 1 30 12 30 17 15 0
Bombay . . . . . .17 16 21 — —

No. 254, February 23.

H. M. S. M. s H. M. s,
Shide . . . . . . 13 47 23 2 0 13 49 53
Kew . . . . . . 183 49 30 —_ —
Bidston . . . . .12 50 0O —_ —_—
Toronto . . . . . . Uncertain — i1 4 0
Victoria . . . . . .14 6 40 — 14 8 33

The time intervals for the L.W.'s suggest an origin west of Cape
Verd.

No. 255, Febrnary 26,

H. M. 8 ., M. 5.
Shide . . . . . . .18 47 29 — 13 48 0
Kew S . . . . .13 49 0 — — :
Victoria . . . . . . .14 6 23 — 11 8 24
Trieste . . . . . . .13 48 18 — 14 0 42
Origin probably near to that of No., 254.
No. 256, February 27.
H. M S. M. 8. H. M. 8,
Shide . . . . . .10 12 19 — Light out
Kew . . . . . . 11 27 30 — —
Nieolaiew . . . . . 11 31 30 2 30 11 37 0O
Toronto , . . . . .11 41 10 —_ 11 42 20
Victoria |, .. . . . H — 11 48 0
Bombay . . . . . . 10 42 20 Dislocation.
San Fernando . . . . .11 35 49 — —
Origin probably the same as 252, 2534, and 255,
r2
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No. 257, February 27,

". M. 8. H M. &,
Shide. . . . . L. 158 26 40 — —
Kew . . . . . . . 158 27 12 — —
Trieste . . . . . .15 28 12 — 15 40 30
Bombay . . . . . . 14 40 50 Dislocation.

No. 259, February 28,

H M. & ., M. 8.
Shide. . . . . . 19 47 38 —_ 1% 48 38
Kew . . . . . . 19 48 30 — —
Toronto . . . . .20 90 15 — 20 1 0
Victoria . . . . .20 5 O - —
Trieste . . . . .19 50 12 — 20 4 30
Bombay . . . . . 20 9 23 Dislocation.
San Fernando . . . . 19 56 49 —_ —_
Origin like 255, de.
No. 260, February 28,

H M. & I, M. 8,
Shide . . . . . . .28 1 &6 — -
Trieste . . . . . . 22 42 48 — 23 14 30

No, 262, March 6.

H M 5. H. M. B.
Shide . . . . . . . 20 52 31 — 20 56 O
Nicolaiew . . . . . . 20 30 0O — 20 34 0O

Kew . . . . . . . 20 36 42 — —_

No. 263, March 7.

H. M. 8, M. 8. H. M. S
Shide . 1 31 17? — 1 33 42 7P.1.)seclipsed by air
tremors.
Kew . 117 42 — 1 53 24
Nicolajiew . 1 5 0 10 0 1 22 0
Rocca di Papa 113 0 —_ 1 52 0
Ischia 1 380 0O — —
Catania .1 18 14 — 1 19 23
Toronto . .1 1% 29 —_— 2 1 0
Victoria, B.C. 1 15 138 —_— 1 16 157
T'rieste .1 & 54 - 1 42 48
Bombay . .0 3 471 —_— —
Mauritios, Mar.6,23 20 0 to Mar 7,1 385 0O
San Kernando 1 49 49 — —

This earthquake had its centre in Central Japan, but until the time of
its origin is more definitely known its complete discussion is impossible.
The Japan Mail of March 11 gives the following description of the
occurrence :—

‘ The earthquake on the 7th instant belongs to the category of serious
shocks. Our daily life in this country is perpetually disturbed by
tremblings and shakings, which become at last so familiar that we scarcely
notice them. Yet not a few of these ugly visitors fall short of calamitous
dimensions by only a narrow margin, and the unconcern with which we
receive them is simply the result of habit. Apparently the centre of dis-
turbance on the 7th instant was somewhere in the vicinity of Osaka.
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Such, at least, is the conclusion arrived at by the Meteorological Bureau,
though the record of damage done suggests that Nagoya may share the
honour. The time telewraphed from Nagoya is 9.45 A.m., and that tele-
graphed from Osaka 9.56, but it is not possible to place much reliance on

these figures. Nagoya city does not seem to have suffered. The damage

occurred chiefly at Ono, Handa, and Chirin, where houses are said to have
been overturned. Wakayama, a.lso, was severely visited, houses and go-
downs being overthrown in the two districts of Nishi-mura and ngashl-
mura. The most accurate accounts come from Osaka. There the direction
of the shock was from south-east to north-west. At first vertical, the
movement presently became horizontal, the latter phase, which lasted
about two minutes, developing the maximum intensity. Apparently the
only personal injuries were not directly due to the shock, but resulted
from a panic among the employees at the Osaka Cotton-spinning Factory.
In attempting to escape from an upper story, several fell downstairs, and
twenty-eight were hurt, two severely. Fuller details may show, however,
that the fa,lhno of chlmneys and buildings was not unaccompamed by loss
of life.

‘ Considering the wide area through which the seismic disturbance on
the 7th instant was felt, it is inferred that the origin of the force must
have been at a point very deep below the surface. “The great majority of
the earthquakes experienced in this country are of dlstmctly limited seope.
Thus the statistics collected by the Seismological Bureau show that out of
2,670 shocks felt in 1891, only eight were felt throughout an area of over
10,000 square miles. The great earthqua,ke on August 28 in that year
made itself perceptible throughout an area of 15,750 square miles, and the
shock on the Tth of this month had a range of 15,000 square miles. The
latter did not reach farther north than Yokohama : it was not felt at all
in Tokio.

¢ A telegram received by the Home Department from Nara Prefecture
gives details of the damage done by the earthquake :-—“ A strong shock
was felt at 10 4.3, on the 7th. At Takata-machi twenty farmers’ houses
fell, and two children were buried in the ruins. At Sakmaimachi a man
wag crushed to death. Other damage is in course of investigation,”

¢ A telegram received subsequently says : “The result of investigation
shows that three persons were killed and 11 injured, 67 houses destroyed
and 24 damaged. The mountains in Amanowawa Mura, Yoshino district,
shook greatly and emitted a thunderous sound, and the ground opened in
parts, landslips occurring here and there, Roads westward of Hirase
have been broken away in places.”

‘Ten workers in the Tenwa mine were buried alive, but were dug out
safely.’

[ Time of transit | Velomty persec¢

i of T.W.s : Distance 4 o1 are
M. ° XMS. |

Shide. . . . . .| 59 l 87 ‘ 27
Kew . . 59 f 86 27
Nicolaiew . ‘ 26 745 5217
Rocca di Papa ! 56 i 88 , 2:9
Catania . . . .' 24 ‘ 90 697
Toronto . . . . . 6 ; 935 | 27
Trieste . . . . . 47 f s;o | 33
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The velacity of transit for the P.T.’s is not given, because small errors
in the time observations lead to marked discrepancies in the final results.

A point of interest in the seismograms is that whilst at Shide and
Kew the range of motion was 3 and ‘8 mm., at Toronto it was only °5,
and at Victoria, the nearest station to the origin (71°), the movement
was barely visible, and so indefinite that certain determinations of time
are impossible. This latter place would be reached along a path entirely
beneath the Pacific, Toronto by a path crossing Behring Straits, and
Shide by a land path across Asia and Europe.

Observations of this nature suggest that oceanic waters exert a damp-
ing effect upon the earth waves traversing their beds.

No, 264, March 12,

H M 8 M. H, M. S
Shide . . . . 9 55 10 9 10 26 12
Kew . . . . 9 B5 42 _— —_—
Nicolaiew . . . . 9 41 30 25 10 11 0O
Toronto . . . . 9 52 11 — 9 58 7
Victoria, B.C.. . . 9 49 55 — 9 5% 30
Trieste . . . . 9 63 6 — 0 7 18
Batavia . . . . . —_ — 10 8 12
Bombay ., . . . .10 31 41 — —
Calcutta . . . . 8 51 20 — —
Mauritius . . . . — 8h.20m. to 10 50 O

The L.'W. records for Toronto and Victoria, followed 13 and 27 minutes
later by records at Batavia and Shide, suggest an origin in the Mid-South
Pacific.

No. 266, March 19,

H. M. =,
Shide . . . . . . . . . . 13 45 35
Victoria . . . . . . . . . 13 15 43
Trieste , . . . . . . . . . 1?7 24 12
Toronto , . . . . . . . . . 13 24 297
Calcutta . . . . . . . . . 12 36 18

This disturbance probably travelled from the western side of North
America towards Europe.
No. 267, March 21,

H M. 8, H, M. S,
Shide . . . . .14 58 47 —_ 15 38 17
Kew . . . . .16 25 30 — —
Trieste . . . . .14 46 24 — 15 22 12
Catania . . . . 14 46 24 —— 14 57 30
Calcutta. . . . .14 43 6 —_— —
San Fernando . . .15 68 19 — _

The movement apparently crossed Europe from the east or south-east.
No. 268, March 23.

H. M. S, M. S, H. B, 8.
Shide . . . .10 45 16 18 © 11 16 1§
Kew . . . . .11 0 80 — 11 20 12
Toronto . . . . .10 41 52 — 11 6 0O
Victoria, B.C. . . 10 35 47 — 11 17 17
Trieste . . . . .10 42 48 - 11 5 6
Catania . . . . .10 34 15 — 11 9 48
Bombay . . . . .11 42 30 — 11 47 46
San Fernando . . .11 40 384 — —_
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Apparently we have two small shocks, and it is difficult to discriminate
between the commencements of the first and the second. For Shide,
Toronto, and Victoria the times of the L.W.’s refer to the second dis-
turbance, which may have originated on the western side of the Atlantic.

No. 269, Mareh 23.

H M. 8. H. M. 8.
Shide . . 14 57T 41 — 14 59 0O First of three maxima.
Kew . . . 15 0 24 - - 15 14 42

Victoria, B.C. .14 055 20 — 15 5 11

Trieste. . . 14 30 o — 14 47 24

Toronto . . — — 14 45 47

Catania . .14 18 1 — 14 b4 45

Calcutta . . 13 12 88 — —_

No. 270, March 25,

H. M. 8. H, M. .
Shide . . . . . . 14 53 19 — 15 28 0O
Kew . . . . . . 14 54 0 —_— —_
Toronto . . . . .14 44 871 — 14 a6 BT
Victoria, B.C. . . . . 14 46 25 — 15 0 12
Trieste . . . . . 14 53 30 — 14 55 18

San Fernando . . . .14 562 19 — e
To suit the LW, intervals for Toronto, Victoria, and Shide, an origin
may be sought on the West Coast of South America.
No, 271, March 25.

H, M. €.
Shide . . . . . . . . 20 39 b2
Kew . . . . . . . . 20 46 6

Farthquakes recorded at Shide, I.W., and also at distant stations, between
February 27, 1898, and April 3, 1899,
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EARTHQUAKES RECORDED AT SHIDE, 1.W, &C.—continued.
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Records were kindly sent to me from Rome, Pavia, Livorno Castello,
and Catanzaro, which unfortunately arrived too late for insertion in this

report,
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Larthquakes recorded at Shide and at Distant Stations.

The preceding table shows the earthquakes which were recorded in the
Isle of Wight and also at distant stations, When comparing the records
at one station with those taken at any other station, consideration must
be given to the dates on which these stations commenced their observa-
tions. For example, the Kew entries corresponding to those at Shide lie
between Nos. 195 and 271 or April 25, 1898, and March 25, 1899, Just
as comparisons may be made between the Isle of Wight list and that from
Kew, showing that many carthquakes werc recorded at the former place
which were not recorded at the latter, exactly opposite comparisons might
be made. For example, whilst the above list indicates that Kew only
recorded forty-two disturbances out of fifty-seven noted at Shide, the
complete register for Kew (p, 166) indicates that at that place seventy-five
disturbances were noted, and it 1s possible that more than forty-two of
these were common to other countries.

Although the Indian stations have recorded earthquakes which have
also been observed in other parts of the world, in consequence of difli-
culties largely the result of a tropical environment the value of many
selsmograms has been impaired. Until these difficultics have been over-
come the frequency of earthquakes common to India and other parts of
the world can only be imperfectly indicated.

Although the instruments at Bidston and Kdinburgh have yielded
excellent results respecting slow changes in the vertical, and as such are
important adjuncts to a seismological laboratory, yet the above tablle
indicates that they fail to pick up many earthquakes.

Analysis of the Table from a Seismometrical Point of 1ew.

The last line of the table shows that Kew, Toronto, Victoria,
Bombay (1), Nicolaiew, Potsdam, and Trieste have recorded more earth-
quakes in common with the Isle of Wight than have been recorded at the
Italian stations. This conclusion is more clearly indicated in the follow-
ing table :—

Out of 57 records at Shide 42, er 73 per cent., are common 1o Kew

5 61 " " 23 ,, 37 1 " Toronto

s 32 . . 18 ,, 56 " . Victoria, B.C.
s 42 » " 9, 21 . v Batavia

»w 60 ’ " 35, 08 " " Nicolaiew
w48 s 1 29 ,, 60 " " Potsdam
w20 ' » 18, 65 " " Trieste

» B6 " . 25, 38 " " Italy

If the Italian stations are taken separately the percentage for each is
lower than that for Italy as a whole. When we compare the twenty-four
earthquakes recorded at Shide, Nicolaiew, and Potsdam which lie between
Nos. 182 and 250 with those noted in Italy, we see that six of these, viz,
Nos. 182, 185, 210, 231, 248, and 264, apparently escaped observation in
the latter country.

Again, out of thirteen disturbances noted in Trieste and in the Isle
of Wight, only six of these, viz. Nos. 255, 257, 259, 260, 264, and 266, are
found in the Italian register. It will also be observed that some of the
shocks which escaped the Ttalian instruments were well recorded in Toronto,
Victoria, B.C., Batavia, and other places; and it may be added that
if we except Nos. 182, 260, and 266, the seismograms representing these
shocks from Shide, Potsdam, and other places are of marked magnitude.
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Although it may be suggested that these omissions in the Italian
registers of earthquakes which have spread over large portions of the
world are due to a want of sensibility in the instruments employed in that
country, such an explanation does not accord with the fact that these
same instruments with their frictional indices pick up the small pre-
liminary tremors of large earthquakes with apparently the same exactitude
as the seismographs do which record photographically.

Whatever may be the true explanation of these lacune, it must be
remembered that the open diagrams from the Italian instruments furnish
information not obtainable from the majority of the photographic appa-
ratus, and they are, therefore, indispensable to fully equipped iabora-
tories.

Time Intervals between the arrivals of Farthquakes in Victoria, B.C.,
Toronto, and Shide.

1. Intervals in Minutes between the arrivel of P.1s and L.W.s at Torento and Shide
after reaching Victoria,

No. of Shock  Toronto Shide Toronto Shide
¥, M, M. M,
235 3P.T>s 14 PTs — —_
239 3 " 13 11 - -
246 1z ,, 23 ,, J— —
248 o ., T . 2LW,)s 28 LW.s
250 — — 3 4 ar QOrigin, Mexico
266 9 ¥ 30 ”» - -
268 6 10 ,, ? — —_—

Asitis known that No. 250 originated in the vicinity of Mexico it may
be inferred, from the similarity in time intervals, that No. 248 originated
from the same region. No. 246 probably travelled from the Pacific in an
east direction through Victoria across North America to Toronto and on
to Shide. Nos. 235 and 239 had similar origins well out in the Pacific
considerably to the south of Victoria. The group, as a whole, apparently
represents adjustments along the western frontier of the North American
continent.

2. Intervels in Minutes between the arrival of P.1.)s and L.W.s at Toronte and
Victoria after reaching the Isle of Wight,

No. of Shock Toronto Victoria Toronto Victoria
M. M. M, M.
188 _ — P.T’s 9 — LW.)s
252 — — 12 16 "
254 — —_ 15 19 »”
256 — — @ z+6 ,,
259 3 18 ., 18 —

The above shocks probably originated on the eastern side of the Mid-
Atlantic, along the line of the Azores and Cape Verde Islands, or off the
coast of Norway.

3. Intervals in Minutes between the arrival of P.1s and L. W.'s at Victoria and
Shide after reaching Toronto.

No. of Shock Victoria Shide Victoria Shide
M. M. M. s.
264 —_ — P.T.s. 1 28 L.W.s.
270 2 9 14 42 ,

Origins probably in the Mid-South Pacific.
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A shock from Japan, No. 263, reached Viectoria first, whilst two and
four minutes later it reached Shide and Toronto.

Lllustrations of Seismograms.

The following illustrations of seismograms are only to be regarded as
sketches of the original photograms. They show the range of motion and
principal characteristics of wave-groups, but they do not show details like
small serrations clearly exhibited in the records from which they are
derived. The numbers correspond with the numbers given for particular
earthquakes in the preceding text. The arrow with its time-mark gives
the time for a particular phase of movement, which is usually that of the
commencement. The number following the letter S gives the time-scale
in millimetres per hour. Thus S=60 means that 60 millimetres equal
one hour.

The locality at which a seismogram was obtained is indicated by the
following initial or initials :—

Isle of Wight . ' . LW, Bombay . . . B,
Kew . . . . K. Calcutta . . . C
Toronto . . . . T Batavia . . . Ba.
Victoria, B.C. . . . V. Mauritius . . . M.
San Fernando . . . 8.FE. Potsdam . . . P.
Madras . . . . Mad. Philadelphia . . . Ph,
8,21.1. 7.38. 35,
X T
1 %
Xo. 182.~1W, 8=50. N0,185.—LW. S=593.
8.95.0, 7.30.0.
G " e oo
2 1
No.182.—P. S=20. Ko. 185, —P. 85=20.

.
12.37.17. \
.
)

W__———

t '
No. 183.—LW. 8=39, Ko. 180,—LW. 5=3593.
12.44.40,
—
No. 188.—T. 5=35823, XNo. 189—P. 8=20.
23.58, 55,

o

No. 193 —I.W, §=53,

Xo. 193 ~T. 8=585.
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Yo.193.—P. 8=20.

No, 196.~I.W. S=5975.

No, 196,—T. S=3%,

16.30. 0, 16.37.18,
RS i SR e
t i
No.186.—P, §=20. No. 196.—S.F. $=60.
6.4.6.

No. 199.—I\WW. S=59.

No, 199.~T. E=50.

17,14, 44,

—

4

No, 210—LW. S5=60.

17.0.0,
Xo, 210—P. 8=20
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No. 215.~P. S=20.
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No. 221, —LW. 8=505. No, 225 —LW. §=595.
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No. 221,—P. S=20. No. 225.—P. B=20.

Ko, 230,—K. BS=6l,

No. 250.—Ba. 8=00D.

16.21.67,

T

No, 25L.—1LW. 5=59'5,

3.54.0.
———-.Q'P-———-————‘
+

Xo. 231.—P. S5=20.

18.21. 45

e

Xo. 232T. S=389.

16.58.52,
N e vr G et D -
T
No, 235 —IW. S=505.
16.,47,29,
N i, 7]

No.235~T. B=38,
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4.12,42,

No. 238.—B, S=59,

12.51.18.

" T R T

13 14,13,
t
N0.239—DB. S=59.
12. 16.
h
No. 240,—-1.W, S=59.
No. 240P. 8=20,
12.43.17,
L b s
+
No. 240.—B 8=59.
19.11,9,

r

No, 245.—L.W. S=356.
19.9.8,
No. 245.—T. S=587%5.
3.58.18.
Na. 246.—LW. S8=5S.
3.47.51.
No. 246.—T., S=58.
3.85.16
e
+
No. 246.—V, S=605.
48. 55,

No. 248.—LW. S=08.
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No. 248—T. S=358.

2.42,30 :h

No 248.—V. 8=60.

No. 250.—Ph. 8=61.

No. 265.—T.W. S$=5825,

1.19.29.

N0.20%—T. 2=59
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9.65.10
———-—.—w -
t
No, 264.—I.W. S=3825,
9.52.11.
»
No. 264—T.
9.5%.0.
e e
t
No. 264.—V. 8=6075.
10.45.16,
—
t
No.268.—I.W. B=>58%.
10.41 .53,
No. 268.—T., 8=58125.
11.17.17,
TN
'A
No. 268V, S=605.
14.57 .41,
At ————yy DD
No. 26%.—I.W. 8=53825,
15.5.11
5
No. 260.—V,
14.53,19,

t
No. 270.—1W. S=58§5

15 9.12.

.

Xo. 210,—~V.

14,46, 87,
et
1

Neo, 270.—T. S=50.

IV, Varieties of Earthquakes and their Respective Durations.

Those who live in a country where earthquakes are frequent must
have observed. that the shocks they feel may at least be divided into two
groups. The members of one of these groups are phenomena characterised

1899, Q
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by their short duration and by the rapidity of their vibrations. The other
group, which in Tokio form about 5 per cent. of the whole, can be felt for
several minutes, and the period of movement is long. With many persons.
earthquakes having this character produce feelings of nausea, and there is
abundant evidence to show that they represent undulations of the surface
of the ground. By the former of these groups, although thcy may some-
times alarm a city, free horizontal pendulnms, unless constructed like a
bracket seismograph, are seldom disturbed, whilst the latter throw such
instruments into violent and fitful motion which, rather than extending
over two or threec minutes, continues for as many hours.

One class of earthquake consists of what are practically clastic vibra-
tions, which have a short life and do not travel to great distances from
their origin, whilst the other class gives rise to surface waves which are
propagated to very great distances.

The earthquakes which are merely elastic shiverings may possibly be
represented at their origin by a blow delivered on a small surtace, whilst
those which are shiverings ascompanied by surface heaving «re the result
of collapse in and along an extensive region.

If we divide earthquakes into these two groups, between which con-
necting links, if they exist, are very rare, we then see an escape from the
prevalent idea that as earthquakes radiate their duration apparently
increases.

Although we know that preliminary tremors outrace large waves, that.
both of these forms of movement increase in period, and that a single
wave at one station may at a more distant station be represented by two
waves, all of which phenomena tend to the spreading out of a disturbance,
it is difficult to realise that an earthquake recorded in Japan as having a
duration of two or three minutes should, when it reaches this country, be
represented by movements continuing over two or three hours. The
circumstances which have led to this supposition are twofold. First, no
distinction has been drawn between the two kinds of earthquakes ; and,
secondly, the duration of a disturbance near to its origin has been deter-
mined by a method very different. from that by which it was determined at
a distance.

When these considerations are neglected the results we may arrive at
are well illustrated in a paper on ‘ Earthquake Duration’ by Dr. E. Odone
(‘ Atti della Reale Accadcmia dei Lincei,’ vol. iv. fas. 10, p. 425). We
here find a list of twenty-four earthquakes, the origins of which were at
distances varying between 25 and 11,170 kms. from Rocea di Papa,
Rome, and Siena. At these places the duration of these shocks were
noted by fairly similar seismographs of the heavy pendulum type. A
glance at thig table apparently indicates that the durations of these earth-
quakes had steadily increased with the distances of their origins from the
observing stations. With an origin at a distance of, say, 25 kms., we find
a duration of about 70 seconds, whilst if the origin was at a distance of
9,000 kms. the duration becomes 4,800 seconds.

For the first members of this series, which I will eall local shocks, had
the instruments employed been free horizontal pendulums it is very
doubtful whether they would ever have been recorded, neither would they
have been noted had the pendulums with their multiplying indices been at
distances of a few hundred kilometres from their origins. The common
experience, based on seismographic records of local shiverings in Japan, is
that the duration of movement decreases with distance from an origin, and
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it is only very large earthquakes which can be recorded with steady point
geismographs at distances exceeding 300 miles.

Directly we come to the other members in the list we are apparently
dealing with the duration of earth tilting, and with regard to any par-
ticular earthquake we may ask for information respecting the duration of
the same near to its origin or at stations between this point and Central
Ttaly, or in countries further afield. The information we have on these
points is, however, scant, but such as exists is far too definite to be
1igrored. For example, Dr, Odone gives in his list the Japan carthquake
of March 22, 1894, on which occasion the seismographs at Rocea di Papa
and at Rome were respectively agitated for 1h. 3m. and 1h. 20m.

Because the duration of this earthquake as recorded by a bracket
seismograph in Tokio was ten seconds, it must not be assumed that we
have here an illustration of a seismic movement inereasing in its dura-
tion as it radiated. On this occasion, after feeling the first heavy move-
ment, I went to my observatory and watched the boom of a horizontal
pendulum follow very irregular heavings of the ground for some fifteen
minutes, when I was joined by my colleague, Mr. C. D, West, and we
continued to watch the erratic, fitful movements for 1h. 47m. longer.

We have in this instance—and others might be quoted-—distinct
evidence of earth movements near to their origin continuing for a very
much longer period than they were observable at distant localities. What
was noted in Europe were the earthquake precursors or preliminary
tremors, the duration of which increases with distance from an origin,
and, after that, the earthquake echoes with possible traces of waves
which had travelled round the world in a direction opposite to that con-
stituting the maximum phases in the seismograms. In Tokio, although
the preliminary movements were of shorter duration than in Europe, the
total duration of the disturbance in that city, on account of the great
length of the concluding vibrations, seems to have exceeded that which
was recorded in Italy.

The shiverings of our world recur on the average every thirty minutes,
but the heavy breathing or true ground swell does not happen more than
once a week. Popularly they are both earthquakes, but they differ in
their character, in their duration, and probably in their origin, and as
they radiate, their life, as exhibited at stations farther and farther remote
from their origin, rather than increasing becomes less,

V. ZEarthquake Echoes.

{This and the following Section are in part abstracted from Notes published in
* Nature,” February 16 and March 1, 1899,)

An earthqyake disturbance as recorded at a station far removed from
its origin shows that the main movement has two attendants, one which
precedes and the other which follows. The first of these by its charac-
teristies indicates what is to follow, whilst the latter in a very much
more pronounced manner will often repeat at definite intervals but with
decreasing intensity the prominent features of what has passed. Inas-
much as these latter rhythmical but decreasing impulses of the dying
earthquake are more likely to result from reflection than from interference
I have provisionally called them Echoes.

When an earthquake is comparatively small, and has originated ag a
single effort at no great distance (one or two thousand miles) from the

Q2
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observing station, the seismogram shows a single set of preliminary tremors,
of short duration, a single set of pronounced vibrations corresponding to,
irregularly delivered originating impulses, and finally a series of concluding
vibrations which rise and fall in value every three or four minutes. That
which appears on a seismogram as a two-blow earthquake terminates
with dual reinforcements. As illustrative of this I may refer to the'Isle
of Wight seismogram of the South Indian Ocean earthquake of August 31,
1898 (see Earthquake No, 230), 'We have apparently here two large dis-
turbances—the first I regard as the shock, and the second as its echo.
They are followed by pairs and groups of echoes. If we closely examine
the group of movements which I call the shock, and compare the same
with its echo (the second pair being too small to exhibit details), we find
that the sub-divisions of each roughly agree in character ; each shows five
phases (three of which are very distinct) of the same relative magnitudes.
After this we get another five-phase group, followed by two groups each
of four phases, beyond which point rhythmical recurrence is lost.

Fig. 2—8hide, Isle of Wight, August 31, 1898,
Duration, 2h. 18m. 0s. Max. Amp. =9 mm.=5"4.

A wery good illustration of what may be multiple echoesis found in the
Isle of Wight seismogram for June 29, 1898 (see Earthquake No. 215).
This is a very large earthquake which probably caused the whole of the
earth to pulsate, and the duration of its preliminary tremors indicates that
it originated at a very great distance. It had a duration exceeding three
hours. The main disturbance shows more than fourteen maxima of motion
which have a fairly symmetrical arrangement to the right and left of a
central dividing line, In the accompanying figure (Fig. 3), which is an
enlargement (1-7 times) of the central portion of the original seismogram,
the line of symmetry is marked S8. To the left of this is the main shock 1,
and on the right is its echo, 1/, a repetition common to many earthquakes.
That violent shocks are, a few minutes later, sometimes followed by a
second severe movement, is well recognised in certain earthquake coun-
tries. In Japan they are called the Uri Kaishi, or return shaking, and
conditions leading to their production are readily imagined. All that can
be said about 2, 3, 4, and b is ihat they have approximately the same
characters as 2, 8, 4, and 5, but inasmuch as the first series have
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travelled more quickly than I, whilst the latter liave travelled more
slowly than 17, it is ditficult to recognise the latter as echoes of the former.
Beyond &’ the vibrations suddenly become small, but they apparently
show such a marked repetition in form and umforxnlty in their time of
recurrence that these characteristics can hardly be the result of accident.
To facilitate comparison these have been enlarged, and are here reproduced,
the later group being placed beneath those which arrived earlier. (Fig. 4.)

The tr 1anoulfu'ly -headed echo 2’ is not unlike 2 ; its sphemcalh formed
successor 3 is repeated in 3’ ; and so we may continue through the series
until we reach the gourd formed 9 and 10 reflected in corre%p(mdmg shape
by 9 and 10/

The time intervals between these corresponding groups are from twenty-

I'rg. 3

eight to thirty-one minutes. We here appear to he dealing with a
series of vibrational groups cach of which took almost 1‘\d(tly half an
hour to travel to and fro between two reflecting surfaces or districts.  1f
the waves were compressional in character the distance between these
surfaces would be about 8,000 kms., buc if they travelled with the velocity

e 2l Minutes -———————-- >

VRS- & 3! #'s5's'7'0 of 10

of the waves of shock this distance would be reduced to something under
3,000 kms. From their period and amplitude it is probable that the
distance lies between these values.

The main point at issue, and the one to be answered before we enter
into further speculations, is ‘whether selsmograms showing this musical-like
repetition can be interpreted in the manner here buﬂffested The con-
cluding vibrations of an earthquake have usually beon regarded as a
disorderly mob of pulsatory movements resulting from spasmodw impulses
which gradually grew feebler as the activity at o seismic centre became
exhausted. The question before us is whether an earthquake dies by a
process analogous to repeated and irreguler settlements of disjointed
materials, or whether it is simply & blow or blows which come to an end
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with musical reverberations inside the world. For the present my opinion
inclines to the latter, and I see in the earthquake followers the likeness
of their parents.

VI. Earthquake Precursors.

The series of movements to which I now refer is the procession of
vibrational groups which run before the main disturbance, with the
smaller of which, under the name of preliminary tremors, we are already
more or less familiar. These precursors have in several respects char-
acters which are exactly the opposite to those of the carthquake followers.
They have a definite commencement, and with large earthquakes group
after group usually increases suddenly in amplitude and period.

Another characteristic of the precursors is that whilst group after group
may grow larger, they become more and more irregular in their contours.
The first of the preliminary tremors, if they ever had any frétillements
have lost the same, whilst those which follow carry serrations which are
marked. This observation, together with that of growth in amplitude,
suggests the idea that each group of precursors starting from a common
origin has reached an observing station by different routes: the first
have come along the path of least time, and the latter, culminating in the
shock, along pa,ths continually spproximating to that of free surface waves.

N ow and again we see in'groups of preliminary tremors a likeness in
contour and arranoement of what is to follow. Near to an origin they
may have a duration of from 1 or 2 up to 10 or 20 seconds, and their
period has been recorded at from } to 4 of a second. When they are
preceded by a sound wave, we have evidence of a very much higher
frequency. If these vibrations have travelled long distances and through
our earth, most records indicate a period of 3 or 4seconds. Records from
Rome have shown periods of less than half a second, but even these are
probably much teo large. My own records only indicate a slight switch-
ing at the end of a light elastic boom, or that the same has been moved
very rapidly to and fro relatively to its steady point. Until a steady
point seismograph with extremely light multiplying indices or some other
special form of apparatus has been employed as a recorder, our knowledge
of this end of the seismic spectrum is not likely to increase.

The last points connected with the earthquake precursors are the
intervals of time which elapse between the arrival of the first tremor and
the largest wave or waves corresponding to the originating impulse and
the duration of the first series of preliminary tremors. As measured on
seismograms for disturbances which have originated at different distances
trom the Isle of Wight Observing Station, these two intervals are given
in the following table :—

! . ! .

i . First P.T. to Duration of first

I Origin . Distance Max. motion in | group of P.T.'s

| in degrees minutes in minutes
Tceland , . . . 17° 4o0rs I-4
Greece . . . . 220 6 3
Tashkend . . . 430 14 1 8
Hayti . . . . 620 l 30 l 13*
Japan . . . . 84° | 47 85

| Borweo . . . 1 1120 56 | 60

* This is dependent on a single observation, and may be too hmh
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These figures are too few in number to be used as a foundation for any
certain coiiclusions, but they may possibly indicate results to be sought for
in future records. With regard to the first sct of intervals, we know that
for distances up to 8° from an origin that the time by which tremors out-
race the main movement may be reckoned by seconds. Adding this fact
to our list, it seems that here we have a table which indicates that as
earbhquakeq travel at first the tremors only outrace the large waves at a
very slow rate, but as the distance from the origin increases this rate
increases. This goes on until a point between 18° and 62° distant from
the origin has been reached, after which the rate at which the large move-
ments are left behind decreases.

One explanation for this is to suppose that the first precursors came
through the earth with an average velocity which observation shows to
increase approximately with the square root of the average depth of the
chord joining the centrum and the observing station, whilst the large
waves travelled round the surface. One ohjection to this view is that
observations exist which show the large waves have apparently travelled
over paths varying between 20° and 110° at rates which, rather than being
constant, have increased from 2'1 to 3-3 kms. per second.

The velocities giving this comparatively slight ditference were however
determined on the assumption that the times at which various earthquakes
originated were known, and there is therefore a possibility that they may
be apparent rather than real.

Also it must be remarked, as pointed out by Dr. C. G. Knott, that if
we regard the large waves as being distortional, inasmuch as the coefficient
of elasticity determining the velocity of propagation of such waves ma
not be greatly influenced by pressure, it is quite conceivable that they
should follow the preliminary tremors through our earth. The question
then arises, whether these larger movements would be left farther and
farther behind their precursors in the manner indicated,

When we come t0 our second set of intervals, which indicate the
duration of the first preliminary tremors before they are eclipsed by groups
of vibrations, which usually grow in size, and appear from their periods
to be distortional, we see that up to a point about 62° from an origin
these figures appurently increase, but beyond that point they grow less.

What we have to explain, in addition to this fact, is “that of the
continuity and growth in magnitude of what very often forms a long and
continuous series of preliminary motions. As I have already stated,
their very appearance indicates that they have travelled on different
paths. The first have followed a path entirely through our earth, whilst
its successors have travelled shorter and shorter distances through the
earth to meet a crust, through which they have completed their journey
to the observing station. The first followed Knott’s brachistrochronie
path, or that of least time, whilst the successors took paths the latter
parts of which were along arcs of increasing length. The result of this
would be that at an observing station vibrations would arrive in series,
each group corresponding to an originating impulse. The last of the
rabble would be the series representing that portion of the main shock
which had travelled entirely round and through the crust.

To complete this hypothesis, I here reproduce a sketch given to me
by Dr. C. G. Knott, showing the probable form of wave fronts and paths
of compressional vibrations passing through our earth.’

The assumption on which this is based is that the square of the speed
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of the movements is a linear function of the average depth, which corre-
sponds, as already indicated, with observation.!

The result at which Knott arrives indicales that the square of the
speed increases at 09 per cent. per mile of descent in the earth, tie
formula being

v?=2'9 4026 in mile second units.

‘With an initial velocity of 1:7 mile per second the velocities at depths
of 400, 800, 1,200, . . . . 4,000 miles, are 37, 4°9, 58, 67, T-4, 81, 87,
9-3, 9'8 and 10'3 miles per second. The times taken for wave fronts to

reach the positions shown are indicated in the diagram, the time taken
to puss through the earth being twenty-two minutes.

I assume that when a wave has passed from its crigin beyond the
region vaguely referred to as the crust of our earth, it then spreads in all
directions through a mass in which there is only an extremely gradual
change in elasticity and density with regard to its centre. All wave
paths, however, before they emerge at the surface, encounter at varying
obliquities the under surface of this crust. For purposes of illustration
we will assume this region of abrupt change to lie on the 400-mile circle.
The path 2’, meets this nearly at right angles, whilst P, P, meet the same
at decreasing anglesless than right angles. After each of these incidences
a condensational wave will be refracted and split up into condensational
and distortional rays. Now it will be observed that these two waves,
which T will call ¢ and d, will have different distances to travel before

' Bee Lrit, Assoc. Report, 1898, p, 221,
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actual emergence, which distances will increase from 2, towards P,
Directly d, emerges, not only will ¢; be eclipsed, but also ¢, cy, comiﬂg
from the direction P, P,, will also be hidden.

At some point like P’;, when the duration of the preliminary tremors
reaches a maximum on towards the origin, the quantity will decrease, if only
on account of the fact that the velocity along the brachistrochronic ray
differs less and less from that of the distortional wave within the crust.
Such a view may possibly explain the rise and fall in the values of our
last column.

The growth in amplitude of the groups of tremors may be due to the
fact that the first group has travelled on the path OF,, whilst the second
has travelled OP, P, &c., whilst the crests of these groups, especially of
those immediately in advance of the large waves, should roughly agree
with the impulses which these represent.

VII. On Certain Disturbances in the Records of Magnetometers and the
Occurrence of Earthquakes. By Joux Miuxe.

In the ¢ British Association Reports for 1898, pp. 226-251, a large
number of records were brought together. showing what has happened at
or about the time of large earthquakes to magnetic needles at various
Observatories. These records may be classified as follows :

1. Those which show that magnetographs have very frequently been
disturbed at the time when their foundations have been moved by the
large but unfelt waves of carthquakes originating at a great distance.
Exampleg of such movements are to be found in the registers from
Utrecht, Potsdam, and ‘Wilhelmshaven. For the particular kind of earth
movement referred to, magnetic instruments at these places furnish
records of value to the seismologist.

2. Those which show that magnetographs are seldom, and then only
very slightly, or in some instances apparently never disturbed at the time
of large earthquakes. This appears to be the case at Greenwich, Kew,
Falmouth, Stonyhurst, Pola, Vienna, Copenhagen, and Toronto.

3. Those which show that magnetic needles have exhibited perturba-
tions, frequently of considerable magnitude, a short time before the occur-
rence of large carthquakes. Asillustrative of such observations, reference
may be made to the registers from Zikawei, Mauritius, Utrecht, and
Greenwich. Similar observations have been made in Japan.

On pp. 248-251 of the above -mentioned report, an attempt is made to-
explain these observations, whilst to extend the same I append the
following table received from P. Barrachi, Director of the Melbourne
Observatory.

Declinometer Disturbances observed at the Observatory, Melbourne,
. Barracui, Esq., Director.

The magnetographs at Melbourne are of the same form and dimensions
as those at Kew, The value of an ordinate of 1 inch in the curves is very
nearly 29', and the time scale corresponds to 147 inches for twenty-
four hours.

In dealing with the curves for Observatory purposes-—as, for instance,
taking mean values, &c.-—oscillations whose amplitudes are less than 2’

! Sce Seismology, Int. Sci. Series, pp. 225, 226,
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are not considered disturbances, but much smaller oscillations than these
can easily be detected in the curves. In order to avoid any arbitration
as to what disturbance should be singled out for the purpose of comparing
with the list of earthquakes, in cases where the curves appeared to be
generally disturbed, or where more than cne disturbance occurred, or
where several disturbances presented different characteristics, Mr. Barrachi
has put down in the following notes all the distinctive features of the
«curves occurring within several hours, in some cases 10 or 12 hours, before
and after the times specified in the earthquake register, noting also every
appreciable oscillation, however small, so that those who make com-
parisons may discriminate for themselves. All times in the list are
mdicated as Melbourne Mean Astronomical Time, the day commencing
at Melbourne noon, the hours being reckoned from 0 to 24. By
amplitude is meant the whole range of displacement. Period means
the time taken for the double swing. When there is a movement from
the neutral line upwards and back to the same, followed some time later
by a movement downwards and back to the same, the latter is said to be
in the ¢ opposite phase ’ to the former. As these two movements may be
1ndependent of each other it will be recognised that the term ¢ opposite
phase ’ is one of convenience. ‘Supertmpoqed waves ' means that there
are small waves which appear as regular or irregular, large or small,
serrations on the trace of larger waves.

The earthquake list referred to by the numbers, dates, and times in the
dirst three columns is given in the ¢ British Association Report’ for 1898,
p- 227.

Melbourne astronomical time is Sh. 39m. 53'8s. in advance of
Greenwich.

1889,
M.M.AT.
H. M,
4  Aprill8. 3 1 | Minute wave from 1h, 40m. to 1h. 45m., amp. under 30"

| followed by still minuter waves from 2h. Om. to 2h. 20m.
2 Julyll .| 20 2 | Minute oscillations commenced 18b. 46m, to 14h. om.,
amp, under 20", larger oscillations of longer period, amp.
above 2/, from 14h. 13m, to 17h, 45m., maximum amp.
at 17h. 20m. about 3'.

31 ., 28. 13 10 | Slightly disturbed from 15h. 40m. to 18h. One oscillation
of long period from 15b. Om. to 15h. 22m., amp. above 2/,
| followed by minute waves of shorter period. Com-
mencement (more accurately), probably 15h. 3om. No

14+ , , .| 15 401, other disturbance before that hour appears on this curve.
5| Aug.25 . 17 17 | Decided (hsturba,nce commencing 9h, 50m., with one oscilla-

|

| | tion, amp. 33', pericd 40m., followed by another wave,
awp. 63, time of max. amp. 1th. Sm., then followed by

I less marked and irregular oscillations for 6h., gradually
becoming normal shortly after.

1891.

6 ' Oct. 27 . 19 18 ' Curve disturbed from 7h. 5m. max., disturbances at Th. 5m.,
; ' | with a large wave amp, 6', perlod 38m., and at 14—h 40m.,
! : | with a large wave in opposite d]rect,lon amp. 7, period
; . I 47m., followed by minute waves of veryshort period tili22h.

1892,

Slight, but well marked disturbance, commenced 8h. 30m.
ending 9h. 35m., consisting of two waves, amp. from
4 to b’

Mar. 16 . i 11 2
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8| Mar. 16 .

9 | April19 .
10 | May 12.
11 | Qct. 19 .
12 | Nov, 4 .
13 w 27
14 | Dec. 8,
15 ,, 19.
16 | Jan. 28
17 s 31
!'8 ” 17
19 { Feb, 6.
20 -
21 w 9.
22 woow
23 5w
24| , 13.
25 w 16 .
26 n ” .
27 s 21 .
28 ” ”
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M.MA.T, .
H, M. |
15 2
9 10
3 23
2 1
15 ¢
15 37
22 59 |I
|
22 14 ;
21 9% ’
1 59 |
22 19
|
14 47 '
!
16 44 |
|
15 53
19 20 |
20 40
14 40
2 57
R
9 44
4 53
11 58

Curve very slightly disturbed, from 12h. 50m., showing
minute waves of irregular period and amp., but less than
2'.  Almost normal after 15th.

No disturbance.

Minute, sudden, and very short disturbanee commencing
23h. 45m., May 11, duration 6m., consisting of two
minute waves, amp. 1'.

HSudden decrease of E. declination indicative of sudden dig-
turbance, commencing 1h. J0m., max. amp. of disturb-
ance 6', followed by minnte waves of two hours, amp.
only a few seconds of arc. Very considerable disturbances
from 6h. 10m. continued for many hours after.

Disturbance, commenced 11h., with a large wave, amp. 11/,
period 1h., followed by another large wave, amp. ©,
period 25m., minute and irregular waves between.

No disturbance preceding, but minute oscillations shown
after 17h. 30m., amp. about 1°.

Slight disturbance at 19h., Dec. 7, cousisting of a warve,
amp. 34', period lh. 20m., commencing 18h. 20m,,
followed by very minnte oscillation of amp. under 1.

Very minute disturbance at 19h. 37m., consisting of asmall
wave, amp. under 2’,

1893,

i Minute and irregular oscillations commencing at 17h. 10m.,

amp. generally under 1’, but in one wave at 19h, 10m.,
and in another at 19h. 34m., the amp. is 8',

No disturbance.

Very slight disturbance shown, consisting of minute oscilla-
tions, commencing at 19h. 2Tm., max. amp. 21’ at
20h. 15m.

Curve considerably disturbed from about 11h. 30m. Sudden
and more marked disturbance at 12h. Om., amp. of oscil-
lation being 9’, another marked oscillation at 14h. 47m.,
amp. 71’ in opposite phase from the former. Followed
by @ large wave, period 1h., amp. §' in opposite phase to
the preceding. This wave is superimposed by minute
oscillations.

Minute waves of very short period following after from
16h. 30m. for several hours afterwards, amp. from under
1' to 24",

| Very minute oscillations from 17h. 30m. continued for

more than 4h., max. amp, about 13'. Only one of these is
somewhat more conspicuous than the others, this occurring
at 18b, 55m. and perhaps another at 20h. Om.

No disturbance.

Curve disturbed considerably from 22h., Feb. 15, but shows
no special characteristic to indicate the commencement of
a sudden disturbance. The curve shows a series of waves
of irregular period and slightly varying amp. not exceed-
ing 3' generally; but one wave is quite conspicuous,
This occurs at 8h. 40m. max, phase, period 1h. 20m,,
amp, about 10’ (ten minutes of arc).

No disturbance preceding a wave, amp. 3’, commences
6h. 25m., ends 6h. 57m., followed by two minor very
minute waves ending 7h, 45m,

Curve almest normal, a few very minute oscillations, amp.
under 1’ oceur from 1lh. 10m. and continue for nearly
12 hours after; of these only one is somewhat more
conspicuous than the other. This occurs at 13h. 25m.,
amp. about 2',
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29

31

32
33

34

36
37

38
39

40

42
43

44

45

53

Feb. 22 . .

Mar. 2

. 14

» 20 .
» 23 .

April 8 .

. 17

» 23 .
» 29 .

May 2.
» 18,

May 18 . !

. 23

June 3 .

”» [

» 10,

n 14

14
18

11

31

28
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Minute oscillations occur throughout for about 13 hours
preceding this given time. The most conspicuous of these
small and irregular osciliations occurs at 11lh. 35m.,
period 28m., amp. 3.

Very minute osecillations commence at 18h. 23m., continued
till 22h., amp. under 2'.

No disturbance preceding. The curves commence to be
disturbed at Th. 30m.; oscillations at first very small,
but greatly ircreasing after 11h. 30m., considerably dis-
turbed for more than 30 hours after.

! No disturbance whatever.

Very slight disturbance commencing 13h, 20m., consists of
a small wave, period 5m., amp. 1}, followed by other
very minute waves, amp. under 17,

Decided disturbance commenced at 7h. Om., consisting of a
large oscillation, period from T7h. Om. to &h. 27m., amp.
71, with some minute waves superimposed.

. Very slight disturbance at 2h. 15m., showing =z small

oscillation, period 15m., amp, 1}/, followed by a few
almost inappreciable waves, amp. only a few seconds of
arc.

. No disturbance.

Disturbance commencing 8h. 30m. consisting of two con-
secutive waves, period about 25m., amp. 4, followed by
a few very minute oscillations.

No disturbance.

Disturbance commencing 12h, 19m., ending 15h, 10m., con-
sisting of a sudden small oscillation amp. under 2’, followed
by four waves, period 46m., amp. 3.

" 8Small oscillation at 22h., 25m., period 10m., amp. under 2/,
_ Very slight disturbance, commencing at 17h. 15m., amp. of

oscillation abou? 2/, period onc hour.

No disturbance.

Curve for this day slightly disturbed throughout its length.
No particular disturbance shown for some hours before or
after the given time,

Carve for this day slightly disturbed throughout its length.
No particular disturbance shown for some hours before or
after the given time.

No disturbance.

Very slight disturbance (if it can be so called) at 3h. 45m.,
consisting of a small oseillation, period 20m., amp. about
1'. This curve shows oscillations of this kind throughout
at irregular intervals. Probably this should not be called
a disturbance.

Minute oscillations throughout the curve. XNo special dis-
turbance showing.

No disturbanece.

XNo disturbance.

Disturbance very slight at 18h. 15m., consisting of a small
wave, period 30m., amp. under 2',

Very minute disturbance at 16h. 55m., consisting of a small
wave or oscillation, period 9m., amp. under 2.

This carve is very much disturbed throughout; but it shows
two very conspicuous and larger disturbances, viz. :—One
from 8h. 20m. to 9h. 5¢m. with amp. of 17', and another
with amp. of 11', at from 10h. 5m. to 10h. 40m,

. Minute disturbance commencing at 19h. 55m., consisting

of a series of minute waves, max, acp. 14"

Disturbance commencing at 5h. 10m. and continuing till
17h., but gradually decreasing in amp. from 53’ to
nothing.
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66
67

68

69

|

s 290 .

June 20 .
July 10 . ¢
»w 12,

Jan, 18 . |

July 8 .°

Aug. 9.

Nov, 13.

June 16 ,

» 29
Aug, 26

M.ALAT.
H. M.
8 17
15 22
17 35
1 5

P33 25
8 10

L1157

i
9 20
6 40
18 48

C 12 17

| 2) 23

l' 15 I8

|
19 11

1 9 26

i

!

| 18 42
21 2

I 6 3
21 42
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1894.

Large disturbance commencing suddenly (after a long
series of minor oscillations) at 5h. 30m., max. amp, 21m,,
curve disturbed throughout its length.

Curve somewhat disturbed throughout, but a slightly more
marked disturbance is shown at 14h. Om., with an amp.
of 4},

Disturbance (slight) at 9h. 55m., rather sudden displace-
ment of 3%, followed by a series of oscillations of very
small amplitude and long period.

Very minute series of oscillations commencing at 23h. 10m.,
April 28, ending at 23h. 556m., amp. under 2'.

Small escillations appear throughout the curve. No special
disturbance noticeable.

Same as above, but a slightly larger oscillation occurs at
from 6h. to Th., amp. 3%".

Disturbance at 9h. 20m., rather sudden displacement of 5/,
followed by a series of minute oscillations.

Disturbance commencing 8h, Om., with a displacement
attaining its maximum of 6’ in 20m., then followed by a
long series of minute and short waves for four hours.

Disturbance at 1lh. 4m., rather sudder displacement of 4/,
returning to normality at 12h. 40m.

Disturbance commencing 11h. 15m., curve continuned dis-
turbed for 11 hours after; but there are two oscillations
more conspicuous than others; ore of these occurs at
15h. 20m., amp. 6', period 50m., and the other at
18h. Om., amp. &', petiod 35m.

1895.

" Curve slightly disturbed throughout, viz:—From 22h.

January 17 to 22h. January 18; but shows two waves, or
displacements a great deal more conspicuous than alt
others, One of these occurs at from Th. 20m, to 7h, 55m.,
being a wave of 4’ amp. The other is a sudden displace-
ment of 83, and occurs at 18h, Om.

Curve slightly wavy throughout. XNo special disturbance
noticeable.

t Large disturbance from 5h. to 7h, 30m., consisting of a

single wave, amp. 11, superimposed by minute and
irregular waves, amp. under 2',

. Curve disturbed at several places. The most conspicuous

displacement occurs Jbetween 17h. Om. and 18h, Om.,
consisting of a wave of 10’ amp., followed by short minute
waves for several hours.

1896.

Disturbance commencing at 8h. Sm., showing a wave,
period 45m., amp. 8'. Another larger displacement
commences at 10h. 40m,, amp. 12', curve considerably
disturbed for the following 12 hours,

Curve very slightly wavy (minute oscillations amp. under 2"
from 16h. to 22h. No special disturbance.

Slight displacement commencing 11h. 55m., ending
13h. 30m., amp, 5', followed by a series of minute oscilla-
tions, amp. less than 1',

No disturbance.

Curve disturbed largely at several places, conspicuous
isolated disturbance at from 6h. 20m. to 7h. 16m., amp.
12'. Another at from 14h. 40m, to 15h. 5m., amp. 8,
followed by minute and short waves till 20h,
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M.M.AT.
H. M.

74 ! Sept, 14. 8 10 i Slight dilsturbance at 6h. 55m., being a wave period 20m.,
! amp. 2%,

% . 22, 2 33 ’Conspicu?)us isolated disturbance at from 6h. 30m. to

7h. 30m., being an oscillation with amp. =113}",

76 | Nov. 1. 2 58 | No disturbance.

. 1897,

771 Jan, 10 . | 18 58 ! Yery minute oscillations, amp. under 2', commencing
| 14h. 8m., continued for § hours, then at 19h. 40m. a
| slightly larger oscillation occurs, amp. 2}, followed by
I another of same amp., but opposite phase.

78 | Junel2 . 9 9 . No disturbance.

79 | Aug. 4 .| 22 2 | Very slight oscillations of small amp. about 2’, and long

period, commencing at 14h. 50m. Hardly to be called a
| disturbance.

80 | Sept.20. | 17 4 ° Né¢ disturbance.

81 s 21, 3 8 | No disturbance.

82 | Dec.28 .1 18 34

83 » 29, 9 20

YIII. Form of Reports.

It is desirable that Reports on Earthquakes should contain the follow-
ing information :—

1. Greenwich Mean Civil Time (midnight = 0 or 24 hrs.) of the com-
mencement of motion.

2. The duration of the first preliminary tremors (P.T.’s) usually repre-
sented by a broadening of the normal line.

3. The interval Detween the commencement of motion and the maxi-
mum motion.

4. The interval between the maximum and its apparent repetition,
which, when it occurs, does so a few minutes later. This is the interval
1 to 1/ seen in fig. 3, p. 229.

5, The amphtude or half-range of the maximum motion expressed in
millimetres and seconds of arc.

6. The total duration of the disturbance.

7. For large earthquakes a contact print, or at least a tracing of
the disturbance, may be appended.

8. The time, duration, and amplitude of 1sola.ted broadenings of the
normal trace. These must not be confounded with air tremors.

For the ordinary working of the instrument, see ¢ Brit. Assoc. Report,’

1897, p. 137.
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