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THE BERKELEY STATION

CONSTANTS -

(CONSTANTS OF THE STATION

Latitude and longitude of the center of the seismographic
room :
¢ = 37° 52’1579 N. Lat. -
A=122° 15" 3676 W, from Greenwich,

Time. All determinations are reduced to Greenwich mean |
civil time.

Altitude, 85.4 meters (280 feet) above mean sea level.

CONSTANTS OF THE SEISMOGRAPHS

Period Magnif. Damping

- e —— Mg

Bosch-Omori Tromometer N-S component . 15s 30 §-1
Bosch-Omori Tromometer E-W component....__  13s 80 8-1
Wiechert Seismograph Vert. component... ... Gs 80 8-1
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SYMBOLS AND NOTATION

1. Character of the Earthquake—
I. Perceptible.  II, Moderately strong.  IIL Strong.

d (terrae motus domesticus) Local shock (origin nearby, perceptible
at the station).

v (terrae motus vicinus) Near shock (origin less than 1,000 kilo-
meters distant ),

r (terrae motus remotus) Distant shoek (origin from 1,000 to 5,000
kilometers distant).

i (terrae motus ultimns) Very distant shoek (origin more than
5,000 kilometers),

2. Phases of the Seismogram—
P (undae primae) First phase, or first preliminary tremors,

PR, Waves n-times reflected at the earth’'s surfaee.
S (undae secundae)  Second phase, or second preliminary tremors.
SR, Waves n-times refleeted at the earth’s surface.
PS Waves changed from longitudinal to transverse

oscillation, or vice versa, through reflection at
the earth’s surface. '

L (undae longae) Long waves, chief phase, or principal part.
M (undae maximae) (Greatest motion in the chief phase.
C (eoda) Tail or end portion.,

F (finis) End of discernible movement.

3. Nature of the Motion—
t (impetus)  Sudden beginning of the motion.
¢ (emersio) Graduoal beginning of the motion.
T' (period)  Time of one complete oseillation.

A amplitude of the motion, measured from the median line in mierons
(#=]ﬂ000 II]IIL).

Ay E-W component of A.
Ag N-S component of A.

Ay Vert. component of A.
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| r Time Perlod il Remarks Pime Amplitode
Jn_i Date ..Chﬂrnﬂ Phase | G .M. C.T. Ap | Ay | Ay No. Date  |Charac.| Phase | o 3" qp | Perlod el Remarks
B (1)) h m s 8 BOISIINE iseernible in N-5 1011 e s s il (7 B
381 1" Aprt 1 ar 152. 1187 +4p 0-3 H":;Ep:}niut. 48| 4 Moy| Tr| Mx il e 4 ;
| L 15 46,  3-0 e M 54 08 10-15] 140 |
| Mg VO 2 My 55 &3 | 55
: | 5, ES (5 May) |2 204 |
vr] 1st1 ly 1n ' : g
30 7 Awn Tul el 6 o0 RS L A e ey 40(10 May| Xv|eP |0 22 s 3-14| | Clearly registered in all
j Mg | 7 08 51 25-20 Birals Aikoernible in i L 23 42, 4-10 | three eomponents.
| | Mg e IEl EFS component My =3 46 |
| h F [8 20= Zi8 L My | 24 22 | 30
| | M 25 12 55 | |
40/10 Apr. 1lu| eP 118 51 21 2-4 Mg 26 36 44 |
| e S (18 &9 14 My 27 37 ] 40
| F 404 | -
| | S ] 5011 May| Iu a .o 8h - —l 25 . | Barely pereeptible — the
a1 11 Apr., Tu| e |14 07 29 Barely discernible long F |6 — — : dying out of the waves
! E {14 39+ flat waves. : of the chief phase of a
felt in Berkel | ; distant shoek.
. 42|18 Apr.. Id| iP (20 200 19| Not felt in Berkeley. | . |
i 1 P i M 9() o0 Periods 10 | 51! 6 June Id | 1P |0 446 3l| # l Not reported felt in Ber-
| | iLMg 90 25 unmeasurable | § i L 46 34| 3-% '. keley.
i F 23.9 — | . M 46 36 — |15 30 6
| ' . : : | C 4G 40, |
| 43119 Apr. Id| iP |5 40 4B Not felt in Berkeley. F 48+
I' i LMg 40 54  Periods 3 £ . _ |
l - | My 40 58| unmeasurable 9 52| 7! June| III » |: . East-West- Comp onen t Focus near City of Mexico.
| | I 43.5 — | ' | e P 111 08 22! 8-10 | -~
| | : | PiS | 13 08] §-10 | Beginning of 2nd phase
| 44119 Apr., Id| iP (12 39 02| Periods Not felt in Berkeley. | i | 14 40, G-8 ‘ hard to distinguish.
| M 39.5 —| unmeasurable | 3 4 | 1| L | 15 48 .
F 40.6° — | - [My ]| 16 08 775 Pen swept off drum to E.
| * | [ Mo }t. 24 99 15 (7501 Pen returned to drum.
45121 Apr. 1 0 2 44 34 Well - marked ;inusm-tal : M | a4 06 570
| Mg 40 50 5 waves at maximum, : Mg | 25 54 ﬁﬂl}-?!
| to to } 5-8 Ms | 27 50 15 {530 | i N
r My 49 — C | 3+ —10-15 | “‘Tail’” a complex of
F |3 20 — | F :1_1 it =t S Ry | 1 superposed waves.
| | | | - |
95  ApT.. e P 96 32 1-3 Not reported felt in Ber- | PSRy 11 13 48 | | | o | et ariae OF reBactall waves
AR SR S el keley. - [heml” 5 ol ] (s Drabably to not capre
L 27 10| 2-9 1 e 15 3 j I 1 sent changes of phase due
Mg 27 14 15 | 7 North -South' - Com pone nt E to reflection.
F 33= - | eP {11 08 22 6-8 | | |
b 18 13 89 — | | Beginning of Znd phase
4728 Apr.] 1r| iP |lI0 02 10 1 Preliminary phases be- T Ao A= ] | ; fairly well marked,
i 1 L 10 '191 a-T came almost 1n1perfelnt- : e 15 48! 05 | | | :
My 10 18 9 ible before the begin- [M1]] 16 33 | 875 | Pen swung off drum to N.
Mg 10 27 7 ning of the chief phuse. E}-Ig ] 04 00  to 4707 Pen returned to drum.
F 260 — ) | Mg 24 27 l 1375 | |
i | Mg | 200 23 30 | (370 |
48| 4 May| IIr| iP |23 46 19 2-5 « [rregular superposed | Ms | 26 131 10,1 (313 ]
| i My 46 29 movements in the prin- .i Mg | g% 330 15 205 | | or-
| 1 L 53 55 20 cipﬂ-.l [mr[‘iml. I RS 5 o2 10 | | I"Tml a eomplex of
| - . F 14 — - } sn]wrpuiﬂml WATES,

!
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Amplituda
e Amplitude
No.. Date [Charae.| Phase Time Perlod e A Romarks ok e Taca st Onarae. Plisea Tirme Period PRRSLOP
_ - — — . l Ag | Ax Ay
1M1 b, - RS ol o [ . 1011 K om s 8 I Tl T
52| 7 Junelllr(|?SRijl 15 09 N g T e 550 2 July] Id | ev [00 545 | Only the vertical seismo-
15Ra 15 =1 times probably do not repre- Iy Ho.3 : graph working at this
l t SR3 15 46 sent ehanges of phase due to r time. Only found after
Vertical Componjent xefaation, | | | reeeipt of information
eP 11 08 235 o-8 1 ny 5 | | from Lick Observatory
e S 13 40/ 10-15 Beginning of Znd phase | Station.
i L 16 37, 19 very well marked. |
My 18 07 to 280 561 2 July] Id | Enst-West- Com ponen t | Not repurted felt at Ber-
Ms 290 431 925 395 | iP |3 00 08 3 keley. _—
| M3 u2 05 370 | iLL 00 16 3-% | No record on vertieal
| M, 93 00 995 1T o0 2 " |94 | . seismograph.
| G 95  16,10-15 . Ma g0 | 23} * |04 |
| F {14 20 — . Mg 00 byl " 0.4
| | C 01 23. 3-5
| SRy {11 156 20 I | Bt 204+ — |
| North-South'-C om pone nt
53/11 June| Id | e P (23 22 19 Not reported felt at Ber- ' iP 13 000 W07
F (28 23 45 keley. (7)) L 00 20
o~ | M 00 43 < | 94 ]
54 1[5_;: Junel IT u East- West-| Complonen|t i ' - Mo i1 03 9.4
< J iP |14 38 28 36 Record in this component | e 3 01 14|
| e S 48 39 B-10 is quite unusual in that | | F 20+ — | |
' - My 48 58 15-20 140 | chief maxima oeecur in | | | | )
- M. 50 01 to | 265 2nd phase. 571 2 July] Id | e 6 20 25 Not felt at Berkeley.
| iL [15 01 38 25 ' * | F 2] 30 'No records in N-S or ver-
| © indefinite | 15-20 | | 1' | tieal ecomponents, Ver-
| | *F (16 22+ — *Record stopped aceiden- ‘ .' | | | tical record lost.
| | tally before the com- | | r | | U )
| plete cessation of earth ‘ 58/ 2 Julyl Td | ez |8 00 44 Not felt in Berkeley.
| North - South|{-Comp onen|t | motion. | | es | 00 45.6 ‘ Barely diseernible short
| i P (14 38 241 3-6 | | K 2.5 —i ! waves. vertical record
| i8S 48 35 8-10 | Beginning of 2nd phase | | | | | | | | lost.
eL [15 01  23/15-25 well-defined and dis- | | | | | |
| M 02 18. 20 G5 | tinet., 59| 2 July| Id | e 13 30 o2 ' | ‘Not felt at Berkeley.
| ,' | C indeterminate | 10-15 | F | 3.5 — J No record in N-S eompon-
‘ | | F 116 16. — | | . | l ent. Vertical record
| i | : 1 lost,
: : Vertical C‘n}m pon ent | ‘ , | " | |
| iP |14 38 22 8-5 | | | | e ]
i M 38 29 125 60| 3 July Id | e |1 34+ — el B0 I
I i~ 48 53 8-10 : | Only found upon ecareful .l | | Record further illegible | | |
' T L (15 01 53| ' ~ search guided by hor- : Eanst-West- Com p onen t l i Lo
' F 16 00 —| . 1zontal eomponents. ; 61| 4 July; Iu| eP [13 ol 36 5 | ‘Beginning is very vague.
| | | ~ | | . e ‘ 2T 44 | ' Motion in vertical com-
a0 1 Jlll}'l III' d | 1 Pg |Time magnet n ot wnrkllug 'V-VT R-F. in Berkeley. ] e (14 02 14'_ | . ponent 1s hPr'El:f' visible
| | *iPx [22 00 38 J | | *Regarded as doubtful— | | M | 864 —| 25 6 | | and quite illegible ow-
| TiPy |22 00 19 probably there was tem- : | | F 15 — - | ing to overscoring due
2-3 porary disturbance to | | | | North - South -Comp onen t | to temperature change.
: ] parallax of writing | | | eP I3 50 39 | | | |
| point, | , e (13 o7 20/ | | | |
| Nee Ihscvasion of this shock [intext rRegarded as very reli- | Ko = " : ’
eCy (22 04 54 5 ' able. | | . ] 3 | : ol
Fe [22 45+ —f . | G2 4 .Iul}'l Id | CE l:](] R 16 : | ‘Not felt at Berkeley.
f l . | | ;

i —
e ¥ T
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No Date  [Charac. Phase G% . | Period — 1'3 MF -
aed < Ag | Ay | Ay |
1011 TR E WG
62| 4 July|] Id eN 34 18 ] TR
F 34 48
63| 5 July| Id ex 1 44 27
N 44 29
F 44 48
64| 8 July| Id P East- West- Gu?'p onen|t
L 9 39 221 % 1.6
K 41
North - South|-Comp onen|t
eP |9 39 14, %
i L 39 24 % 3
F 40.6
60| 8 July Id 2 East-West-/Com plonen|t
4
1L |11 48 211 -1 9
I 494
North-South|~-Comp onen|t
eP?! |11 48 03
iL 45 23] % 1.6
49.6 —
66 [{?.] July| IT u East- West-{Com plonen|t
eP |4 21 39 3-5
i PR 25 02 8
iS 32 15 —
e L a4 08 30
M,y o7 10 25-20 ' 75
Mo | 5 03 29 24
C 04 08 10-15
F |6 23+ —
North-South ~Complonen|t
eP |4 2] 46| 3-6
e PR 25 49 §-10
15 32 19 —
e L o4 40, 30
M 57 00} 25-20 10
C o 043 —| 1O
| F |6 30 —
| Vertical Com ponent
eP |4 21 38
i PR 25 a0
S indeterminate
e L o4 07, 25
M 57 07| 20 10
C |5 04+ —| 18
F indeterminate
67 | 14 y I 91 47

Beg

Not felt at Berkeloy,
Vertical record illegible,

Not felt at Berkeley.,

Not registered by the ver-
tical seismograph.

quinning of 1st phase
indeterminate,

Beginning of 1st phase
very doubtful.

Not registered by the ver-
tical seismograph.

Not reported felt in Berkeley.
Not discernible in N-S com-
Vertieanl record

ponent.
illegible.

1 =)

-iil- P

inning of Ist phase is
-iﬂtlﬁﬁnﬁ-_g__ Phase is.
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T

el faﬁl.t Ber-
illegible because of

*Simply faint thickening

of line for few seconds
at this time. Not dis-
covered until after
study of of Mt. Hamil-
ton seismogram. Not

| recorded in N-8 nor in

vertical component.
Not felt at Berkeley.

|Barely discernible on the

Not felt at Berkeley.
Barely disecermible.
Not on vertical record.

Not felt in Berkeley.
Barely discernible.
Vertieal record illegible.

Not felt in Berkeley.
Barely discermible.
Vertical record illegible.

Not reported felt in Ber-
keley, but felt at Mt.
Hamilton and Santa

_ , o Amplitnde
No.| Date  Charae.| Phase | o v | Perlod e
1911 I BRSNS [ I
68(18 July] Id| e 21 55 49 + Not
e 65 521" 1%
F 5 —
Overseoring.
69120 July Id *ey (23 03 33
70|21 July Id| ev 00 09 37
ig 09 49 4-3 _
in 09  56] ” seismogram.
F 114+ —
713121 Julyl} Id| ex [ 1 28 01
ey 27 5_3
Mx 28 05 1
F 28 23
72131 July| I1d| ePg |13 12 45 1%
ePx 12 53
e Lig 12 66 2
i Ly 13 06, 2
F 13.8 —
73| 1 Aug.| Ta| ex [10 23 17
CN 23 44
F 24.3 —
74| 6 Aug. IId East-West- Com pjonen t
i P (190 51 ET s
iL 61 567 %-
M al a9 15 Clara.
C 52 31l 3-5
F ot —
North - South -Comp onen t
i P (19 51 46
iL al 57| %-1
M 51 59 15
C a2 29 3-5
F 55 -
Vertical Com/ponent
iP |19 51 46| +
iL ol 581 1-14 L
M al 29 12
0 o2 al
F 5 2 —
i i
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5 ' Time | | Amplitude D s
'!*n-t:r.n1 Date  Charae.| Phase o M, C.T. Period -ﬁ] he Remarks
A 1) b SR h m 8 1 '
D 6 Aug. e (20 29 28 Not felt in Burkahy. |
| P o 50 Not registered by vertieal
| seismograph.
76 14 Aug. ePy 13 51 66 Not felt at Berkeley.
. e P 51 57 Barely discernible.
| e L 52 09 %-1 -
| el B2 1H
, F 03.3
T 16 Aug. ePy | L 82 40 Not felt in Berkeley.,
| 0Py 39 47 Vertical record 1l.lug|b]¢
| eLyg 32 58 through overscoring;
'| Ly 33 01 this shoek not found on
| My 33 00 2 it,
My 33 03 -
Ce 33 04
Cx 33 07
F 34 05
78 16-17 Aug. East-West- Com p onen t
| e P 22 54 33! 8-5 In this component  the
i8S 123 05 24 8-10 chief phase is made up
“al 95 161 25 of six parts, in cach of
M; 31 5920 130 which the amplitude in-
Mo 18 53 | ) creases gradually to a
Mjy 45 15! to 97 maximum and then dies
My 47 30 115 gl'ﬂ(]ll_ﬂ.ll}' away to com-
M; 51 37 156 paratively small values
(17 Aug.) Mg 00 01 01 112 —thus waxing and
& 05 10 10-15 wnmng until the “tail”
F ST begins. The motion is
annple and the trace a

(17 Aug.)

I 1 00

North - South -Cnmp onen t

eP (29 54 33| 4-6
eS 123 05 271 6-8
L indeterminate ,

MI‘ 23 31— —iﬂﬁ
Mo 40- — '1
Mj 45— |

My 50-H5 —

C | indeterminate 10-15

Eﬁ

1o — O

smooth harmonie eurve.

In this component ampli-
tudes are much smaller
than in the E-W com-
ponent, but the same
gradual waxing and
wnmng in the chief
phase is seen at ap-
proximately the same
times,

PR | I WS g =S E
= =t S

S| e
T B
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Date lﬂhu.ue.

Time
G Hlf_ﬂﬂ.".l'

Perlod

1011

T8 | 16-17 Aug.

|

2 Sl

e e

Vertieal Com

East-West-
16 49
49 55 5-8

49
50

S0=

n
North-South -Comp o
16 49

o
a0
a0
15

'Vartical Com

S0=

3 04

04
04
04

04
05
06
10

ponen

| :ehlef phme anﬂ the

Complonen't

27 -8

2

ponen

— o —

02 3-5

waxing and waping in
amplitude, seen in the
horizontal eom ;
is also present in tluu
mmmgram. However,
beecause of temperature
change, producing

" closely spaeed overseor-
ing, the record is quite

illegible.

*[The ipstant of starting
‘the record eylinder
after the removal of
the previous record.]

This record was started
earlier than the E-W
record.

This started latest and
most of the motion was,
consequently. not re-
cord

*See  diseussion of this
shock 1n text.

Not felt at Berkeley.
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‘ | Amplitude
No.. Date Charac.| Phase | o g.mti'l‘. Period ﬁn -A’;: e
81131 Aug. Id| Py |1 04 | _
2 eP 05 15| % keley.
1E,N 05 32
Lv 05 21 %
Lg,x 05 241 1
M 05 25 G 3
| C 05 32
F 07 —
8212 Sept.| Id East-West-{Com ponen|t |
eP |2 54 04 ¥ keley.
iL 54 14 14
M o4 16, to 4
C GE ! 29/ 1
P 55+ —|
North-South/ Com p onen t
eP |2 54 04 ¢
| | i L 54 14121
M o4 15 3
| G 54 25
1 F 56+ —
; Vertieal Com ponen't
| | eP |'2 b4 03 %
iL hd 14) 1
| M 54 17 2
: F 56.5 —
I
83 15 Sept. Iu ! ePx 13 21 36| 3-5
| ePg o1 50
j | 1 Sg 31 24 —
| e Sx 31 26| H-8
| e Lg 470 —
! ELH 46,4 — 25
'J Feg (14 30 —
| Fs 45 —
84 17 Sept.| Il u East- West- Comp onen|t |
*a P 113135 42 8-5 *Confused
esS 42 31 7-9
el 49 27| 15-20
Mj o3 a7 15-10 1 37.5
Ma ' 4 00 DD 37.5
C 08 57 10
F 6 10+ —
North- South -Comp onen!t
| e |3 3b 211 3-5
| TS 42 23] —
L 406 aff 20
My 47 071 15-10 15
M» o7 49 19
| C |4 07 15 10
| | F |6 30+ —
-‘ ¢

-

||J;"' |
AT A

with
Seismic waves,

—Y

Not reported felt at Ber-

Not reported felt in Ber

Chief phase a series of
long-period simple sinu-
soidal waves of very
small amplitude,

micro-

T Very vaguely defined,

|
I
1

— — —

~ Centre

International
Seismological

|- Time . (op s ARt
No. Date [Charae. Phase | 3¢ q | Period e ) e
1011 h 131 I.]I | il { u s
B4 |17 Sept. Il u Vertical Com ponen't
eP |3 36 44 3=+
i 38 10
1L 48 21| 20
M 52 19| 15 6.3
. C |4 04 21 10
1A I =
8518 Sept. [d|ePg |21 45 13} *Sce text for discussion,
e 1Lg 45 18 % e . 5.
%1 Ly 45 29 §No __g::ehnﬁnary waves in
Fy 45 5l N-S component. No
| record in the vertieal
: component.
86|21 Sept.; Id| eg |7 23 44
(G 23 48 _ , |
F 24 38 No record in the vertieal
| | component,
B7 |22 Septt Ir | East-West- Componen t
¢ g { 5T07  18f g |
eS 12 431 5
L 15 03 15
M 15 26 9
F 30 - |
North-Sounth -Comp'onen t
eP | 6§ 07 13, 3
e S 11 53 4-5 ) . L
6 15 41 20-15 *L is very vaguely inii-
< F 404+ — cated. L
Vertieal Com ponen t
45 520 SR el s
e Lk 14 a2
M 15 26 3
C 17 12
§ SU=— —
0 i o 42 No record written by the
B8 2vi Sent )i :1]1 7 iﬂ 53 - vertical pendulum
Loy 12 35 4-1 which, through tem-
M 12 o6 6 perature change, had
Cy 13 04 3 slackened against its
Ce 13 09 safety stop.
F 164+ —

s
by
I:'
.1.11
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THE LICK OBSERVATORY STATION

EQUIPMENT AND INSTALLATION

Since its active work began in 1888 the Lick Observatory has
ineluded in its equipment a Ewing three-component seismograph
and a Ewing duplex pendulum seismograph. These early
instruments are fully deseribed in the Publications of the Lick
Observatory, vol. 1. While they are still of use oceasionally in
registering the motion of moderately strong earthquakes of
nearby origin, these seismographs do not serve for the registra-
tion of strong earthquakes of distant origin. When this hmita-
tion of the seismographie equipment of the Observatory came to
the attention of the Honorable William R. Hearst he generously
provided for the purchase of seismographs of modern design.
On the basis of his gift the Lick Observatory purchased, from
Spindler & Hoyer, in Gottingen, a 200-kg. Wiechert horizontal
seismograph and an 80-kg. Weichert vertical seismograph. These
mstruments, besides being adapted to the registration of distant
shocks, write more useful records of weak local shocks than those
written by the older Ewing seismographs; and they record many
local shoeks too feeble to be registered by the earlier equipment.

The Weichert seismographs were installed in the early part
of 1911. They are seated directly upon concrete piers which
extend down to bed-rock and are wholly isolated from the floor
of the room in which the equipment is installed. This room is
located in the basement of the meridian ecirele house, situated
practically midway between the piers of the larger meridian
instrument and the small transit instrument of the astronomical
service.

The station began the routine operation of these modern
seismographs on May 23, 1911. During the period ending with
September 30, 1911, the Wiechert horizontal seismograph was
adjusted to have a magnification factor of forty times, a period
of between four and five seconds, and practically total, or dead-

T

B

—-J-——.a'--_‘.l-_-L
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beat, damping; while the Wiechert vertical seismograph was
adjusted to have a magnification factor of eighty times, a period
of between four and five seconds, and practically total damping.

The time-marking magnetic devices of the recording appa-
ratus are operated by a pendulum clock, supplied by the makers
of the seismographs. Briefly, once each minute the second hand
of the clock makes cirenit, deflecting the writing pen slightly ;
and once each hour the minute hand also makes cireunit, for a
little longer time. The hour mark is inserted just before the
first minute mark of the honr. The clock is compared daily with
one of the standard clocks of the observatory, and is made to
keep the standard mean time of the 120th meridian. In the
measurement of the seismograms, however, all time determina-
tions are reduced to Greenwich mean civil time.

This station, like that at Berkeley, is situated within the belt
of seismic aetivity which is considered by de Montessus de Ballore
practically to coincide with the cirecumpacific geosyneclinal.

THE EARLY OPERATION OF THE INSTRUMENTS

As 1nevitably is the case with delicate physical instruments
when newly installed, the seismographs have not worked with
uniform efficiency from the time they were first set up. Sources
of friction and similar troubles have come to light one by one
and have been eradicated. In consequence, though the station
began routine operation on May 23, 1911, no distant shock has
been registered here legibly up to the end of September, 1911.

Moreover. besides the shocks measured and tabulated below.
there appear on the seismographs for July, August and Septem-
ber hundreds of slight shifts of the writing pens, consisting of
a single stroke, most commonly accompanied by a slight per-
manent shift as though, through friction, the pens were dragged
to one side by the sidewise shift of the recording drum until
sufficient moment accumulated wholly or partly to swing them
back to position. Many of these displacements are seen in one
component only, but usually they occur simultaneously upon

g
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the N-S and E-W records, both of which are derived from a
single steady mass. In every case in which such displacements
appear at the same time in all three components they are con-
sidered to be due to seismic motion and are measured and
tabulated below.

In the great majority of cases, not tabulated, there is doubt
—at present unresolvable—whether these displacements are due
to the action of friction as described above, to settling and
111?ehanieal readjustments in the swinging system or to feehle
§0151nic pulses. To include so many wholly doubtful movements
In the table of measured shocks would encumber them,

CONSTANTS

CONSTANTS OF THE STATION

Latitude and longitude of the

center of the seismoo ]
el smographie

¢= 37° 20" 24”5 N. Lat.
A=121° 38’ 34" W from Greenwieh.

Time. All determinations are reduced to

e » GI.E "" 1§
civil time. enwich mean

Altitude, 1281.7 meters (4202.25 feet) ahove mean sea level.

1
CONSTANTS OF THE SEISMOGRAPHS

. Period M : :
. : n .
Wiecliert Seismograph N-S component ey | Rdoping

i , 4-5 40

W_lELhEl‘t Selsmngruph E-W Component.. . 4-5 40) Lo,

Wiechert Seisrungmph Vert, component 4-5 S0 Ve
................ : Total

l

- e T . e S T
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SYMBOLS AND NOTATION

1. Character of the Earthquake—
I. Perceptible. IT. Moderately strong. ITI. Strong.

d (terrne motus domesticus) Local shock (origin nearby, perceptible
at the station).

v (terrac motus vieinus) Near shoek (origin less than 1,000 kilo-
meters distant),

r (terrae motus remotus) Distant shoek (origin from 1,000 to 5,000
kilometers distant).

u (terrne motus ultimus) Very distant shock (origin more than
5,000 kilometers distant).

2. Phases of the Seismogram—

P (undae primae) First phase, or first preliminary tremors.

PR Waves n-times reflected at the earth's surface.

S (undae secundae) Second phase, or second preliminary tremors.
SRa Waves n-times reflected at the earth’s surface.
PS Waves changed from longitudinal to transverse

oscillation, or viece versa, through reflection at
the earth’s surface.

L (undae longae) Long waves, chief phase, or prineipal part.
M (undae maximae) Greatest motion in the chief phase,

¢ (coda) Tail or end portion.

F (finis) End of discernible movement.

3. Nature of the Motion—

i (impetus) Sudden beginning of the motion.

e (emersio) Gradual beginning of the motion,

T (period) Time of one complete oscillation,

A amplitude of the motion, measured from the median line in microns
(p=1/1000 mm.).

Ag E-W eomponent of A.

Ay N-S component of A.

4+ Vertical component of A,
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Time Amplitude
No, Date Charac,! Phase G. M. C. T. Period A A & annrk.
| E N v s = ot Time Amplitnde ]
1911 hi' m" s X H m % s 0, ate  |Charae, ase | oy o |FPerlod R B Remarks
1/ 1 July/ IITd| ix {22 gg gg.ﬁ large l Aﬂpﬂﬂjnt onee flung ofp 1 1011 h m = w| w |l a |
. s 00 05 g (I B et AR O S J 10/ 2 July Id | iP 20 36 08 3 'The vertieal seismograph
J HISt movement, L 36 10 ' only in working order,
Y M 36 10 21
*See discussion in text, C 36 16! 1-2
meter which ‘were not 11| 8 July] Id | iP |1 3¢ 02 6 The vertical seismograph
yet 1n working order, iL 34 04 1-2 15.5| only in working order.
Felt and time noted by M 94 05 17
Professor R. i, Aitken. C 4 15 1-2
: ' F 34 45
9( 2 Julyl Id| iP |1 12 26— 1 |The vertieal seismograph | 4
LM 12 20.5 — 2| only in working order 3 121 3 July] Id | iP (14 47 55 3 |IIT R. F at Mt. Hamilton.
F 12 35 at this time. | LM 47 56 6.2 | Time-correction uncer-
) | i C 47 59 tain. Vertieal seismo-
i Jul_'fl; Id| i 11:" 2 05 15 2 |The vertieal seismograph F 28 20 REApBEOnLy AniWMOECg
]C gg }:? iil ﬁ only in working order. order.
F 06 30 a 13| 4 Julyl Id | iPy |20 33 59| %-1 95 |Horizontal Eeismngrz}ph
0 i i P 34 00| 4-1 | 18 restored to working
4| 2 July/I-IId| iP | : - R : i Lv - 1l 1-2 order,
Bl 20 M et wismogph P
M 0 15 | o0 T o TorkioahORIEE M 34 03 34 48
% oL 1o S 106 |Time-correction doubtful, SH 34 2? 0
03.7 — E o
f Cy 34 15
5/ 2 July] Id | eP . : F 34.8 —
y i\ L 3 :ﬁ gg The vertical seismograph F:- 34.3 —|
\M il 356 . only in working order. | t Fy 35 13.i
10 19 2 . 9. :
S . 14| 5 July Id |iPy |1 44 05 No preliminary phase dis-
6/ 2 Julyl Id| iP |6 19 5 * | i P 4 08 tinguishable. Origin
LM 19 gﬂ _ 1':3 12.5 The vertical seismograph F | | My 4 08 4.3 must be very near to
C. 20 E'ﬂ i‘-; 19 | only in working order. P | Cg 44 1{}: station.
20 02 < : 4 26
T| 2 Julyl Id | i ’ 15| 6 July. Id | 1P 12 19 5l N-S component pen mn
y ; E 8 gg E? i]- 134; 7 |The ]Tm:ticnl seismograph "| Lénl }g gii 351 drum, henee no ree-
M 00 29 : only:in. s¥orkiogiordas -' 9 09 Vertical component driv-
C 01 01 1-9 29 _] | Y = pi- ing cloek stopped, no
F 01 24 ] record.
8/ 2 Jdulyl Ida | ;p ' I ] i
. ‘ | N d horizontal
G 2 gi 3; 15.5 The vertieal seismograph ']I 16| 7 July Id | iv |19 ig ii 11 {:_D;E;E:ﬂ;: vet falt by
M 31 04 only in working order. Jl,u At 4 v T C G Kiass at work in
C 31 08 1-9 21 N the assembly room of
1 32 06 g ) b Lieck Observatory at
~‘ Mt. Hamilton.
912 July Id | e li7 59 sg |
M (18 00 01 The vertical seismograph \ *See text for diseussion.
F 00 05 3 | only in working order. i
: |
A | il
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No. Date | Charae.| Phase G. EII.IE . Parlud AIEPBW:&!Z—-—
W | A | Ax | 4Av |
1911 h m s 8 [T [ ol
17| 8 Julyl Id if[ 5 50 48 "~ ERE
. a0 40 -1 3 7
18| 8 JulyI-IId| iP |9 38 55 | 1-3 | 2.5/ 1
i Py 38 56 | 5 3.8
L | 3858 | 3
My 38 59 . 12.5
Mg 39 00 [ 5 [37.5 '
My 39 01 10
Gx 39 03
Cr 30 06
Cy 39 18
Fy 40 06
191 8 JulyfI-IId} iP |11 47 66 | 3-1 | o
LM [S 48 gt (N2 5
Mg 48 02 34 ! -
Cy 48 03
Cg 48 06
Fy 48 99
20111 Julyl 14 | ip |15 39 27 | 32 | 1
II& gg 29 [ 1-9
30
ON 39 39 R L0 shock
Op 39 35 '
Fg 39 44
21114 Julyl 14 | jp
14 21 16 =
iiﬁv 21 16— & Tyns
21 18
Ly 21 184 2
| C 21 20 | 1-9
Fg 2181
Fy 21 38
29 (14 :
July! 14 1 114 54 33
B4 g :
W Tl i f15 01 g3
24 116 July| 1gq Shift | 6 12 o
" _15 '3'? All Eumpnnents.
» 12 53 Vertical only.
ents.
points.
tinguishable.

o —— E—

Driving clock of vertical
seismometer stopped
before uuuurmngﬁggﬁﬁ' B

No record in vertical com-
ponent, Doubtful shock
—single stroke of pens.

No reecord in vertieal com-

ponent. Doubtful shock
—single stroke of pens.

IBoth horizontal compon-

Friction n.t_ en
Phases 1ndis-
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' | ~ | Amplitade T
No.  Date  Charac.| Phase Time Perlod - 4 R et :
G.M.0.T. |Ee W s | Remarks
1011 h m ok N e — _
25|18 July, Id | ePy 21 55 22 ol o 2
' eP 55 23 ‘
e L 66 254+
M 90 27 | 3
My 05 30— 1-2 |
, C 5o 30 | 1-2
F 64+ — |
26/20 July d | 4iP [23 02 07 | |
\ LM | 02 09— 41 | 6 | | 4 :
My 02 09 5
| C 02 10
| Cx 02 12 | 12 .
f F 02 40
27121 July 1d | ePy 00 09 27 ¥
i Px 09 27
_'EP: 09 28
LMg 09 32 | -4 | 8 :
L (pe M I 6
| Cyx 09 33 | 1-2
CMy 09 34 4
Fg 09 55
! F L 10 13
Fy 10 27
28121 Julyl Id 4Py |1 27 38
ePy 27 39
eg 27 40
eLiy 27 42 | 3
| i LM 27 43 1 3 | 3
Cy 27 46
Cg 27 47
Cx 27 48
Fy o8 27
20121 July, Id iP |23 10 b4 2 2
1 LM 10 a6 J J 4
Cg 10 &7 |
Cy 10 68
Fy 11 26 II
30124 July Id iP |5 54 48 Definitely a shoek but the
i Py 54 40 chief phase is indis-
My 5% S 1 tinguishable.
F AL S |
| F\' 54 5ﬂ
31/26 July| Id | iP |4 56 07
1 LM o6 08 | B 3
C 56 00 | |
Fy o6 22 | |
l | |
'
¥
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Amplitude | |
Time Yariod |— |
No| Date (Charac, Phase | g yrg.r. |FeFediTr Ty AT ) Amplitads | TRk i
' T | No.| Date [Charne.| Phase G ﬂmé' e | Perlod [—————— Hamarks
{ o W : s Ly A A A i
- 1011 h m ;* 8 it M 2# = .. | % | 4x | Ay
3099 July Id |iPy |20 33 47 2.0 1011 h m s | & | | i i =% L
i Pg SO 8 39(5 Aug.l Id |ev? [IF 56 25 o8] Pl I yoy
i Px 33 48 2 1P 56 27 | 19y
| . 7 1
LMg 33 &0 3 iv 56 96
LMy 33 bBl— 2.0 i LM 56 20 2 4
) C 33 b1+ C o6 31
Cy 33 49 2.9 Cy a6 34
F g Fy 56 34+
. | B 4. 07 1T
33[30 July] Id |iPxv|18 09 47 2.5 |
iPg | 09 48 0 40/6 Aug. Id |ePy |7 51 10 :
LCM 09 49 6 | 425 fﬁ’ gi ;g
09 50 3 3
Cx 09 52 iLM| 51 15 1
Cy 09 55 Fg ol 156+
Fies 10— %' 5; 24
Fy 11+ v 22+ —
34ks Tasleraclup et o as 41| 6 Aug. Id | i (13 55 42 | 0.6 0.6 Horizontal components
4 il Py - 1.-2;_ gg : - G only. Doubtful shock— )
LM 13} 3ﬁ+ i_!_ 15.5| 15 19 Elﬂg}.ﬂ' B'tl'ﬂkﬂ_. of pens,
SRR 42| 6 Aug. Id | i [13 58 18 0.6 0.6/  Horizontal components
Cy 12 42 only. Doubtful shock—
Fe 13 97 single stroke of pens.
Fy 13 37 43 6 Aug.; Id iy 14 01 16 In all cases single strokes
_ i iEN 01 30 of pen. r'riction? or
3 31 July Id | iP (13 17 03 Genuine shock but too N clse different cause for
F 17 06 feeble to write a char- ' | movement in vertieal
acteristie record, component.
| i : ;
96| 1 Aug, Id P 10 08 o7 J Vertical component only. # 6 Aug.| Id | iP 19 39 25 111129
F 08 08 Genuine shoeck but too 1 LM 49 26 6 | &1 6
feeble to write a char- | 0 39 28 ) 3-13
acteristic reeord. | Cy 49 20
97 K 39 33
fi'1 Aug) Id |iPy (10 93 19 1 | Fy 30 36
iP 23 20 3.0 12,5 | '
LM 23 21 | %14 | 10| o3| 45| 6 Aug.| Id| iP {10 41 56 1 |All components alike.
iLMy| 23 99 03 liLM| 41 51 4 | 2 |25
Ce' | 23 23 C | 41 58
Ff,’*' 23 95 | F 49+ —
EN 23 44 .
- 46| 6 Aup. Id i |19 42 @9
x e i £3:5 iLM| 42 10
! . fe YAy, 0
Angl Td i Pul5 16 57 3 i It -
AP |16 58 2.5 _ r e
1LI|E1H IE Y 2 47| 6 Au;:.? 1d i P |19 51 28— 9 2 *Ending merges in follow-
17+- | e 51 29 5 | ing shock.
1 LA o1 29 3 | 4
i LMy 1 3l )
C ol HE—
*F | —
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Amplitude
Date  |Charae, Phase | o R"é“_' 7. | Period e Remarks PR
: Time .
[ = . ] i Fh ¥ .
= T = = % # 7 = A No. Donle Chnrae nse | ¢ M. QLT Period PR i A Remarks
6 Aug. ILITa Pnst-West- Complonen t T TR A ] R el okl s
i E 19 ?i gf oy lég Felt shock, moderataly pd| 7 Aug. Id i {16 18 04 4 \ 18] Horizontal eomponents
- 2 L ¥ Strong, nt Mt. Hg b only. Doubtful shock—
M ol 43 i_"H 180 ton, il | single stroke of pens.
%“ g:ly gg $-13 'Dudmg merged in the i
- followi Y = = - : - Horizontal nts
North - South -Comp|onen t ing ok 60| TErAUE L S i e 2 I Sils. Dbubttol shock—
iP {19 51 36 | single stroke of pens.
i L 51 37 | §-13 77 ? 2 P
M) ol 39 1-2 270 - d i 16 29 19 Horizontal ecomponents
Mo 5] 49 1-9 975 3 o8| T SAuEH | only. Doubtfal shock—
*% 51 &6 1-2 single stroke of pens,
Vertical Component Sl = : 0 | 1 Horizontal components
ip o6l 87 | BT T Augh T R only. Doubtful shoek—
il 51 39— * single stroke of pens.
M al 39 143
C | indeterminate il 58| 7 Aug.l Id | eP |23 56 09 '
*F —_ — , i LM 56 12 3
6 A ey o6 12
: - 9 I
Dg.) Ld Zef, 19 ;g gj tInerease of amPhtlllIe n Eg, gg h":_*-
iLM| 53 0F dying ‘¢ tail’ pre- | Fy 56 21
CF | 53 09 BN coding shock, no phases | 1‘ i |
recugmz&hle on vertlcnl 50| 9 Aug. Id i 13 58 56 4 | 3 Horizontal components
selsnogram, : | un]v Doubtful shock—
iPy | 24 55 = 5 : ;
- i |14 03 2O 3 Horizontal eomponents
'}ﬁ{f s 5 | 6O/| g1 saug,) Lidy o4 | only. Doubtful shock—
%z o4 5é 4 s | l single stroke of pens,
20 00 4 = - a9 30 | Horizontal components
| F o5 18 1 61| 9 Ang. Id i (16 @ | | only. Dnubtfulfﬁhﬁﬁk"—
! } ingle strok ens.
6 Awg.| Id | ip %0 99 09 ol o J d single stroke of p
| 1 Py 20 10 Do I ‘ ' ) AD Horizontal components
1 LM 29 11 2 | 0.6 : Qe el A ue L g = | only. Doubtful shock—
C 29 13 6 ' q:ngll? stroke of pens.
| F{"J,,- 20 13+ ' . | Iori tal components
: o : : ‘ tlorizonta
Fi“' :.;g ].f | l {JS' 9 A“H-I I d 1 ]g W JI II ﬂ"l}"_ Dnuhtflﬂ Ell'ﬂfk"_
: | s | N single stroke of pens.
O Augl Id | iMoo 59 59 ot t onl H I
= X | ertical component on Y * B orizonta
| K 50 55 | pr .Lr..tn_ulph a Btngﬁé 6¢) 9 Aug. Id 1 YD DTS ' only. Doubtful shoek—
o | ,' stroke of the pen. | 5’“'“'1'3 stroke of pens.
fAalgl Id [ ip |19 39 o : |
LTAL R o s 2ell 875 | i | 1a | iP lo1 53 07 i il 2
| : UI Eﬁ 53 10| 7 5 | ‘, SRS ANE s ’ ilhl‘.[ 53 09 | 1-13 | 6 4 -
NGy 19 Eﬁ . | My 53 11 D
| Py Jis .9
i B 33 | | i@ 53 10 | 1-2
| - . | | Cy 53 12 | |
! |I | i 1'-1 l.'h; ﬂﬁ II
| : Fv | 53.6 — |
1 | , ] R -

s - —_ e
s T

:
)
4
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Amplitude e
No.| Date lﬂhnmu. Phaso ST Period ; Pmar)
Il G. M, O T. AI A-H Av Rﬂmﬂrkl
(1) § S h m s s Y5 Ny T [
66|10 Aug.| Id e? 90 EE 43 0.6 | 0.6 In vertical seismogran
LM | 32 4 oy slight widening of
L S0 2.5 Eaﬁp of pen without
C e stinguishable phases,
67111 Aug.! Id | iP |8 87 20 ST SRS
: 2 : 0
1 LM 37 31 3-4 6| 11
1 LMy 37 32 | -1 9
C 37 383
F 37 42
68 13 Aug.| 1
ug., 1d 1 |2 44 44 H orizontal components
d only. Single stroke of
pens.  Very doubtful
| shock, for the vertieal
| seismograph was ip
an unusually sensitive
| state,
69114 Aug. 1 :
gl Id i:.r 13 gg Eg All  three components
2 hence real shocl: though
| only a single stroke of
: the pens,
7014 Aug. 111a| i Py (13 51 43 10
| i LMy ol 46 | %-1%4 ; 20
PLM | 51 47— %1 | 99| 37! ~
| C bl 54
| Cy ol 55
Fy 62 18
F a2 27
F 92 34
14 Aug.! Id | 1 13 54 3
0 :
Single strokes of the pen
| In all three components.
The feeblest sure earth-
quake yet detected at
either the Lick Ob-
servatory Station or
e that at Berkeley.
72 Aug.! Id | iP |1 52 33 12| 3| 15
i LMy | 52 34 A 10
i LM 02 35 | 4-% | 18| 14
Cy 02 38 2
C 22 39
F nd4 —
Fy 03.6

Bulletin of the Seismographic Stations

International
Seismological
Centre

No. Date Charac.| Phase | & yr o . Perlod s An Lr
7 Aug. Id 1 . | |
200k Py | 85 47 3
i LMg 30 48 12.5 __
i LM 35 49 | 9| 4
C 35 53 | 1-1%
F 30+ —
Fyv 37— —
4|0 - iP 112 54 35 110.6 Vertieal seismogram does
(15T SRR ill.al'ﬁl b4 37 0.6 | 0.3 not exhibit any sur
C indeterminate movement. .
F | Indeterminate
T i 2 Horizontal components
76127 Aug. 1d i 12 59 14 G Duuhtful.-shui:k—
single stroke of pens.
76 (2 ug.| 1d East-West- Com p onen t
IORES 18 eP (3 04 01
i8S 04 05 | %13 1
L 04 10 2.5
M 04 11 9
C 04 27
F 05 06
| North - South -Comp onen t
iP |3 04 01 1
S indeterminate
L 3 04 10 1 3
My 04, ‘19 || "3=1 9
AMa 04 21 -1 i
M3 04 27 | %-1 6
. ¢ 04 38
F 05 09 |
Vertical Com ponent
iP |3 04 01 6
o5 0+ 04
L 0d 11 [ o=y
M 04 11+ (e
C 04 30
F 04 54
T ) [n horizontnl components
U R R IFafI : ii %g only single stroke of
: pens. No phases dis-
tinguishable in vertical
component.
31 10
78| 5 Sept. 2 09 03 2
L R iiIEl'l 00 04.5 #-1 [ 6 [125| 7.5
G 09 10 3
K 09 25
Fv 10 15
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Date (Charac| Phase | o Time | p | Amplituge
= S e A .
h m g i 2 Amplitnde |
6 Sept., Id fiPl;. 15 ﬁ % é M No.| Date |Charac.| Phase | o 3" q | Perlod i AH_'_.”: T {
| T 1011 e = [ <218 B - [
1 LMg 44 14 9 11 g7|27 Sept.] Id | eP (22 23 23 ol | No record in ver Lmlm _
Cx 44 15 | iLM| 23 2 5| 3| | ponent. o
E? 4 16 F 995548 | '4 | LA
E 44 98 | s S8 a
Fx 44 3 88| ¢ t.| Id | eFy 23 43 11 R |
| iLMy| 48 14 | 1
10 Sept. Id f{ 10 48 07 .. 1-%,, ig %g 5
F ig gg Vﬂsillﬂa] con ﬁ*u i :mu,. F 43 45 ]'ﬁ' | |
iiz”"?‘igﬁ !‘LL‘\T‘:'L 30//20' Sept,| rina | 1B 417 108 b5l dRIESE o “
o “-“flfﬁhaﬁé he LM 12 28 4 || 4= | O
2 SEpt I-IT d .1P 9 53 48 e . nee of 1IO 15 37 [ 2 J
M) 58 50 | 213 | 48 70 | 38 e
Cg o4 07 11 :
Cy 54 04
Fx a4 20
Fg 54 30
Fy o4 35
T Sept.l Td |iPy 15 46 54
iE 46 55 it |
1 LM 46 56 6 G 5 |
C 46 59
F 47 05 i
18 Sept.| Id i - |' !
Y800 22 Horizontal cumpnnaﬁ&‘r r' g
csnl,}'l Duulﬁtfui!ahuuk
single stroke of pens.
_ &Pg 08 53 "
ELMJ- 08 55 4
1 LMy 08 56 4
C 08 58
Fyx 09 05
Fy 09 10 |
19 Sept.| 14 : .
1 9 12 02 Horizontal components
only. DDUhth.-lf shock—
- amgle stroke of pens.
= Sept Id | eP I o3 g5 |
C 23 38 i
Cx 23 39
| F 23 50
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DISCUSSION OF PARTICULAR SIHOCKS
Tre STRoNG MEXICAN EARTHQUAKE OF JUNE 7, 1911

The energy transmitted to the seismographs at the Berlkeley
Station by this earthquake was mueh In excess of that Eﬂlllllllll]%-
cated by any other of the distant shocks thus far registered here.
Tu hoth horizontal components the amphtude of the chief phase
exceeded the range of the recording apparatus.

In all phases the motion of this shoeck was very complex,
waves superposed upon waves with frequent abrupt reversals in
direction along the pen-trace—all pointing to complex motion at
the origin. It is the most tangled, as well as the most energetie,
group of waves yet recorded here.

At the Lick Observatory Station this shock produced motion
of the pens 1n all three components ; but at this time these seismo-
gruphs were newly 1nstalled and were not yet working uniformly.
Clwmg.tn pronounced friction of the damper pistons on this day
the seismograms are poorly traced and vield no Servieealﬂ‘e
measures of the characteristic phases or magnitude.

A PECULIAR TELESEISM RECORDED ON JUNE 15, 1911, AT THE
BERKELEY STATION

_:EI”dE"ﬂt'-“ énergy was transmitted to this station by a shock
originating at creat distance from Berkeley on ’Ellis T
;Tllll:sm}ll feat?res appear in the seismograms of this earthqualke.
It fhf?;d lﬂt.]ﬂ.le N-S component is normal in character and on
e = al changes of phase are well marked. On the E-W
Se{;ﬂn;ngfﬂl; hz:;ver, t}h‘e ‘numimur-n ﬂtl.‘lplitude oceurs during the
considered ﬂie chi J{i’n l]d%.t.}r examination this motion would be
NS oo sk o L] phase. But careful comparison with the

SHOWS that the long waves appear at about the same

time on } -
)oth seis STy
gram a shar ; lﬁn‘fugmmf,_ Furthermore on the vertical seismo-
e S]dlp maximum OCCUTS Eﬂl‘l'ﬁ."

this the motion dies awavy
of the second phase and
¢an be fonnd only by

in the first phase and after
gradually. The points of beginning
the chief phase are hard to decipher and
comparison with the N-S record.

with the
horizontal seismographs w

77

International
Seismological
Centre

Bulletin of the Seismographic Stations 41

Tape MODERATELY SrroNG CALIFORNIA SHOCK ofF Juny 1, 1911

At the Berkeley Station—This shock was so energetic that
arrival of the very first waves the writing points of both
ere flung far off the recording drums,
even out of their bearings in the writing arms, so that no further
motion was registered until they were replaced sometime after.
In the E-W component the first shift of the pen was slightly to
the cast, followed at once by very sudden arrest and reversal
t sweep to the west far off the recording drum.
g component, the first shift of the pen was
with instant arrest and reversal, the pen

sweeping off the drum to the north. The focus of the shock
ably lay some fifty to seventy miles to the SSI and,

frst shift of the pens, like that of the earth
¢ and north directions re-

osts strongly that the very
effect was produced in
fling of its free

with a violen
Qimilarly in the N-
slightly to the south,

uncquestion
theoretically, the
particles, <hould have been in the wes

Their actual behavior sugg
tion was so violent that a whip-
little backward

spectively.
first pulsa
the writing boom causing &

extremity just as its swing hegan. it
The writing point of the vertical seismograph did not le

the smoked paper belt permanently, though for aillttle ltlmf% 11;[
kept swinging off one edee of the belt. HDWE-E‘JEI‘, t1:nm the mz:d_e
frst instant it described a series of chuf'ferr.m:r; swings as .mn
in amplitude as the safety stops of the swinging system wouit

hi - Jent. cha ontinued for
> 1T1] 1 thig wviolent, €

permit and this ki e o
several minutes. Hence 1 a . 52
this earthquake were too enerse

' | = absence
these delicate seismographs. 1n the absen e
i+ was stated to the press and 1a e
Seismological Society of America,

¢¢Mhere was . . - « 80 preliminary
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clusion that the waves of the
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registered within the range of motion permitted to the Writing
apparatus of the instrument.

Unfortunately, at the time of this shoek the writer, who was
ahsent on vacation, was in the high mountains and could nﬁt
conveniently return at onee. At the time of his departure Some
two weeks before the shock, the seismographs and station equip-
ment were left in good order under the daily care of a man
acting as substitute to the regular routine attendant. The regnlay
caretaker returned to duty on the morning of July 1, the day of
the shock, and found that the potential of the storage batteries
of the electric time-service had become weak. Further, examina-
tion of the records brought out the fact that some unnoticed
disturbance to the parallax, the interval between the position of
the writing point and that of its time-marker, had occurred in
the registration of the N-S component. Hence for this shoclk
the time-correction for the N-S seismogram is unknown. Also,
when the shock came the time-markine magnet of the E-W
registration apparatus was not in operation owing to the weak-
ened condition of the electrie batteries.

Hence the time of beginning of the earthquake can be deter-
mined only on the vertical seismogram, but here fortunately the
determination is very accurate, for there is no parallax error and
the clock error is known preecisely.

The time of beginning thus determined is nine seconds earlier
than the time noted by two astronomers working at the Students’
Observatory, both practiced and reliable time observers, who
L‘ITHI]tEd seconds from the first sensation of motion. This interval,
nlpm-.* seconds, 1s close to the duration of the first phase in the
;‘-‘;‘2‘1;?;:2;;‘: ;‘;ftell)'s}}mzks of this earthquake registered here.
e puT;ﬂg P ﬁﬂ ..“DHS’ thﬂu'gh b_v. no means Sure, that .the

: - first phase arrived nine seconds before sensible
E?]t;’zmbiiiﬁ?: though unfelt, thfase were strong enough t0

ng pens off the recording drums.
Stmigm;i?: I:IEEDEHHI‘; to notice is .the al‘ipﬂrent f:ﬂl’]til'l_ﬂﬂﬂﬁe of
o met‘-‘ A f;: erl-:elf:‘:}" vertical seismogranm, wrxttl:an less
) S from the focus, for more than fifteen minutes,
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while the most sensitive observers did not perceive a longer
duration than from one-half to three-quarters of a minute. The
seismograph was damped 1n the ration of 8:1 so that any motion
proper to 1ts swinging system should die away at once upon the
essation of earth motion. Consequently the interpretation of
this continued strong displacement 18 1n doubt.

At the Lick Observatory Station—On the summit of Mount
Hamilton this shock was far too energetic for successiul regis-
iration by the delicate Wiechert seismographs. The local estimate
of the intensity was given out as VII of the R-F scale. Yet
Professor R. G. Aitken states: “The earthquake of July 1, 1911,
was in some respects the most severe one experienced since the
ohservatory was founded. The amplitude of vibration was less
than in the shoek of April 18, 1906, and the duration was much
less, but the motfion was more violent.”” This conclusion seems
amply borne out by the permanent phenomena cited bx Prnfes:&mr
Aitken and Mr. C. C. Kiess in the Bulletin of the Seismological
Society of America, vol. 1, no. 3, pp. 114-115. Moreover, a :-:Emck
on August 2, 1903, the strongest experienced at Mount Hﬂmﬂtu.n
up to that time, was then rated at VII-VIII of the R-F scale. This
so strong as that of July 1, 1911.
In the view of the writer, who obtained considerable e?:perienee
in the determination of intensity during a eumprehens]?'e Stu_d}r
Franecisco in 1906, the intensity
bed-rock 18 exposed, was fully
t very likely would not be
f seale-number IX.
apation. It

former shock was by no means

of the effects produced in San
at the mountain summit, where
VIII of the R-F scale—that, indeed, 1
an exaggeration to rate it in the lower range O
The ‘“brick’’ dormitory was rendered unsafe for occ

‘ ; : «ihlv it had been
was not of superior construcetion, and pumbl}

, | st foundations rested upon
weakened by previous shakings; but its foundat

bed-rock.
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- i ) 11T
was displaced northward, rendering
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time.”” ““One of the cardan springs of the vertical was sheared ?’

The vertic: : : il
horizontal instrument remained out of commission wuntil the

morning of July 3, 1911,

Just as at Berkeley, the first shifts of the pens of the hor-
izontal components were shightly to the east and south, followed
by sudden, abrupt reversal with violent fling to the west and
north respectively. The explanation of ““whip-effect’ offered
for this behavior at Berkeley is considered to apply in this
instance also.

For there is no question that the origin of this earthquake
lay to the southward of this station. This is demonstrated by
the movement of heavy objects whose 1nertia prevented them
from sharing fully the fling of the earth particles. For example,
the base and mounting of the great 36-inch telescope, weighing
about fifty tons, was shifted on its concrete pier nearly three-
quarters of an ineh almost due south. DMoreover, the great
majority of the aftershocks, whose seismograms do not show

the “‘whip-eftect,”’ also emanate from foei to the southward of
the mountain.

AN AFTERSHOCK REGISTERED AT BERKELEY BUT NOT AT THE
LickE OBSERVATORY

Before the vertical seismograph at the Lick Observatory
Station had been restored to working order, one aftershock was
felt and the time of its occurrence was estimated bv Professor
Altken at 5" 55 10* p.m. Pacific standard time, July 1, 1911—
or 00% 55™ 10* Greenwich mean civil time of J uly 2, 1911. This
shock was feebly and vaguely registered by the vertical seismo-
graph at the Berkeley Station, no. 5ba, e 00t H4m5, F 00" 55™3
GALC.T. of July 2, 1911,

|l seismograph was very soon restored to use, but the

July 2 at : 19e
this was due fo ecarth movement or fo settling of the swinging

(i
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C‘gRTAIN DOUBTFUL RECORDS OF SHOCKS AT THE Lick
(OBSERVATORY STATION

In addition to the shocks whose measurements are tabulated

above, a dublous movement of the vertical pendulum oeeurred on

gn 04m7 GM.C.T. It is impossible to judge whether

system. , :
In the case of the shoek which oceurred at 6" 19= 33°

G M.C.T. on July 2 there appears in the tail phase an increment
of amplitude which may be due to a second shock following

quickly upon the shock measured, but it is impossible to draw

q definite conclusion in regard to it.
On July 7 at 19" 13™19° G.M.C.T. a vague, feeble movement

was recistered by the vertical seismograph but not by either
b : l . T L] < W i
horizontal component. My, C. C. Kiess, at work in the ﬂssemtir}
. * - L] L4 D

room at the observatory, felt a disturbance at this time. I

rnible in the vertical seismogram and 1ts trace

hases are disce
i shocks strong enough to be

: 1 by
does not resemble those produced b JekE S i
folt. It 1s difficult to believe that a “‘felt shock could oceur

without being registered by all components. R?VE}'E}:el?sst:ii
slight displacement on the vertical se.ismug}fﬂm mlm_m{fti ﬂl,i l.lere
with the sensation noted by \r. Kiess. It 1s wort n 0 it fqtnw
that a sensitive observer call perceive ve.r}* Ell%ht 1'1;;11 [;f
motion in the earth, such as is quite unnoticed by a pe

ordinary sensibility.

el o 11. AT THE
Tor STRONG AFTERSHOCK OF Apgust 6. 1911,

LLick OBSERVATORY STATION
. earth-
sshocks consequent upon the ea

: S t 19 51m 36°
quake of July 1 occurred on Au gu'ﬁt 0, hegln_llliltgd ﬂbf pa
G.M.C.T. This shock was immediately Pr: ;.Eﬂtmtﬁa Fl.‘]h 41m 162,
tinet but feeble shocks beginning at 19% od= =

' ion of the tail
198 42 095, and 10" 51™ 26° respectively. Tl'{l? -]I?D{mlhﬂse S
1 these merges 1D the 1mita 11 T
I arted the driving cloe

The strongest of the afte

phase of the last of
strongest shock. This earthquake st
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the Ewing seismograph and it is the only one gf: the H'U-l:ﬂel'uug
train of aftershocks strong enough to {JI]EI‘E}tE this olfﬂer‘ instru-
ment, The shock was distinetly felt, according to Mr. Kiess, not
only at the observatory on the summit but .ﬂlSD by a party of
IH?GDIL‘. outdoors part way down the mountain. It was accom-
panied by a low, rumbling sound.

Before its motion died away completely there occurred
another feeble shock, beginning at 19" 53™ 042 G.M.C.T.
A NEAr EARTHQUAKE REGISTERED AT THE BERKELEY STATION ON

Aveust 21, 1911

Earth motion was registered by all three seismographs on
the morning of August 21, 1911. The motion began while the
work of changing the record sheets was in progress. The newly
replaced smoked paper band for the pendulum which records
N-S motion had been registering for some minutes when the
waves began to arrive. Consequently there is a complete record
in this component. The earth motion had already begun when
the E-W recording apparatus was newly started, and on this
record the chief phase set in almost at once. By the time regis-
tration was started on the newly replaced vertical record the
carth motion had begun to die away. Hence the only complete
record of this shock is that of the N-S component.

On this record the first shift of the pen, like that of the earth
particles, was to the south, Also the amplitude of the chief phase
Was somewhat greater in the BE-W component than in the N-S
E{}T‘I]]‘Thmml’lt- Together these cireumstances sindicate that the
origm of this shock was a little north of northwest of this station.

)‘I_i'jllq . 1 - . . '
asurement of the seismogram yields the value, 31 seconds, tor

the interval TL-P which Indicates

! , according to Omori’s formula
T

1 T==1.27 yree 4 38km that the origin was about 260 kilometers
from Berkeley,

_ The ?nt*lrr*g}* transmitted to this station was moderate in
dmount, indicating g fairly strong shock at the origin,—yet the
on the seismograms written at the Lick
some 80 kilometers further to the south-

shock made no trace
Observatory Station,

— e e———— —
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southeast than Berkeley. Moreover, ip e
seismograms written at Berkeley are pnot Somrioal Ufpfﬁ?rax:iﬁe the
shock, but more resemble in character the eumpli.eﬁted ?:]p: near
fHE/Cmetiphase DL g or el il carthquake, Cnnsequent(;;{i;ezz

is doubt as to the proper interpretation of these records N
. No

shock was reported as felt in any part of o
g thern ; :
on this date. California

A NEAR SHOCK REGISTERED AT BOTH STATIONS ox Aucusr 28, 1911
- ’ ll

This s_:lm’cl{ requires notice simply hecause it was clearly and
sharply l'eglstereq both at the Berkeley Station and at the Lick
Ohservatm:}f .fit:fl.tlﬂ:f], but upon utilizing Omori’s formula for
distance of origin diserepancy appears. At Berkeley the interyal
L-P was 33 seconds, indicating an origin-distance of 235 kilo-
meters, according to the formula 7' — §.86 y*ee L 81km op of
275 kilometers, acording to the formula gkm—7 97 yee L 38 km
At the Lick Observatory Station the interval L-P was 10 seconds,
mdicating an origin-distance of 77 kilometers according to the
formula z*™ — 6.86 y*e¢ |- 8.1k=,

Now the distance from Berkeley to Mount Hamilton is very
nearly 80 kilometers. If the origin of the shock lay to the south-
southeast of Mount Hamilton on the line projected from Berkeley
through the mountain top, the Berkeley determination of dis-
taice would place the origin further south than the Lick Observa-
tory determination by 78 kilometers if the first formula be used
for the Berkeley reduction and by 121 kilometers if the second
formula be used. Still greater diserepancies come in if the
origin lies in any other azimuth.

A WEAR Locin SHOCK REGISTERED AT THE BERKELEY STATION
oN SeEprTEMBER 18, 1911

In the case of this earthquake there is discrepancy betwemi

the times of beginning of the phase L on the N-S 11?1d E-W

seismograms. The shock was not registered by the vertical pen-

dulum. No motion was recorded by any of the seismographs at
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