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SYMBOLS AND NOTATION

1. Character of the Earthquake—

I. Perceptible [1. Moderately strong. ITT, Strong.

o ]

THE BERKELEY STATION

d (torrae motus domesticus) Loeal shock (origin nearby, perceptible
at the station).

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

CONSTANTS

r (terrae motus remotus) Distant shock (origin from 1,000 to 5,000

Ikl ters distant). : : . - :
cilometers distant) Latitude and longitude of the center of the seismographic

u (terrae motus ultimus) Very distant shoek (origin more than room :
5,000 kilometers distant). '
* ) ¢= 37° 52 1579 N. Lat.
A=12827 15" 3676 W. from Greenwich,
9. Phases of the Seismogram— Time. All determinations are reduced to Greenwich mean
P (undae primae) First phase, or first preliminary tremors. civil time.
PR, Waves n-times refleeted at the earth’s surface. Altitude, 85.4 meters (280 feet) above mean sca level.
S (undae secundae) Second phase, or second preliminary tremors,
SRy Waves n-times reflected at the earth’s surface.
: * CONSTANTS OF THE SEISMOGRAPHS
P3 Waves changed from longitudinal to transverse
oscillation, or vice versa, through reflection at Period  Magnif.  Damping
the earth’s surface. ' Bosch-Omori Seismograph N-S component ......... 148 S0 S-1
L (undae longae) liong waves, chief phase, or principal part. Bosch-Omori Seismograph I-W component ... 15s s §-1
M (undae maximae)  Greatest motion in tho chief phase. Ielglies SRR CR EUDLRYICnS ScUPITIPROR kerse S U8 A i
1 b 3 e . 25
C (coda) Taill ortend Tioxtion, | Omori Tromometer N-S component ... ... 3 Gu
. 1 _ Omori Tromometer E-\W component ... 2.0s G0 A
I' (finis) Iind of discernible movemont. : : -
Marvin Strong-motion Seismograph—
Y A D O I e e nr s s rasiira it mhest el LD S 5.5 1.3-1
3. Nature of the Motion— 2o S IO ey s e o e e e e o 5.1 1.4-1

1 (impetus)  Sudden beginning of the motion.
0 (emersio) Gradual beginning of the motion.

T (poriod) Time of one complete oscillation.

A amplitude of the motion, measured from the median

line 1n mierons
(p=1/1000 mm.).

Ap L-W component of A,
Ay N-B component of A,

A, vertical component of A.
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GALITZIN PRISMS

Two sets of Galitzin prisms for the determination of the
intensity of strong earthquakes were mmstalled at the Berkeley
Station on December 15, 1914, These prisms were constructed
according to specifications given by Prince Galitzin.*

Briefly stated, the Qalitzin earthquake prisms are a set of
parallelopipeds so designed that they can overturn only by a
rotation about a fixed horizontal axis. The prisms are of varying
dimensions and overturn with different accelerations of the earth.
The set includes ten prisms designed to overturn with acecelera-
tions ranging from 200 to 2000 millimeters per second per second.
They constitute a scale of earthquake intensity, each division of
which differs from the next by 200 millimeters per second per
second,

As installed at Berkeley, the prisms are in two sets. One set
overturns about axes which lie in a North-South line, while the
other set overturns about axes lying in an East-West line. They
are set up n the same room with the seismographs and it is
I]]i}l]l]ﬂd to compare the intensities indicated by the Galitzin
prisms with the intensities indicated by the instrumental records.

1 First B, é‘u]it?in, Uber eine d is =

: A - ynamische Skala zur Sehiitzung von
E\[.;I_Lrns?smmé{qn Bewegungen, Comptes-Rendus, 18 Association J:!Inihr:r-
1utionale de Sismologie, Manchester, 1911, p. 178, A review of this paper

by II. O. Wood appeared in + : - : ;
e I[II([iEJi?J | 11111 FEI-E Bulletin of the Seismological Soclety of

s
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litudo
No., Date Charac. | Phase Tlm? Period SHR et I
G, M. (. T, P R T temarks
y 1014 h m s B
”J d Oct. | Iy e Py 17 32 00 K T AE Time determinations
e Px 17 32 17 somewhat uncertain,
e Sy 17 39 57 Clock had been re
¢ Sg L7l 3 moved for repairs and
e L indefinite was just being replaced
My |17 54 57 22 20 | 0| when ecarthquake Dbe-
Mg 17 59 08 21 T gan. Vertieal record
C indefinite good but minute muarks
r 18 48+ are illegible through
overscoring. See dis-
cussion in text,
2 3 OQOect.| I? e 22 26 00 Trace of a distant earth-
e 23 3h+% quake on all three ecom-
ponents,
3| 8 Oect.| IT 0 12 35 Barely perceptible trace
B 13 06 of a distant earthquake,
North-South component
only.
4|22 OQect.| I? 0 6 48 Dying energy of chief
¥ 6 58 phase of a distant
earthquake, Horizontal
components only. Ver-
tical nndergoing repairs
at this time,
5|23 Oect.| I e T 01 Trace of a distant earth-
" T 26 quake. Not recorded
by Vertieal
6| 8 Nov.| Iy o 11 43 12 No phases diseernible,
F 11 44 43 Slight disturbance on
North-South. Very
slight on East-West.
Seo discussion in text.
7| 9 Nov.| III4 | 1 Py 2 31 19.0 Origin near Lauorel, Cali-
1 Pry 2031 194w T2 fornin. See discussion
1 Ly 2 31 800 in text.
i Lg 2 31 302
i L 2 31 304
Mg 2 31 31 4/10 | 204
Mxv 2 31 34 4/10 170 i
C 2 32 &b
I 2 30 44+
8! 18 Nov.| I? 0 O 55 03 Dying energy of a distant
I 10 40% ecarthquake. Simple
sinusoidal waves from
10" 08™ 35% to 10®15™
38%: period 14 sceonds;
amplitude on North-
Sonth 2 mierons amld on
East-West 1 micron.
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J Amplitude
2 (e o (SR 5 ?il,“}?- . Perimnd e Remarks
T T h m s B 1z M M o
ol 21 Novil Ts i P 16 24 18.0 See diseussion in text,
i Py |16 24 184
i Pp |16 94 185
i Le |16 24 30.1
i TMx |16 24 31.2 2
1 Ly 16 24 31.8
My 16 24 31.8 4 4
C 16 24 54
1 16 25 35
10| 24 Nov.| Is i 12 05 24 S indefinite. irst part of
1 Py 12" 05 20 Vertical record illegible
1 Lg B iy through overscoring, so
1 L 12° 15 08 that time marks could
My (12 15 10 9 79 not be distinguished.
%}\-, 1;‘3; E ?]1% ; {1} o 29 See discussion 1n text,
Ly 2 ) : 8}
C indefinite
s I 14 04—+
11|20 Dee. | T, ¢ Py 14 20 23 No definite maximum on
a E’:q 14 20 26 East-West record. Sim-
edexy (14 20 43 ple sinusoidal waves
E{.u-:x? ]L_l 33 H2 ] from 714" 44™ (09% to
My |14 43 44 | 30 10 14 47m 24%: amplitude
% i:_“'»lgﬁﬂltﬂ 4 microns and period
15 28+ 33 seconds. Not re-
corded by Vertiecal.
121 28 ' 1 P | ; -
Al B R T lelt in Berkeley. IIT of
1 L}: 70 i; ‘f’i@ Rossi-Torel seale. Reg-
o o 3.9 istered on Vertical by
I:["" 10 i; E_‘_l a thickening of the pen
My |10 e <A |22 trace, Diserepancy in
o inr];}FixliE_f <* 0 times on horizontal
- ; components probably
I 10 44 58 due to an error 1n par-
allax determination.
1915
13 | 5/6 Jan. | I,., : 0
Ei ;:; 'Ig 3{3} Barely pereeptible on
M o1 Eo '{;4 East-West. No disturb-
3 “b 4§+ 143 10 ance apparent on Ver-
e fical.
14 12 Jan, L— a Py ’ _
u: 1 gl gg Not recorded by Vertical.
o Lix 1 32 49 Origin near Los Ala-
a Ly 4 ,;‘,_:‘, _14 mos, California, See
My 4 .ﬁ :?ﬁ q discussion in text.
Mz | 4 33 30 T 52 ¥
C 4 35 39 |
14 4 48+

e
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) Amplitnde
No. Dnte Charac. |  Phase G ;}Ihg" T Period T i“ -:IL——— Ramsris
N v
15| 13 Jan. | I, Cx 7 18 09 Not recorded by Vertieal.
e Ly? T 37 48 Barely pereeptible long
Ne R
e Lip? 7 37 56 flat waves on East-
My 7T 44 54 22 4 West. Reeord of earth-
F 8 14 16=% (quake originating near
Avezanno in Ttaly. See
discussion in text,
16| 256 Feb. | I.? ex O 04 35 Both el” and F are con-
CE 9 04 38 fused by strong micro-
e Lint g 06 49 seisms. Not recorded
e Liv? 9 07 24 by the Vertical,
M O 08 47 8 9
My 9 09" 12 8 18
C 5 12° 36
Ir 9 34+
17| 26 Feb.| I. e Py 20 47 13 No definite maximum on
o Py 20 47 14 Vertieal.
e Px 20 47 20
e s indefinite
1 Lex |20 56 31
e Liy 20 56 34
Mg 20 56 34 3 14
M 20 57 00 7 20
C indefinite
I 21 49+
18 | 28 TFeh. | I: e 10 44 25 Not recorded by Vertieal
Mg 10 45 05 2 5 or by Omori. No defi-
F 10 46 36 nite maximum on
North-South.
19| 5 Mar.| I e 4 26 24 Barely perceptible long
I» 4 H8== flat waves on two hori-
zontal components,
Time as given some-
what uneertain on ae-
count of failure of
clock to mark time
during the earthqualke.
201 28 Mar.| 1.1 ex 19 07 .32 A fairly good record was
01 19 10 56 obtained on the verti-
Ms 19 12 01 114 6 cal component instru-
Mz 19 14 39 S 6 ment, but 1f was ren-
C 19 23 56 dered illegible by over-
F 120 084 scorinz. P lost 1n
microseisms after 12"
(sm
21 | 30 Mar.| I N 0 09 17 Slieght disturbance appar-
op 0 08 2 ent on Vertieal record.
Mg b afe o 3 4
M 0 10 04 3 1
I° 0 14 28
22 1 31 Mar.| Tav e 112 40 58 Thickeninr of pen traces
It 12 41 51 on horizontal eompon-
ents. Not recorded by
Vertieal.
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THE LICK OBSERVATORY STATION

CONSTANTS

CONSTANTS OF THE STATION

Latitude and longitude of the center of the seismographic

I'oomni :
d»=237° 20’ 24”5 N, Lat,
A=—121° 38" 34” W. from Greenwich.

Time., All determinations are reduced to Greenwich mean

civil time.

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

CONSTANTS OF THE SEISMOGRAPIS

, : Period Magnif. Damping
Wiechert Seismograph N-S eomponent ... 8.0 80 4:1
Wiechert Seismograph B-W component ... 7.0 80 5:1
Wiechert Seismograph Vertieal component 2.5 80 2:1

S B - . = A =

7
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T Amplitade
No. Date charac. | Phnse G. ;Ilf“{.?- 7. Period e \.; e Remnrks
o b -|'|-
1914 h m &8 5 #- i I
11 8 Oct.| Lu 1 Pex |17 32 06 Mg not measurable on
1 S 17 40 05 account of limitation
1 Sy 17 40 06 of record by safety
eLx? 117 !4_? ST stop. Not recorded by
Mx |17 55 04 19 25 Vertical. See discus-
C indefinite sion in text.
10 18 554
2| 3 OQOct.| I e 22 30 20 Trace of a distant earth-
Ir 23 27 20 quake on both haori-
zontal reecords. Some-
what confused by mi-
Croseisms.
3|17 Oet.| Ia 1 Pry |22 49 261 A few barely noticeable
1 LMex |22 49 273 | <3| 10| 11 waves on Vertieal
C 22 40 31
| O 92 49 47
4.1 22" Oet.| I? e 6 47 55 Trace of a distant earth-
I 7 00=% quake on horizontal
components only,
a1 23 Oet.| I? e T 01 35 Trace of a distant earth-
P 2Dk quake on horizontal
components only.
6| 7 Nov.| I e P 16 21 47 Thickening of pen trace
eLMgz |16 21 52 <4 T on North-South. Not
C 16 21 55 recorded by Vertical.
Ir 16 21 57
7| 8 Nov.| Iy e 11 40 56 Not perceptible on ver-
My 11 41 51 3 4 tical record. See dis-
Mg 11 42 24 4 -+ cussion 1n text.
I 11 45 55
81 9 Nov.| IlTq | 1 Pry 2 381 103 Effect of great friction
i Py 2 31 105 apparent 1in Vertical
1 Liv? g 31 181 record, My and Mgare
My 9 3l 22.0 1 563 the maximum recorded
My g 381 24 1 563 amplitudes. Pens were
Me 2531 28 i | 710 thrown off paper dur-
C 2 33 25 ing part of the earth-
F 2 37 00 quake. See discussion
in text.
0| 18 Nov.| 1? e 9 47 30 Barely perceptible waves
I 10 40=% of a distant earthquake
on horizontal compon-
ents only.
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— r Amplitudo
No. Data Charac Phase . M?}? T. Ag "E‘H A_‘F" Remnrks
014 | E rf:: 33 oy el Differences in apparent
- |1 D 16 9 ! : ren
10| 21 Nov.| Il : I’: 16 24 04 time of 1P and iLLM are
i P 16 24 05 due to irregularities in
{ LM~ |16 24 06 ) 127 the rate of the driving
i LMz |18 24 07 & | 145 clocks during the earth-
i TMv |16 24 08 i 22 quake. Chattering of
C. 16 24 18 pens on North-Soutth
I 16 25 2 record.
111 24 Nov.| T, 2 12 05 923 Not recorded by Vertieal,
e 12 15 15 | Last-West record im-
Mx 12 15 29 T 198 perfect. See discussion
i 13 45 in text,
12| 4 Dee.| Ia T b 22 32 2 Recorded on Vertical by
1 LM |22 32 28 10 T a thickening of pen
C 22 82 31 trace and a shifting of
P 22 32 39 the line.
13|20 Dee.|T. |ePsy [14 20 24 North-South component
| : ¢ Sy 14 29 46 only. Not perceptible
- e LT 14 39 06 on rtecords of other
My 14 44 506 ) ] components,
F 15 32+
14| 21 Dee, | Iy e 18 53 46 North-South component
M 18 54 13 4 only.
0 19 00 57
15| 24 Dee. | Ia e |17 30 48 Strongly marked thick-
I 17 31 06 ening of pen traces on
East-West component
record, Barely notice-
able on North-South
and Vertieal.
16| 28 Dee. | IT14 1 Py 10 42 32.0
1 Pex (10 42 32.8
i Lex 10 42 35.8
i LMy |10 42 37.0 | <3 95
Mex |10 42 37.2 <+ |100 | 116
C 10 43 05
" 10 45 05
17| 8 LT
7|31 Dee.| Lo n?'? g i‘? ;_'Jﬂ Bast-West only, A barely
-{[' 0 433 :‘1{1 noticeable record on
P ST o 8 Vertical.
18| 31 Dee.| T1 ] - :
.3.[ g i?} El <4 7 Thickening of pen traces
C 0 4;; 30 <1 3 on Vertieal and North-
7 0 49 :3.7 South,
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Amplitud
No. Dato Charac. Phngo Ggllmt_? T o Remarks
~ | 1915 - | |
19, 12 WJan, | Ty e Px 4 31 30 | Not recorded by Vertieal.
oR 4 %1 '}" el somewhat econfused
e L . ¢ 32 32 by microseisms. See
e Lix indefinite diseussion in text.
Me 4 32 43
My 4 32 5T
C 4 33 56
Al I 4 42+
20 QE}.TRD. I ¢ 720 a3 North-South only. TItalian
| M s ) earthquake. See dis-
J it 8 06 05 cussion in text.
21| 15 Jan. | Ia 15 49 A barely pereceptible dis-
turbanee appears on the
horizontal records at
about this time. The
time 18 somewhat un-
certain on aceount of
clock failing to mark
the time.
22 16 .Jan, | I, e 0 30 11 Marked thickening of
10, 0 30 17 pen traces on horizon-
tal components.
23| 17 Jan. | Ia 1 P 4 52 58 No definite maximum on
1 LM 4 H2 &9 Vertical.
C 4 H3 02
1) 4 B3 25
24| 26 Jan. | Ia e 16 28 14 Thickening of pen traces
It 16 28 23 on hoerizontal compon-
ents.
25| 27 Jan. | Ta e 1 06 04 Marked thickening of
F 1 06 19 pen traces on both hor-
1zontal components,
26 2 Teb.| Ia 1 4 37 283 All eomponents.
LM 4 37 203 T
: 4 37T 39
10 4 37 bl
ol T Rehl | et e 8 06 03 Barely perceptible on Ver-
M 8 06 07 tical and Iast-\V est,
I S 06 30
o8| 8 Teb.| Ia ; 0 12 40 Sudden strong shift of
| pens on horizontal eom-
F ponents.
|
¢ 4 | iy 3 Barely perceptible  on
20 9 b, | Ta- a 123 11 4 arely | I 4
2 i N 03 11 52 Fast-West ; not on Ver-
[ 23 12 3060 | tical.
30| 22 Teb.| s | i Pev |14 47 40.0 |
i Px 14 47 494
1 LMev |14 47 HOZ
(! 14 48 06

I

14 48 20
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I Aniplitude -
No. Date Charac, Phase G. I]Ii_ll..mf.?. d 1 Eenoy Ap | Ay | Ay SHIALK)
1015, :
31| 26 Feb. | T..s o 20 49 18 Barely perceptible dis-
F 21 02 38 turbance. North-South
only.
32| 28 Teb. | Ia i Pex |10 44 14 Registered on Vertieal by
Lo 10 44 25 o thiekening of the pen
e 10 44 26 trace and a shifting of
My 10 44 @99 4 30 the line.
Mx (10 44 29 1 12
C 10 44 44
I 10 45 59
33| 3 Mar.| Ia ¢ 0 57 39 Strong thickening of pen
10 0 57 50 traces on lhorizontal
components.
94| 4 Mar. | Tov o G 45 E§ Strong thickening of pen
I 6 45 35 ‘traces on horizontal
components,
35 6 Mar.| Tay e 22 21 29
Mx |22 21 35 <# 7
Mg 22 21 48 2 12
I 22 28 35
36| 8§ Mar.| Is 1 Py 0 35 01.6 Not recoriled by Vertical.
1 LMgy| O 35 039 | <3| 17| 14
C 0 35 06
I 0 35 228
37| 17 Mar.| I, e 3 2h 48 Strong thickening of pen
e Ly 3 26 05 trace on ISast-West
My 3 EG E 2 4 component. No per-
q '1 26 25 ceptible disturbance on
Ii 3 28 51 Vertieal.
38 19 Mar.| I, i_;!{:\., ,Eﬂ El EE No disturbance percept-
e Py .:0 21 27 ible on the Vertical.
e LMex |20 21 29 <3 5 4
C 200 21 31
I 20 21 35
39| 20 Mar.| Ta ¢ Ppy S 07 58.7 Sli ]
¢ l'p; : 08, Slight disturbance
1 LMgx| 8 08 007 <4 8| 10 Verticﬂ;stulhmw &
C indefinite '
It 8 08 03
41 Y 7 5 ; ’
8 Mar. | I.{ 15:[ }:_: }2 ;llg [race of a distant earth-
3 SR 81 13 quake on North-South
e - - J 42 component only.
: ol Nar. | I 0 0 09 37 J S r
A S ; ; North hputh only.
I 0. 13 415
431 31 Mar.| Ta I Py [ 12. 40 514
1 P'-. 12 40 a21.7
1 EI; ]ﬂ -H] 5]+ﬂ'
i LMy (12 40 541 | <3 5
1 LMx |12 40 540 <3 14 ’
1 LMs |12 40 548 | <3| 19
C 12 41 06
F 12 41 2

W, W

(7
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DISCUSSION OI' PARTICULAR EARTHQUAKES
TeLESEISM oF OcToBER 3, 1914

At Berkeley the first and second preliminary tremors on the
seismogram of this earthquake were fairly distinet, though they
began rather gradually and it was somewhat difficult to be certain
of the exact instant of their beginning. It was not possible to
determine with any certainty the time of beginning of the chief
phase of this earthquake. '

At the Lick Observatory the time of beginning of the chief
phase was also indefinite. Very good horizontal records of the
preliminary tremors were obtained. The first preliminaries
began sharply on both components. On the Bast-West record
the first preliminaries averaged about 13 microns for the first
three minutes of their duration. The periods ranged from 2 to 4
seconds. On the North-South component the average amplitude
for the first three minutes was 6 microns. The periods ranged
from 2 to 4 seconds. After about three minutes there was a
sudden deerease in amplitude, and for the rest of the time of
duration of the first preliminary tremors, the amplitudes were
very slicht while the periods averaged about 2 seconds. On the
East-West component, movement ceased entirely for a full
minute before the beginning of the second preliminary tremors.

The second preliminary tremors began with quick shifts of
comparatively large magnitude. For about a minute the periods
ranged between 4 seconds and 5 seconds. The amplitudes on the

Fast-West component were 25 microns, and on the North-South
component they ranged about 12 microns. After the first mipuie
there was a gradual decrease in amplitude. On the Bast-West
record there was a complete cessation of movement at about the

> " . . : T
time of the beginning of the maximum Waves, On the North-

South component, however, a slight movement contimued until

the beginning of the main waves.

The main waves began gradually with movements of small
amplitude. On the North-South component 1t was ]‘}1‘:}5'.5-1?]}{‘ {o
male an approximate determination of the point of beginning of

the chief phase, by noting the point where the period of vibration
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-

changed from the short period of the preliminaries to the longer
period of the main waves.

The epicentral distance and the time of arrival of this earth-
quake at this station indicate that this is the record of an earth-
quake originating on this day, near Martinique and St. Vincent
in the West Indies.

NEAR Snock oF NovEMBER 8, 1914, ORIGINATING IN
SOUTHERN (CALIFORNIA

This earthquake oceurred at about 3" 40™ A.a. (Pacifie Stand-
ard time) on the morning of November 8, 1914, and since it eame
at a time when most people were asleep very little information
concerning it eould be obtained.

At Los Angeles, Whittier, San Fernando and Montebello in
Los Angeles County, the earthquake had an mtensity between
IV and V of the Rossi-Forel scale. At Avalon on Santa Catalina
Island the intensity was between IIT and IV of the Rossi-Forel
scale.

At Arrn}_rn Grande, in San Luis Obispo County, an earthqualke
Was reported as oceurring at about 3" 30™ A.ar. on this same date
.It hﬂi_;l an mtensity of IIT to V of the Rossi-Forel seale ui:
intensity. The disturbance was strong enough her

sleepers and the intensity was at least TV and
Rossi-Forel seale.

e to wake
possibly V of the

mt. e B
11llilﬁH[!ﬂ]:].lqlld]aB was recorded both at the Lick Observatory
and at Berkelev 0 . 1 L e '
eley, but on account of the distanee of origin from

these stations the records were rather poor. None of the char-
acteristic a8es -
ft :l“; phases of the seismogram could be distinguished, and
IT Was theretore w1l o 1 - ;

as therefore not possible to determine the epicentral distances

CENTRAL CALIFORNTA EARTHQUARE or NovEMBER 8, 1914
At Berkeley, this carthquake was felt by .
exeept those persons wilking
oceurrence.  The preliminary
those tavorably situated .ﬁ_u:
a barely perceptible tre

almost everyone
out-of-doors at the time of its
tremors were distinetly felt by all

observing carthquake movement as

mbling motion. They were not, however,

renerally recoenize | : :
o y recognized at the time of their oeceurrence as a part
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of an carthquake. The real nature of the movement was realized
only when the waves of the chief phase arrived. Strong move-
ment began with a lurching of buildings, accompanied h:._f creak-
ing of the walls and ceilings of frame houses. Small movable
objects were not much disturbed by the shoek in Berkeley.
Though only a feeble earthquake, it produced a feeling of alarm
among many people in this locality and a few of the more nervous
left their houses. The intensity in Berkeley is estimated to have
been between IIT and IV of the Rossi-Forel scale.

At the Inck Observatory the earthquake was somewhat more
severe. Director Campbell estimated the intensity there as rang-
ing from IV to V of the Rossi-Forel scale. Here also the first
preliminary motion was distinetly perceptible to those who were
favorably situated.

Good records were obtained on all the instruments at Berkeley
with the exception of the Marvin strong-motfion seismograph.
The intensity of the earthquake at Berkeley was not sufficiently
ereat to operate the starting device of this mstrument.

At Berkeley, the first shift of the ground in the North-South
component was to the South. Also there appeared to be a separa-
tion of the prelimmary tremors into two divisions—possibly
representing the first and second preliminary tremors.

On the East-West component the separation of the prelim-
inary tremors into two parts was quite noticeable. On this record
the first shift of the ground was toward the East. The Fast-West
record on which the maximum movement occurred showed
“‘tangled’’ lines. That is to say, the lines represenfing SUCCESSIVEe
earth movements crossed each other, indieating that there was
some differential movement in the mechanism of the seismograph
other than that which was due to the registration of the earth-

(qualke, .
On the vertical component record the first movement of the

eround was downward. The separation of the prelimmary

tremors was not apparent on this record. |

The origin of this carthquake lay off to the southeast ?t
Berkeley. The fact that the first movement of T;hi:‘ g_rmmd 1)
this earthquake at Berkeley was toward the origin is rather

peculiar. Usually tectonic ecarthquakes begin with a wave ol
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expansion and not a wave of contraction so that the first shift
shown on the horizontal records is away from- the origin, and
the first movement on the vertical record is upward.

In some cases, as for example, in the Central Califormia earth-
quake of July 1, 1911, there has been observed an apparent
iitial shift of the ground toward the origin, at places near the
epicenter. However, in these instances, the first shift of the
horizontal pens is slightly toward the origin and is followed
almost immediately by a sudden reversal movement with a strong
counter movement away from the origin. In such cases it appears
that the first impulse of the carth shock was so rapid that what
has been called a ‘‘whip-effect’” was produced. That is to say,
the first movement was so sudden that the inertia of the pier
came into action and the result was a sudden slight tilt of the
upper part of the pier toward the origin, followed by its recovery
and movement with the earth. This, however, does not seem to
have oceurred in this case. The records are definite and the first
impulse was a sudden strong shift toward the origin, there being
no minor preliminary shift due to the inertia of the pier,

At Lick Observatory the pens on the horizontal component
instrument were thrown off the paper during the last part of the
preliminary motion and remained off during the rest of the pre-
liminary movement and the first part of the main phase. The
vertical record was poor, the friction being so great that no phases
could be distinguished.

The horizontal records obtained at the seismographic station
at Santa Clara University were not complete, the intensity of the
shock being great enough to throw the pens off the pﬂpm: during
the greater part of the motion. Tt was not possible to determine
1?]1{: distance of the epicenter by means of the vertical record at
Santa Clara station. On the vertical record the preliminary
tremors were about as strong as the first part of the main waves
On this account, and also due in part to the short period of th[;
vibrations, which caused the records of various impulses to he
run together, it was not possible to separate the phases and thus
determine the time of duration of the preliminaries. (Interval

L-P.)

2H. 0. Wood, Univ. : s : .
(Sopt 5, 1919). .41 v. Calif, Publ., Bull. Seismographic Stations, no, ¢
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An approximate determination of the position or origin was
made by using epicentral distances from Berkeley station com-
bined with arrival times of the first impulse of the earthquake
at Santa Clara and Lick Observatory, In this way 1t was deter-
mined that the probable origin was on the San Andreas Rift,
near Laurel, California. This determination agrees with the

result of field study of the distribution of mntensity made by
Mr. Carl II. Beal of Stanford University.

Articles dealing more in detail with this earthquake appeared
in the Bulletin of the Seismological Society of America.?

CENTRAL CALIFORNIA EARTHQUAKE oF NOVEMBER 21, 1914

This earthquake was not felt in Berkeley, though fairly good
records of it were obtained there by the Bosch-Omori and
Wiechert instruments. The earthquake was also recorded by the
Kast-West component of the Omori tromometer. Only a barely
noticeable disturbance appeared on the North-South component,
however.

At the Lick Observatory the earthquake was felt distinetly by
persons walking indoors, but those outside did not feel it. It is
described as a sudden jolting movement of the ground. The
seismograms obtained at the Lick Observatory station were good,
except for the faet that the intensity of the earthquake was
sufficient to cause irregularities in the rates ot the elocks driving
the recording drums. Also there was considerable chattering of
the pen on the North-South component.

DisTANT EARTHQUAKE OF NoveEmper 24, 1914

At the Berkeley Station the seismogram of this earthquake was
characterized by a sharply marked initial movement on all ¢om-
ponents. On the record of the vertical component the first
movement was a distinet maximum, after which the amplitude
eradually decreased to a series of very minute vibrations which
continued until the beginning of the chief phase. On the hor-

3 Carl H. Beal, Earthquake in Santa Cruz Mountains, November 8§,

1014, Bull. Seis. Sce. Am,, 4 (1914), 215,
E. T Davis, Central California Earthquake of November 8, 1914, Bull.

Seis, Soe. Am., 5 (1915), o.
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1izontal component records the first movement was not the maxi-
mum, though it was noticeably strong. It was not possible on
any of the records to find any sign of the beginning point of the
second preliminary tremors. On the horizontal records the
maximum movement of the chief phase oceurred very shortly
after the time of arrival of the first of the main waves. On the
vertical two definite maxima appeared, the first oceurring about
b seconds after the main waves began and the second 37 seconds
later.

At the Lick Observatory the seismogram of the East-West
component was imperfect, due apparently to the binding of the
damper on the pen of that component. A very good record was
obtained on the North-South component. As at Berkeley, the
first impulse was distinet, but no trace of the beginning of the
second preliminaries could be found on the record. The earth-
(quake seemed to begin with the first impulse of the first prelim-
maries and then there was continued slight motion until the
time of beginning of the main waves. Here as at Berkeley the
main waves began rather suddenly and there was a great con-
trast between the main waves and the preliminary tremors in
point of amplitude. The preliminarics were rather minute waves
and for the most part were barely perceptible, while the main
waves were of noticeably large amplitude.

The first part of the chief phase was made up of at least nine
separated groups of waves. The amplitude of the first wave in
each group was rather small but it continued to imerease with
i ot L e
{ bea ‘ gam. 1 group of waves con-
sisted. of five or six complete vibrations and required half to
ﬂll'(‘l‘.’.‘-l‘jlli'll‘ll&l‘ﬂ ol a minute for its development and disappearance,
Vel ge RERLRTT E.Eﬂl *ennji,lnueg all t%n*uugh
I‘he seimnn;rum. ::I‘ili:;ju;;;'n;hHEMJIE' e nit s of
seen in the records ﬁl1télined bftt Bir{i]}l?f]fg ﬂf 1 Comaaad
marked here as it was at the Lif‘]' Oli L ‘f .. .trwa:-?. 1-mt Sl
the lower damping ratios at L IE .,-l.uvdtm} s duetto

= at Lack Observatory.,
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SOUTHERN CALIFORNIA EARTHQUAKE OF JANUARY 12, 19154

Records of this earthquake as obtained at Lick Observatory
and Berkeley were unsatisfactory. The time of beginning {_;f
earth movement was somewhat uncertain on account of the very
gradual beginning and also due to the fact that slight microseisms
were running at the time of registration of the earthquake.
Further the point of beginning of the main phase was more or
less indefinite. No very aceurate determination of distance could
be made, but it was estimated that the distance of the origin
from Berkeley was in the neighborhood of 450 kilometers.

Mr. Carl H. Beal® of Stanford University, who has studied
this earthquake in the field, reports that its origin was near Los
Alamos, California.

ITALIAN EARTHQUAKE OF JANUARY 13, 1915

At the Lick Observatory only a barely perceptible disturbance
was apparent on the North-South component record.

The seismograms of this earthquake which were obtained at
Berkeley were imperfect. Characteristic phases were not well
marked and 1t was not possible to make any determination of the
distanee of origin from this station. The first preliminaries were
obscured by strong microseisms, so that the first movement of
the ground could not be made out. The beginning of the main
phase of the seismograms obtained on the horizontal components
seems fairly definite.

There is no doubt that these seismograms are those of the
Italian earthquake. The distance of Avezanno (which lies near
the origin of this earthquake) from Berkeley is about ninety
deerees of are, It would therefore require about forty-three
minutes for the main waves of a shoek originating at this place
to travel to the Berkeley Station. C. Davidson® gives the time
of oceurrence of this earthquake as 7" 53™ (Italian time), which

4 This earthquake occurred at about 8" 32™ P, on January 11, 1910

(Pacific Standard time). :
8 Carl H. Beal, The Earthquake at Los Alamos, Santa Barbara County,
California, January 11, 1915, Bull, Seis. Soc. Am., 5 (1915), 14, =
6 Nature, 94 (January 21, 1915), p. 565. Geographical Journal, 45

(1915), p. 145.
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would be 6" 53™ when reduced to Greenwich Mean Cnul Tlme,
Adding forty-three minutes to this, we should _expect to find the":
first impulse of the main waves reaching Eerkeley at 7 36m. At
Berkeley the main waves apparently begin at 7" 37™ 485  While
the agréerﬂﬂ'nt is not very close, doubtless due to the poor record
obtained at Berkeley, still it is close enough to indicate certainly
that the record ubtmﬂed at DBerkeley is ﬂlﬂt of the Itahan

earthquake.




