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THE REGISTRATION OF EARTHQUAKES
AT THE BERKELEY STATION FROM
OCTOBER 230, 1910, TO MARCH

31, 1911

BY

H. 0. WOOD

EQUIPMENT OF THE BERKELEY STATIOXN

A Seismographic Station equipped with modern apparatus
has recently been established at the University of Cahforma
ander the charee of the Department of Geology. It succeeds
and takes the place of the seismographic station so long main-
tained at the Students’ Observatory by the Astronomical Depart-
ment of the University of California. The new station has been
in effective operation sinee the 30th of October, 1910. though 1ts
projected equipment is not yet complete. It will be referred
to briefly as the Berkeley Station to distingmsh it from other
stations in California. The following pages constitute the first
report upon the establishment and wor kof the Berkeley station.

The seismographic instruments are set up in a basement room
in the University Library. This is a new building of very solid.
steel-frame construetion. The instruments are seated upon piers
of conerete which projeet up through openings cut 1n the tloor
and extend down to the firm roek whieh is found only a few
nehes below the floor level. The apparatus is wholly isolated
from the structure. The bedrock here is an indurated sandstone
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Tw::: 100-kilogram ]305(*.11—@1!’1&2‘1 Tromometers complete with
dampers and regmtra.tmn apparatus, obtained from J. and A.

Bosch in Strassburg. These honznn*lm,l pendulums are installed so

that the plane of suspension of one is in the meridian, and that

of the other at r:ght angles to it.  These therefore register the

E-W and the N-S components of seismic motion respectively.
Both have been adjusted so that they have periods of 15 seconds,
magnification factors of 80 times. and damping factors of 8 to 1.

An 80-kilogram Wiechert V ertical Seismograph obtained
from Spindler & Hoyer in Gottingen. This instrument required

a long time for “‘settling’’ and during this period its adjust-

ments were changed from time to time. During most of the time
covered by the following report this seismograph has been
adjusted to have a period of 6 seconds and a factor of damping
of 8 to 1. Its magenification factor has been made approximately
80 times.

A horizontal- pem‘]nlum tromometer designed by Omori and
constructed under his direction in Japan, intended particularly
for the registration of nearby shocks. This instrument was
transferred to this station from the Berkeley Astronomical
Department of the University. When it was dismounted for
the transfer, advantage was taken of the opportunity to give the
instrument a thorough mechanical overhauling. In consequence
of this and the pressure of other duties 1t has not yet been
remounted.

In process of construction and nearing completion is an
inverted-pendulum seismograph designed by Professor €. I
Marvin of Washington. D. €., for the registration of strong
motion. This is being made by V. Arntzen in the workshop of
the Department of Civil Engineering.

The time-marking maenetie devices of all the mstruments

lIth lin "‘~ ':E:r . J iﬂl tlhx’ ﬂmc ’EHE ! fﬂ'

‘ﬁﬁiﬁp-”‘ es the fﬁllgwma instru-
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in active service are operated and controlled by a high-grade,
break-cireuit ehronometer, no. 488, of the make of Wm. Bond
& Sons of Boston, which for an instant every minute releases
current from storage cells through the eiremit which operates
the magnets. The storage cells are installed so that one battery
may be charged while the other is in use. By means of a tele-
eraph sounder in circuit with the mean time clock at the Stu-
dent's Observatory the chronometer is compared with the elock
daily.

The time actually employed in the station is the Standard
Mean Time of the 120th meridian, but in the systematie report
upon recorded earthquakes all time determinations are redueced
to Greenwich Mean Civil Time.

SPECIAL FEATURES

This seismographic station is situated within or on the
castern margin of the ‘‘circumpacific geosynelinal®’ which 1s
recognized by de Montessus de Ballore as one of the two zones
of predominant seismic aetivity in the world. This zone is a
comparatively narrow belt extending along the western coasts of
South and North America and on by way of the Aleutian
Islands to the coasts of Japan and the Malaysian Islands. This
follows approximately a great cirele of the globe which, along-
the Californian coast, takes a north-northwest, south-southeast
direction. It is to be expected, then, that a eonsiderable majority
of the earthquakes registered here, especially those from mod-
erately great distance, will emanate from foei lying either to
the north-northwest or to the south-southeast of this station. In
a2 cortain measure the shocks already registered confirm this
OpInion.

Professor (. G. Knott, in summarizing present views as to
the character of the earth motion during various stages of a
seismic disturbance, states that ‘‘longitudinal displacements
predominate in the first preliminary phase and the third phase
of the large waves, and the transverse dlsplacements in the
second phase and in earlier phases of the large waves.”” This



il University of California Publications

generalization forecasts the detection of the f:ullnwilig' Pﬁﬂlﬂiﬂ’f‘i-
ties in the seismograms of the majority of distant shocks regis-
tered here. The first preliminary tremors and the later part of
the principal motion, consisting predominantly of ‘lﬂng_itl;ldinﬂ,]
waves, should be better marked and of larger amplitude in the
N-S component than in the E-W component unless local condi-
tions interfere; also the second preliminary tremors and the
earlier part of the chiet phase should be better marked in the
E-W component than in the N-5 component.

In agreement with ths predietion, the earlier part of the chief
phase of most of the earthquakes of distant origin so far regis-
tered has been much better marked in the E-W component. For
example, on the seismograms of the great shock originating in
Russian Turkestan near midnight of January 3-4, 1911, the
maximum amplitudes in the E-W and N-5 components of the
principal portion were 500p and 70 respectively. The short-arc
path from this station to the origin has a direction about N 15°
W Nevertheless one or two earthquakes have been registered in
which the N-S component showed the larger motion in the prin-
cipal portion, indieating that such shocks emanated from origins
outside this circumpacific zone, and at the same time demon-
strating that the usual predominance of maxima in the E-W
component is neither instrumental nor due to local conditions.
The correspondence between theory and measurement in the
other phases, the preliminary tremors and the later part of the
chief phase, is less definite and satisfactory. For it is of course
impossible to make all adjustments perfectly and it is untor-
tunately true that the writing point attached to the N-S pen
causes more friction than that attached to the E-W pen. Though
the difference is minute it is sufficient to make doubtful any
conclusions in the case of small movements. It no doubt enters
as a factor in the larger movements of the chief phase, but the
differences here are too great for it to control. Though it has
been in operation for only a brief time the registration here
already apparently confirms the conclusions reached by Omori,
Marvin and Knott recarding the charaeter of the large waves.

Although the station is equipped with instruments of modern
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type 1n delicate adjustment, already several small shoeks have
oceurred in California which have not been registered by them.
Indeed in one or two ecases no shock has been remstered here
when distinctly registered by Wiechert instruments installed
at Santa Clara College, situated some fifty miles to the south-
southeast. And in some ecases when recorded at both stations
the motion has been unquestionably greater at one or the other.
Likewise shocks have been recistered at this station whieh are
not reported by that at Santa Clara College. The obvious con-
clusion is that many of our local earthquakes are shallow and
feeble so that their energy is dissipated in a relatively short dis-
tance. Though they are manifestations of growing strains and
emanate from zones of danger they are not strong enough to
affeet even the betfer seismographs at a moderate distanee from
their focl. Consequently for the study of such loeal shocks more
stations suitably distributed are needed.

("ONSTANTS
(CONSTANTS OF TIE STATION

Latitude and longitude of the center of the seismographic

OO :
d— 37° 5221559 IN. Lat

A—122° 15" 367”6 W. from Greenwich.

Time. all determinations ar: reduced to Greenwich Mean
Civil Time.

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

(JONSTANTS OF THE SEISMOGRAPHS

Period Magnif. Damping
Bosch-Omori Tromometer N-5 component.. . 155 S0 5-1
Bosch-Omori Tromometer E-W component . .. 158 S0 §8-1
Wiechert Seismograph Vert. component . ...  B6s St S-1
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7 (terrae motus remotus) fﬁ'ﬂmﬁh‘m (“"igi” sEromL 000 ta0,000

]ﬁiumlﬁﬂrﬁ distant).

ery distant shock {anngm more than
5,%[? kilometers).
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u (terrae motus ultimus)

9. Phases of the Scismogram—
P (undae primne)  First phase, or first preliminary tremors,
PR, Waves n-times refleeted at the earth’s surface,
S (undae secundac)

SR Waves n-times reflected at the earth’s surfaee.

n

Sccond phase, or second preliminary fremors.

PS Waves changed from longitudinal to transverse
oscillation, or viee 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.

C (coda)

F (finis)

Tail or end portion.

Emd of diseernible movement.

3. Nature of the Motion— )
i (impetus) Sudden beginning of the motion,
¢ (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
(u=1/1000 mm.).

dg E-W euuumuerft of A.
Ay N-S component of A.
Ay Vert, component of A.
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No.

Date

Charae.

Phase

Time

| Perlod
L

Amplitade

Ay

Ay

)

1010
30 Oect.

2 Nov.

4 .Num] 1

5 Nov. Iv

6 Nov. IIIr

8 Nov. Id

9 Nov.

10 Nov.

111 u

Il u

14

17

22
18

|

o= SR v o

13

08+
0+

59.6
03.7
05.5
17.

09
Gk
12
40.7

20
20
21
21

34
37
39
39
40
48.5
50-=

36
36
36
39.7

14
25
40
43
09
03
06.7
ﬂg
40
20

4

TN
s I =
-] =1 =]

L

23

32
30!

29

28
05

39
99
18
59

32

35
46

43
23
45
24
38
45

44
11

8-10

8-10
8-10

25-30
20-25
15-18
15-20

15-20
15-20

30
20-25

15-20

o

280

100
110
20

15
)

a3

F i

| 140

R —

10

—

Barely discernible gine
WAVES

Simple well-marked sine
WwWnaves

L very doubtful
Wnﬂaﬂ somewhat irregular

Relatively simple feeble
waves

Recorded also by the vertieal
EE;'lEm'ﬂ'gm "d ph

Waves of chief phase show
simple superposed motions

Not reported felt here

N-8S record defective

Three well-marked groups of
large waves in chief phase
from

h m

(a) 6 42.7 to
(b) 6 &5.7 7
(o) TR ot
and two groups

phase
28.7to 8 31

(d) 8
(e} 8 39 n 8 43.

=] =1 ¢ch B

m
47.7
(01
07
in the tail

'Registered also by vertical
seismograph .

Chief phase a simple sine
curve for many minutes
dying away gradually
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et Muti‘n;i ‘barely percepfible
| {0 {lat waves in N-S
L aomp,mantm] ¥
"Dy:mg\m&ﬁiun of chief phase

¥

Teeliio
v ':: -";f“{l! y
e, |1 | L
irx B
[ ]
)
-

, ¢ y = IIrl] - '.'
10| 8 Dec.j L |

Barely discernible short
waves

11 | 3 Dee| I 06~ e

|
x|
St

10.20| 5 |Dying chief phase of feeble

Ton e i I, g chief |
] e ‘Histant shock

l-.g (2}
T
i
[y N
.[_

13| 5 Dee. Ld 20 24 5{] Motion barely discernible in

E-W component only

nd H Bl ="l S
— _;_-:_._-*_.f-r_.

International
Seismological
Centre

Bulletin of the Seismographic Stations

No.

Date

Uharac.

Phase Thne quw_ b
' -““I "E'-H

[

1410 Dee.| I u 9 39
05
06
08
30+
12 o7

S - Tl
=
o

15112 Dee.) 1

91

01
15

40

2-3

5-10

20-25

12-15

o=
==

E——— ——— . ———

Waves of chief phase are
irregular showing com-

_ pounded motion, with re-

3 curring maxima

Registered by vertical seis-
mograph also

19

21

22

25

16

19

28

31

1910 g
Dee.| III u

Dece. Id

Dee.| 1
:Dﬁﬁ- I

Dee.| I1T d

i
. ———— - e —- —_——— -

*Registration apparatus
stopped at this time

he Some i g plop
Mg a3 27 63
M | 58 55 4 75
Mx 16 02.7 e A
My 05 52/ 15 |100
*F 43 ' |

=l &

[Cloek correction uncertain

1370105 lock cor
' Barely discernible

03 |

17 33.7 1-3
37

18 ﬂﬁ |
SR | | Waves

[Motion scarcely perceptible

Scarcely perceptible ghort

11, 37 8- | Short tangled waves
11 38 130 | 60 |Vertical component regis-
11 48 tered

1911
Jan.

Tu

3 Jan. III u

11
12
03

20.5

14--
45+
30+

39
52

1
M
F

i
F

i
F

iP l1g 11 19 1-2 | Felt, II-1I1 R.-F. seale
L.
Mg

C

F

E- 2

IMovement in N-8 component

very slight

Origin near Issykul in Rus-
siun Torkestan
Waves of 1st and 2nd phases

0 02 | Dying waves of chief phase indefinite

15 8-10 searcely discernible | (4 J““'), Mo o4
0= ol | My o5 28 20 0l
. 1 97 55 16 |
Bnre]g perceptible short | a Pﬁ_n 30 03 15 |300
Waves l | My 93 54! 20 | 290
| B2 20=%=

N 2 47| 25 70 | show auperpuaed motions
B 4’; 20 55 (Large waves more regular
300 Maxima recur in chief phase
and in tail phase

=

1612 Dee.) Id 17 98 46 short

(=8
F 30 10
17113 Dee.l Illu | e P {11 57

120 3-5

Chief phase a sine curve

S
b R
lg¢ 13 00
N 01
i el 15
B 14 30

18114 Dee. 1 1P 120 57
S(1) 21 01
L 06
'r Mg 06
B 22 00

19116 Dee, IIIu | e P 15 03
| T 46
: 48

My 1 D2.7

=

indefinite

17
06
32

17
18
20
+7

a2

34/ 2

28

]

-

to
30

780

10

Waves of 1st and 2nd Phases
very irregular, of chief
phase a simple sine curve

e T gl -

2q 12

Jan. Id

Jan,! Id

e ————

DA
4() ==

20
25
26
17
17
17
10
18
20

34
34

D3

32

-]'f

10

G

Dying waves of chief phase
of a distant shock

Clock correction uncertain

Tangled waves
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|Motion N-5 component,

38(18 Feb. M u | 23 |15-20( |  [Motion N-S compon -
' | 407 | 2 | | | barely perceptible 1

|5 58 - |Long flat waves, barely per-

3411 Mar.| Tu | e o
| FER 50 ceptible
P

3611 Mar. IId | i P

5
”
&

40 90

36|13 Mar.| Iu | e (11 27.7 15-18| b E-W component only
F | 45 Barely perceptible long flat

Waves

e |4 144 1-3 Phases indistingnishable
37(29 Mar.| I F 19 Seareely perceptible

-




