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SyMBOLS AND NOTATION

{. Character of the Earthquake—
I. Perceptible  IL. Moderately strong. IIT. Strong.

d (terrae motus domesticus) Loeal shock (origin mearby, perceptible
at the station).

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

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

u (terrae motus ultimus) Very distant shoek or teleseism (origin
more than 5,000 kilometers distant).

2. Phases of the Setsmogram—
P (undae primae) I'irst phase, or first preliminary tremors.
PR. Waves n-times reflected at the earth’s surface.

S (undae secundae) Second phase, or second preliminary tremors.

SR. Waves n-times reflected 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 prineipal part.

M (undae maximae) Greatest motion in the chief phase.
C (coda) Tail or end portion.

I" (finis) Iind of discernible movement.

3. Nature of the Motion—
1 (impetus)  Sudden beginning of the motion.
o (emersio)  Gradual beginning of the motion.
T (period) Time of one complete osecillation.

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

Ap E-W component of A,
Ax N-5 component of A,

Ay Vertical component of A,

'
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THE BERKELEY STATION

CONSTANTS

Latitude and longitude of the center of the seismographie

room :
¢— 37° 52 1579 N. Lat.
A=122° 15’ 366 W. from Greenwich.

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

Altitude, 8§5.4 meters (280 feet) above mean sea-level.

CONSTANTS OF THE SEISMOGRAPHS

Period AMagnif. Damping

Bosch-Omori Seismograph N-S component ... 158 80 8-1
Bosch-Omori Seismograph E-W component ... 158 80 §-1
Weichert Seismograph Vert. component _....... 68 80 8-1
Omori Tromometer N-S5 component ... 2s G0 i
Omori Tromometer E-W component ............... 2.58 60 S

Marvin Strong-motion Seismograph—

o
oo

1.3-1
by G D el b e s e i e e LiHa) 5.1 1.4-1

B=-W component <. e .58
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- Amplitude -
No.| Date |Chamc.| Phase fom{? iy, ECERS SR AL Remarks | Amplitude
et E N v No. Date | Charac.| Phase G.:::IFIE.H{I_ET. Period T R T Remarks
s 5 :; fﬁl : 2 3 g B i 1015 | I : - :
| 1 Qet.| TITa | 1 Pe |10 & . ITor 1n parallax on hor. E _ e Oy 3 (O R B
1 | ! ; VP 15 26 18.6 izontal component i";i 8| o Oect.| Iy 1 Px 13 58 23 1 No definite maximum on
| 1 Py 19 26 19.9 struments, Vﬂr'tiu.a'] | e g 13' 08 _HE Eust-“"gst component.
| ) i I |15 26 213 1| 26 record limited on e oS mﬂeﬁmtp ] | F lost in micruagiarma
i DMy |15 26 23.70| 3 32 side by safety stop ﬂ%m 5 g_f; o ) nftei 15" ﬂl‘“-rt _Dr{ﬂ-ngt'
LM 15 26 25.5 1 >o1 S_EE discussi ; Ak , e Lig T clOocK on vertical ou
n = E‘l ¥ lg o6 31 S101L In fext, | M 14 07 48 8 14 | of order.
F |15 29 23 | - 1,;“dﬂelﬁ_’;itﬂ |
9| 2 Qct.| Ia o 0 16 42 No definite maximum An . ;

i) 1 Sl . aftershock of the earth- : 91 6 Oct.| I ¢ 5 32 98 | Weak irregular waves
quake of October 1. Re- | F 5 36 38 | without definite maxi-
ported felt at Purisima, | i . mum on North-South.

' On East-West was just
3| 2 Oct,| Iy oPex [23 41 17 Not registered by wver- | | barely visible.

es indefinite tical, as driving cloek , |

| elLey |23 42 05 had stopped befor 100 8 Oct.| ITTs | 1 PM 5 25 418 | 4/10| 827 {563 See discussion in text.
Pl ore

My 23 421 54 5 50 earthquake. A fore- 1 Ly not separable |

Mg 23 42 &6 6 61 shoeck of the strong ALy 5 25 :15 4/10 162

C 23 44 45 earthquake (No. 5 in C indefinite |

F 0 00 45 this list). Discussed in K 2 30=% |
text. | -

=3 2 11| 8 Oct.| Iq & b 20 48 | | Marked thickening of pen

4 (8) Oct.| I, [ ePa | 1 40 23 Vertical driving eclock B 21E8 ol | | beaooe., ek attershick
| EIS’H % ég gﬁ stopped. A foreshock | PreYre s

& - e of No. 5. Discussed in 19| 8 Oct.| Ima| i PMs | 5 35 262| <% | 99 |\ Fnet-Wist inptramont A

e Oy 11 dﬁﬁn]t'ﬂ tEIt, s T - - ap { I - N D

e Lg 1 50 33 1 Py 5 35 ‘.-_ﬁ.: n\;unt ed Dby o. 10,

6. T 1 50 38 C indefinite : North-South pen thrown

M 1 '51 13 = I 5 38 01 off by this earthqualke.

'\.[h TRy i 11 282 ‘ : An aftershoeck of No,

an - 23 1; 10% | 460 | 10,

t )
F 2 41+ 13| 8§ Oect.| L 14 5 44 06.0 | An aftershock of No. 10,
5l ¢ A 1 LMy 5 44 (06.5 1 +
| & Oct.| III e : b 1 Mgz and My measured on | P 5 44 10 |
i Y : Omori tromometer rec-
L L o o9 Sl ord. Pen off paper at 14 8 Oct.| ITTa | i PMy | 5 52 016 | <& | 5 | An aftershock of No. 10.
Me | 6 56 08 13 >870 time Mg, Vertical seis- | | iPex | 5 52 016 | | See discussion in text.
My 6 57 00 2 515 mograph not running | | i Ly 5 52 024 |
= I |

C 6 58 00 but throw of pen on | 1 LMeg | & 92 025 <% 206 |

F 9 51=% paper was 725y, Origin '- i My | o 22 W <% | he)
in Nevada. See disens- | C | T 06 ',
sion in text. ; I O, 92 ad | | | |

6] 3 Qct.| I, - = : ' 15| S Oect.| L o 5 on 99 | '  Strong thickening of pen

% %g ij‘; 3:' A few barely percelﬁhli K | 5 a6 00 t trace, North - South

2 05 WV S DI% E:gt-sigiﬁy , | . only. An aftershock of
component. 08 ; | [ N LI
an aftershock of No, 9. | | | | | , |
il 4 Oct.| T, ) ) 16 8 Oct.| IITa | 1 PMy | 6 31 30.1 | <% | 3  Error in parallax on
'13“ :1L§ g; gﬁ No definite maximum Ofi 3 | 1 - PsT 76 BY 3050 <3 30 .} North-South compon-
= East-West component. | | i Py 6 31 318 | <3| 15 | . ent. An aftershock of
Record consists of weak 1 i TulM'» 8 31 3L.b . No.10. See discussion
iI’I‘E!_‘-;‘l] l:l'l' \'-'1'11*["3 'I_Tf H]lﬂrt I , i .]-.l:“-:-.. ﬂ Hl :12-2 | in tﬂ':{t.
period and small am- | 53 6 31 35 |
plitude, Barely per: | T G 31 56 |
ceptible on East-1) est r | | | I 1
component.
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T Amplitnde
me
No. Date Charac. | Phase G.M C. T Eerid A A AT Remarks
o E 5IE ET a : f Thi ] g
7| 8 Oct.| Ia e lckening of pen trae
14 F 6 50 11 on North-South. .E
aftershock of No. 10,

THEr e A 7 §4 40 Tlliﬁkﬂniug of pen trace

F 7 54 49 on North-South com-
ponent. An aftershoek
of No. 10.

19 5 Oect, Id c T ah 18 T}]i@kﬂni“g of pﬁn-ttﬂﬂﬂ'ﬂ

O 7 b6 24 on horizontal COmMpon-
ents. An aftershock of
No. 10.

20( 8 Oect.| Ia e Py 0 47 23.2 Strong thickening of pen
e Pxg 0 47 234 trace on vertical com-
i1 LMx | 9 47 243 | <3 6 ponent. An aftershock
e Lip 0 47 244 of No, 10,

Mg 9 47 9240 <} 5
C O 47 26
F O 47 56
211 8 Ocki| Ta e 9 59° 09 Thickening of pen trace
: 0 59 13 on North-South com-
ponent. An aftershock
of No, 10,

22| 8 Oect.| Ia 0 100 57 42 Strong thickening of pen

® 10557 =43 trace on North-South
component. An after-
shoek of No. 10.
23] 8 Qct | Ia 1 PM 17 16 404 1 3 North-South component
F 17 16 55 only. Begins with a
maximum and ampli-
tude gradually de-
creases to zero. An
aftershock of No. 10.
24| 8 Oect.| Iy 1 PM |22 44 15 3| 4 Bast-West component
F not deter- only. Begins with a
minable maximum movement.
Amplitude gradually
decreases to end of ree-
ord. End portion 1n-
terrupted by the begrn-
ning of the next earth-
qualke, An aftershock
of No. 10.

L7 =y .

2o 8 Ul:t.l I 1 P 22 44 93 | 4 Bast-West ecom ]‘rnnﬂrllt
I 22 44 33 only, Reeord begins

with a maximum and
amplitude  gradually
decrenses thereafter.
An aftershoek of No.

10.
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: Amplitude
Date Charac, | Phase G. 'ii'lmé‘ T AT Remarks
1915 h m =& b i
10 Oct.| Iy e o 22 53 Short period waves of
K 5 26 54 small amplitude, rep-
resenting  the dying
energy of a near shock.
Phases not separable,
Registered on all com-
ponents.
.f"'-_
2 '{’11* Oct.| Ir ey 19 43 56 Beginning and ending of
| e Sy 19 49 2] this seismogram are
e Ly 19 58 06 obscured by strong
My 20 03 a0 5 microseisms. A few
C indefinite barely pereeptible waves
1 20 41+ on the records of the
East-West and vertieal
t components. Regular
: waves on North-South
component from 12"
00™ to 12®14™_ Period
12 to 17 see., amplitude
variable.
2811 12° 0Oeét.| Ta 1 Pg 1 29 51.2 In tail portion of these
1 Py 1 29 513 records there 18 a sud-
| 1 Px 1" 290 514 den strong thickening
| 1 Mg | 10 29¢ §2l1 6 of the pen traces. It
| i LMy | 1 29 522 11 is possible that this
| | Ly indefinite abrupt disturbance rep-
‘ 1 My 1F 295 53 resents a second slight
| C 1 20 8 earthquake oceurring
| : F 1 30 41 almost immediately
| | i after the other. An
l | aftershock of No. 10.
i | |
20112 Qeti | Tv.r e | 2 24 Beginning and ending of
| | My 2 29 56 1 seismogram obscured
| P 2 434+ by strong microseisms.
' Neo trace on vertical.
' A few barely percept-
ible waves on East-
West component at the
| time of maxinmum.
|
| 15 Qet.| Te o 20 22 28 A series of minute jerky
| I 20 2810 waves, showing no def-
| | inite maximum and in
| - i which no phases are
| | : separable. Monthly
| | | Weather Revicw reports
a shock at 20" 21™ at
| Fallon, Gerlach, and
Winnemueca, Nevada.
I
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| e o Amplitude - e
: arac. o y S fats ¢mur Amplitade
Nof  Date - HiCH Thase ] G MU, Apsil 2ty i No.| Date |Chamc.| Phase [ o 300, | Perica Ag ZH Ay R
1015 8 amytaR = Bl s M |I ,
: T - 03 ITTE""U]II]‘ - I 1915 h m 8 B n no|
{28 SR P 1i %g 43 short 1:-321151”;;'3“5 o 36| 20 Nov.| Iru | o 15 31 30 2 A few long flat waves
i amplitude, No de?ir::?tlé F 15 50 30 15 1|23 with period and am-
| maximum and no phases PREERAMEIER ok
separable. On all com. | 37| 21 Nov.| III; | e Px 0 15 45 , ¢S mnot discernible on
| a ponents but barely per- | e Pey 0 15 47 horizontal components.
| | ﬂElJtﬂJ]E.DH East-West. I oSy 0 16 54 Maximum recorded
321 20 Oct.| Iy e 2 35 04 Irregular jerky waves in | e Ly 0 17 44 shift on East-West was
0 2 38 04 which no maximum ig | e Lg 0 17 49 630x when pen went
diseernible and ng | e Ly? 0 18 07 | off paper at O*18™ 32°,
phases separable. Be- | Mg 0 18 33 18% | 825 . East-West pen returnesd
ginning and Euﬂing ob- TI My uncertain > 630 at 0% 24= 12% Pen on
| scured by mieroseisms. ; My O 18 17 13 125 North-South left paper
| Horizontal component | C 0 23 47 at 0" 21™12¢ and nb
. only. Monthly W eather f P 2. 20 turned .at 0" 23™ 477,
: Review reports a shock | See discussion in text.
at 28 34m o e |
N’evaﬂi 3 atieg: 38| 12 Dee, | Ir.r e 21 29 00 | BF.-g’['inn:i.]:lg;1 ﬂl‘l.'::ﬂ et;ding
33| 22 Oct.| ILi [ iPa | 6 18 32.8 An aftershoek of No, 10. | My |21 31 30 | 10} 2 obscured by strong
i Px 6 18 33.9 Not registered bvﬂ'\r:rleg- F 21 37 10 microseisms, Very weak
S T M 6 18 233.9 3| 34 5 : - ' record on East-West
1 E <3 tical instrument, as the AR
i LMy | 6 18 343 | <} 60 writing pen of that , | B
C 6 18 30 seismograph had been 30| 27 Dee.| Iy iP T 23 335.0 ‘““Tangled waves’’ on
F 6 19 o4 thrown off by an ir- 1 Lg T 23 49.6 North-South  record.
regularity of the paper | e Lixy T =230 Iy Well registered by both
joint two hours before | Me T O ) 30 components of Omori
N = this shock. | Msx RTINS 20 tromometer. Monthly
34 (1 Nov.| Iy e Pg AR A fair record was written | My 7 88 55 K 13 16 Weather Review reports
’ e Py T 35 28 by the vertical seismo- | C T 24 23 this shock felt at Lon-
| e Sy [ agraph but it was ren- 13 D REETE onl, Salinas, San Jose,
| e Sg T 44 95 dered illegible through Santa Cruz, Soledad,
e Ly E 3 33 OVErseoring caused by SPTEEI{EIS and .ﬁrﬂtEE}H-
i e Lix i b4 08 temperature variations. | ville. Felt at Lick
My 8 00 48 0% 59 IMarvard states origin Observatory (No. 18).
My, 8 00 49 0 10 is in island of Yezzo. 1 '
C indefinite 40| 29 Deec.| I. | e o 04 15 | Trm'.'.ﬂ]nf a distant earth-
! 5=+ - 0 2 =t | e,
g0 18 ‘:qﬂ'ir'.' I'r_r :l['.":t 11 ég_ﬂs Benrin“i]], r  and El’l[]i[]" ; lHB e quﬂ
F 4 46 are uh:iturer] by Htl'ﬂnf'.' 41| 31 Dee.| IIIc | oP 12 21 03 | L North-South  ‘pen Hefs
'i microseisms, Horizontal ] oLy |12 21 a7 | paper at time of the
s ~ 112 91 59 MAX1IUm,
J cmn[mnmlfs nn]:;". Heg- ! e Lipx 'J._ = ¥ !
e TN My |12 23 00 29 <70
ular waves begin 4 1 <
| BTl 108 a s oat | Mz |12 23 29 | 108 | 79
whi) anid continue Ll | Qg a3 /0 04 128
until 4" 43 03 In 1 | 1}11’1' |12 .-_lﬁ 52 03 9
these there are two [ I 111(]09 _:‘_Itﬂ
groups of simple sinu- : | F I+ 01=X
soidal waves. The first 49| 31 Dec.{ T2 |iP |23 06 07 Peculiar record. Sudden
beging at 4" 35® (8 1 | | Sk 23 15 08 berinning followed by
anil continues to 4" 38" “» | S 23. 16 1.0 : a train of weak waves
03* TPeriod is 10 sec- | S5 °3 15 23 of small amplitude and
onds and amplitude T 03 41+ period. At time indi-
mierons, The second | cated by S(17) there is
group heging at 4" 39" | a strong increase in
[]T“ ﬂ]'ll] Pﬂlltinl]{‘ﬁ t[l ‘I‘“ [llﬂ}ﬂitlli]ﬂ' fﬂ]]ﬂwﬂd h}f
41™ 35% Period 8} sec- | weak waves to time of
onds and amplitude 4 | ending,
' Microns. _ -

o — — — T L e —
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B B e R TR e
No Date Charsc. | Phnse G. g[ ‘"{'JE_ T Period A T Remarks | :
- ot J No. Date Charac, Phase G ;LHEF T Pérlod -——iﬂ{ﬂtﬂﬂﬁ _— Remarks

| 1018 h -;“; {':-:'3 2 8 1= # 0 2 | ey Ag | Ay | Ay | |
43 | : _ P! 113 3 ecord Ssomewh o : |
SH@RUEBIRIET e Siee el TR e v | SR h m s A A B

. ! e Pg L ¢ by microseisms, 48| 286 Jan. | Iv.r e 12 55 40 Beginnin 1 endi

| | e Sg 13 44 06 ulf’,.; and P are uncer. ; 5 = 138 .Eg_mm(nlg a_m 'ﬂm_lm_g ob-

} - 0 Sx 13 44 09 tain on this account | = | E:E.um by microseisms.

| | ] 4 01 10 Pen off L | imple sinusoidal waves

| . & I..l[-.. ] . ; pﬂPEI' ﬂ.t MHI* | f ]3‘1 Gﬂm GU‘ ok

| : - 2 69 Absolutel - s ; to 14

| | My 14 04 04 Yy no trace of n 0. :

g 690 e 3 | 04" 50* with period of
| 1 Mg, |14 05 18 18 >6¢ novement on vertical | 10 mpli-
| | My, |14 11 30 | 193 | 222 record Secondsiand nipl
| |. | Mdp H1% i 2 == : : tude equal to 2 microns
| s inde _1: ¢ Vertieal shows no sign
| r 5 4lx | | if any _disturbance.

| tast-West seismograph
| q 1 undergoing repairs.
[

44 | 13 Jan. Ir e B 6 43 18 Reg“hlr waves fI‘Um Th "'1'5'-"1 31 Jan. [r..l.l e P 18 U% DU‘ Rﬁgiﬁtﬂreﬂ h}T all three
| | My 7T 16 53 18 17 L1™ 15* to Th 27m 158 A 18 35 36 components, No phases
| | K 8§ 06x Period 16 to 18 seconds, F 19 12-+ separable.

Amplitude vari
121 fewpbir;]ﬁf;;:gﬂfihﬁ 50| 31 Jan.[Tew | e |20 47 30 Barely perceptible trace
Tong flak miciies F 22 16 30z of a distant earthquake
i North-South record. No | gEtEﬂﬂt-“ est compon-
| disturbanee on vertieal. '
| | | 51( 1 Feb.|T. |eP 749 11 Horizontal eomponents
j | | E-L ) i"iﬂi_ ﬁt*l | 0?1}:: After the time
45| 13 Jan, | I, ePry |20 39 18 North-South ecomponent ' | i sie I 0% poulere T6Lowhes
| | ; L : ' : O 12 46 | rav hi
| | & E-J:'I: 20 4? a8 weialk. On it the am- E’l 10 91+ ;T;I".E:E u‘fl';-l]it:ﬂ?].ﬁ\*“':éilﬁ
| | | € SN 200 45 46 : ]\‘Iit“lllﬁﬂ are several . the ‘:T-ﬂ_‘.?ﬂ' { tl‘ .
L8 T 2() 53 98 . S . 'S 0 12 Iiin
| e Ly 7 times smaller than they vhase, The waves of
| Ms (21 02 48 | a8 8 are on the record of th e -
| g VLN are on the record of the the main phase ¢onsist
| Mg 210 19" 15 19 199 Fast-\V ! ;
, Mp 3] ! 22 Jast-West component. of n series of lone flat
C indefinite Not revistered by ver- e e N
r P o AN egistered by ve waves with an average
LI B e ‘!Zlf.'ill EE]HI!]ﬂgT[lllh. ELI-: periﬂd of 16 to 18 F.I].I_‘."-
1s indefinite. + onds and amplitude
ranging from 1 micron
| | to 3 microns.

46| 19 Jan, | T, S ,1,{} 19 304 Barely perceptible long 52| 3 Teb.| Tv e Px h 03 04 | Driving elock on vertieal
| | I 20 36 30+ flat waves on North- I | ¢ Pn 5 03 08 | stismograph out of

: South. On BEast-\West | e Lixp 5 04 01 order. Monthly Weather

| record simple sinusoidal I. | My 5 04 25 3% 14 Keview reports cearth-

| | wayes begin 19" 30" ’ Mg 5 03 39 7 3T | quake in Nevada at
| ' 30* and continue until | 8 5 06 a8 a"00™, This shock was
E 19" 50™ 305 Period 18 " 5 19=% felt at Amos, Elko,

| 20) seconds and ampli- . | | Bureka, Fallon, Ger.

tude is 3 microns. : | | : Inch, Rebel Creek, Tus-

| | carora, Winnemueea,

17l o4 3 | | | | and Paradise Valley.

b iy :." . N - | | - g -

: An. | Lr ]':f, 1“% 40 33 Sinusoidal waves from , 3! 4 TFeb.| Iy o Px 200 32 12l | F lost in microsecisms after

8 14 30+ Th 53m 30% to 8" 03™ 30" y | 1 e Pry 20, 32 2 time indieated. The
Period 18 seconds, am- | b indefinite 3{,},”},;3, Weather Re-
| plitude 6 mierons. Reg- | o T o0 32 27 ' ' view repﬂrtE: fl Ehr_lE!{
| | isterad by North-South | | e Liy 20 32 35 felt ‘El.t Htﬂhst}?r, (:Tnlb
| and vertical Seismo- 1 | | Mg 20 32 48 1 8 fornia, at this time,
,_E.{I'il]lllﬁ. Bast-West in- | I I M an 32 B3 2 g with an intensity I\
strument was out of | | | My 20 82 55 1 4 to V.
order. | | =0 200 33 01
| | \ F 20 36 094
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| i Amplitude - |
' Dat Charac. | Phnase Emlf T rerad Remarks | [Tz e D e
NO, ale G. v e Lo AE AH -ﬁ-."l,'f' 1 3 Time Amp“tudﬁ
_ No. Date Charac. |  Phase G.M.C.T, Perlod | .- Remarks
1016 th m 8 5 /T B R Ag | Ay | Ap
=¢| 6.7 Feb.| T o P 21 59 42 No {leﬁnij‘:ua maximum gn | 1916 h m s 4
eSx? 122 06 07 North-South record, | 58| 4 Mar.| Ir. er 8§ 14 23 o) Wit Barely pereeptible lon
e Sy 22 U6 24 * 7 Y percep : 8
v S e | | E 8 20 13 flat waves. Period 18
ein 22 o a | | seconds, amplitude 13
e Lix 011‘1 Eu ni g | microns. Not visible
e Ly 22 1; 12 1 on North-South or ver-
| e;_f i‘:j. }E gg ) k ,| tical components.
"F‘ i LB ] ~u
Mg 22 17 0L !
C 22 30 42 09| 12 Mar.| I, e 7T 45 23 38 2 2 | Long flat waves with
; F 0 26 40=%« | 5 1 8 07 28 period and amplitude
| . indicated.
55 17 Feb. | 1.9 ; 11 41 40 No phases separable. Seis 60| 16 Mar.| I? e 22 44 18 Barely perceptible trace.
: M (11 50 31 | 163 [ 10 mogram begins with M |22 49 2 14 3 North-South only.
AMx 11 50 28 18 6 waves of short period E E 23 A8 90—
F PR30t and small amplitude |
which last a 1 < = :
T A ;;:';p ihﬁ 61| 31 Mar.| 1% e 11130 b Sinusoidal waves 11" 18™
e Mg (11 19 09 [ 10 | 15 15* to 3% 26™ 55°. Per-
amplitude decreases to ; : .
a barely pereeptible My 11 19 45 9 9 iod and amplitude in-
Amonnt . At - I 12 13 45 dieated. No trace of
s * disturbanee on vertical
06 waves of long per- record
iod begin, These con- :
tinue to 3" 59™,
|
261 20 Feb. | Trw 0 17 54 40 Simple sinusoidal waves
eL? |18 02 37 begin 18" 05™ 22% and
| C lllﬂﬂ_ﬁﬂitﬂ continue until 18" 10™
* 19 27+ 27%. On North-South

| component period is
| equal to 9 seconds and
| amplitude is 6 microns.
| On East-West compon-
ent the period is the
same but the amplitude
1S 18 mierons.

07| 2T Feb.| I, ¢ Py 20 29 07
| i Pg 20 29 (8

Good record on vertical
component but 1t was

Egn E{; 35 31 rendered illegible by
| i <l 85 /3b reason of overscoring :
| eI:h ;g 40 43 aused by temperature
1' 1IF~ = 41 02 varintions.
VL 20 48 a5 15 194
My, |20 49 43 18 90
Mp, (20 50 47 | 18 |og1 |
| 1\.[:-.,'1 20 51 B3 o0 | 94
C 20 58 07
K 23 37+
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THE LICK OBSERVATORY STATION

CONSTANTS

('ONSTANTS OF THE STATION

Latitude and longitude of the center of the seismographic
room :
$—237° 20’ 2475 N. Lat.
A—121° 38’ 34” W. from Greenwich.

Time. All determnations are reduced to Greenwich mean
civil time.

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

CONSTANTS OF THE SEISMOGRAPHS

Period Maognif. Damping
Wiechert Seismograph N-S component ..... 8.0 80 4:1
Wiechert Seismograph E-W component ... 7.0 80 5:1
Wiechert Seismograph Vertical component 2.5 80 2:1

i
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’ Amplitude t " " d
Chiarac. Phinse G 'ﬂ.ml_?. T ! i A. . Il' Slmioes
S l E 1 N "
1915 h m =& f I 1 ¢
e Py 15 26 26.6 | Driving eloek on vertieal
e Py 15 26 27.6 seismograph out of
e Lies 15 26 35.7 } order. RSee diseussion
3[[: 15 28 387 ; in text.
Ny 15 26 39
C 15 260 53
_ It 15 28 03
E
2 | ey 23 41 19 A foreshock of the strong
,‘ en (23 41 23 shoek listed as No. 4.
| 1 Ligy 23 42 13 | See diseussion 1n the
Meg (23 42 15 41 l text. Barely pereept-
| Ay 293 42 58 6 ' ihle record on vertieal.
| C 23 43 16 }
]' 10 23 52 09 |
| | |
3 Oct‘I eN 1 49 33 A foreshoek of No. 4.
l (% 1. 49, 39 See (discussion in text.
1 Lg 1 50 28 Preliminary tremors not
1 Ly 1 50 30 registered by vertical
1 Ly 1 50 32 seismograph.
My 1 50 32 9
My 1. 50! 39 33 |
My 1T 500 44 %
(' 1S53 s 88 |
10 2004 16 |
| |
3 Oct. 1 P 6 H4 27 | | Pen off paper during part
1 Sy G0 551 LI !' My. Pen left paper
1 SE 8 55 20 ' on East-West drum at
1 Sy 6 55 21 the time of iLg. See
1 Lg 6 55 36 diseussion in text,
1 Ly 6 oo 37
1 Liv B 55 38
My 6 55 42
Meg 6 o 44 > 760
g - indefinite |
I ik aies
]l 8 Oet, e Prx 5 25 H1.2 Registered on vertical by
e Lix D 26 038 a few waves of small
e Lg 3 926 042 amplitude in which no
Mg 5 26 10 phases are discernible.
My 3 26 16 See discussion in text.
( indefinite
I 5 28 39
0 Dy 3Dl Barely pereeptible dis-
10 5. 36, 18 turhance on both hor-
izontal components but
not on vertical record.




9298 University of California Publications
e Amplitnde
Date charac. | Phase G. M. O.T. A7 AR Remnrks
1015 h m s 2 [
7| 20 OQOect.| Is e P 2 34 04 No disturbance on ver-
e L 2 35 05 tical record. See No.
Mg 2. 35 09 6 32 In list of shocks at
Mx g 35 12 9 Berkeley,
| G indefinite
| F 2 38 (09
§! 20 Oct.| Ia eP 23 53 U8 Barely perceptible on
e L 23 53 11 | records of BEast-Woest
M Shy R 11 and vertical econmpon-
C 23 83 20 ents,
F 93 53 46
(1) Nov.| I e Py T 35 31 Not visible on any ree-
| e Sy T 44 34 ords execept that of the
o Lix 7. 54 4] North-South eompon-
My 8§ 02 32 63 ent.
C indefinite
I¥ 11 00=%*=
1 Nov.| I, e 21 09 40 Strong thickening of pen
IT 21 09 53 traces on both horizon-
tal records.
17 Nov.| Is e 23003 03 Strong thickening of pen
| F 23 03 13 traces on horizontal
records.

19 Nov.| Ia 181 19 49 58.5 Strong thickening of pen
| i LMy [19 50 023 7 trace on East-West ree-
() mmdefinite \ ord.

i 19 350 12
=1 Nowv.| III; 0 16 This earthquake gave par-
tial records on all three
components, None of
the records were leg-
ible, as the instruments
were out of order at
this time. See discus-
s1on 1n text.
2 Dee.| I, e 2. 30 45 shoré-period jerky waves
My S 3 TSR 2 3 of small amplitude in
F 2 33 35 which no phases are
discernible. North-
South ecomponent only.
(3]
12° Dee. | Ir., e |21 25 23 A few waves visible on
P[ :;1 32 33 o North-South c¢ompon-
' 21 40 23 ent. Beginning uand
ending obscured by
MICTOSCISIS,
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A lit:::d
Date Charac. Phase G. Iﬂ“ﬁ T. *Al ml; : Remarks
|
1915 h m s n “
15 Dee. P 15 45 41.6 Recorded on all compon-
1 LM 18 49 4%.3 10 | 10 ents but vertieal récord
C 18 45 47 was illegible through
I 18 45 &7 OvVerseoring.
16 Dec. e 23 20 08 Strong thickening of pen
L 23 20 21 traces on all eompon-
ents.
27 Deec, 1 Py T 23 249 Registered hy vertical hut
1 Pe 7 23 254 record was imperfect.
1 Lix T 23 309 See No, 39 in list of
i LMe | 7 23 31.0 144 shocks at Berkeley.
My 7 23 40 100 Time correction uneer-
C indefinite tain, Intensity IIT at
10 T 28 143 Mount [Mamilton.
31 Deec. e P 12 21 22 Registered on North-
e L 123225501 South component only.
M 12 54 50 482 Others were out of
C 12 29 41 order,
F 12 40 21
1916
1 Jan. e 0 24 03 Strong thiekening of pen
" 0 24 13 traces on horizontal
components,
13 Jan, e 6 37=% Barely perceptible waves
F T 362 on North-South com-
ponent only,
| 13 Jan. e P 200 39" 22 Good record on North-
e S 20 46 02 | South. Barely percept-
e L 90 53 07 | ible on East-West. No
My 91 02 5T ! 8 visible disturbance om
C indefinite vertieal record.
13 23 15=%
3| 26 Jan. e 12 46 30 ‘irace of a distant earth-
M 13 01 00 3 quake. Registered only
F 14 24+ on North-South ecom-
ponent,
3 Teb @ 5 03 47 Sudden siaft of pen trace
i P L on vertieal at the time
Ay 5 04 18 9 a4 of the maximum.
| Mg 5 04 21 2% | 31
0 indefinite
| Ir 5 05 56
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L= Time Amplitude
No Date Cluarac, Phase G.AL O.T. Perimd - AL Ay Remnrks
1016 h m B 5 I :

o5 | 4 Fab.| I o 5 45 b5 Series of minute waves

! T 5 46 35 in which there is no
definite maximum an
in which no phases are
separable. A trifle

| stronger on East-West

|_ record than on North-

| South. Barely percept-
ible on vertieal,

261 4 Feb.| I, L Ps 200 32 n: Not reported felt at Lick
| TP 200 32 17. Observatoryv. See No.
| 1 Ly 200 32 23, 53 in hst of Berkeley

1 Lig 20 32 24, earthquakes,
My 20 320 22 1
Mx 200 32 33 4 31
Mg 20 32 40 14 | 22
C 20 32 aT
F 200 33 23
271 15 Feb.| I, e 11 42 58 North-South component
M TS ST 32 15 3 only.
F 120 (=
281 19 Feb.| I e 8 01 56 Strone thickening of pen
F S 02 06 traces on the records
of both horizontal com-
ponents.
201 20 Fab. | Ir. e 18 10 00 A few long flat waves on
I 18 16 05 North-South component.
A0 27T Feb. | Trw [ 1P 20 19 14 Not registered by ver-
| 2 8 20 35 46 tical seismograph. Only
el indefinite a few waves on IDast-
My 20 46 49 10 29 West record.
| ¢ indefinite
0 21 14=%
31| 1 Mar.| T, o 0 21 22 Strong thickening of pen
I 0 21 32 traces on both horizon-
tal components.

o 19 | AT,

9= 1 Mar.| I ; 0 :39 ﬂg Thickening of pen fraces

0 29 07 on horizontal compon-
ents.

39

10 Mar.| Ta ; Eg 41 19 Strong thickening of pen
20 41 30 traces on horizontal
records.
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Amplitad F
Date Charac. Phase G. ';:linga o PALSLE Sy
1916 h m =& s,
14 Mar, | Iu e 23 41 48 Marked thickening of
: ! ming of pen
¥ 23 41 59 traces on records of all
three components.
16 Mar.| Ia e 0 39 40 Strong thickening of pen
F 0 39 51 trace on North-South
record. Barely percept-
ihle disturhance on the
records of the East
West and vertical com.
ponents,
29 Mar.| Ta.v o 4 37 16 Series of minute waves
F 4 38 00 on both horizontal eom-
ponents.
31 Mar.| I | eP 13 14 23 Record on North-South
- e L 13 16 59 component eonsiderably
Mp 13 19 34 Y stronger than on East-
Miey L3S 2 T2 7 | 12 West component. No
Alx- 13" 21 07 8 | 15 trace of disturbanee on
G indefinite i vertical.
F 13° 42+ '




939 University of Califorma Publications

DISCUSSION OF PARTICULAR SHOCKS

Tue LocaL EARTHQUAKE OF OcroBeERr 1, 1915

The seismograms obtained at Berkeley show a considerable
amount of ‘‘tangling of the lines,"’ this effeet being especially
noticeable on the records of the East-West component. The
movement of the writing pen on the vertical component was
limited on one side by the safety stop, so that the complete
vertical amplitude was not determinable. The movement of the
ground at Berkeley was sufficiently strong to start the Marvin
strong-motion seismograph. On acount of the small amplitude
of movement, however, no satisfactory record was obtained by
this instrument.

The direction of the first shift of the ground at Berkeley
cannot be determined from the records of the East-West and
vertical components. On the seismogram written by the North-
South instrument it is elearly toward the south. Since the point
of origin lay to the south of this station, the earthquake must
have begun with a wave of contraction.

At Berkeley the earthquake was felt by the greater propor-
tion of the inhabitants. The earth movement was accompanied
by a rapid quivering of buildings, during which observers noted
sudden strong jerks, the reported number of which varied from
one to three. The intensity in Berkeley was between TIT and IV
of the Rossi-Forel scale.

The origin of this earthqualke was estimated to lie at a distance
m:f forty-four miles from Mount Hamilton and twenty-seven miles
i{‘tlln-ﬂ][’f Berkeley Station. Through the kindness of Mr, A. J.
i‘“if-‘“'lldll of Santa Clara University, the writer was permitted to
e:::mnme the records obtained at that station. They show that the
f.ill.‘ii'ﬂl'lt;‘ﬂ of the epicenter from Santa Clara was thirty miles.
Cireles drawn with these epicentral distances as radii and the
Proper stations as centers, will give intersections on the San
Andreas Rift a little northwest of Redwood City.

’ The M‘:‘“-{MU Weather Review reported this earthquake felt
;;rilif;f;lﬁxngn EI;T;USI;}ith the intensitie::; indicated : Petaluma,
€O, ; Oakland, 1T; Livermore, IT: San Jose.

(1
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IT. As noted above, the intensity in Berkelev was IIT to IV.
At Purisima, this earthquake is said to have had an intensity as
great as that of the 1906 earthquake, at that place (VIII].‘
The earthquake registered on October 2, at 9 16 4-2;'* Wwas
felt at Crystal Springs Lake, Burlingame, Redwood City, and
Purisima. It appears to have been an aftershock of the earth-

quake deseribed above.

THE VIOLENT NEVADA EARTHQUAKE oF QcTOBER 3. 1915!

This earthquake was felt over a large part of the area of the
[United States, west of the Rocky Mountains, As indicated below,
the energy involved in this disturbance, measured by the area
affected, was probably greater than that involved in the San
Francisco earthquake of 1906. The region of origin was in
Pleasant Valley, Nevada, which was studied in the field by Pro-
fessor .J. Claude Jones of the University of Nevada. Iis report
upon the earthquake has already been published.”

The principal earthquake was preceded by a considerable
number of foreshocks. Two of these were exceptionally severe
and were felt throughout the greater part of the State of Nevada.
The first of these stronger foreshoeks oceurred on October 2,
1915, at 23" 413 The second ocenrred at 12 49™ on October 3,
19152

The second strong foreshock was considerably more intense
than the first one and was felt over a larger area. It was dis-
tinetly perceptible at Grass Valley, in California, a distance of
about two hundred miles.

Both of these strong foreshocks were registered by all the
seismographic stations in the Western United States. Far
records were obtained at Berkeley* and at the Lick Observatory.®

1 Stated in Pacifie Standard time, this earthquake oceurred at 10" H4™

P.M, on October 2, 1913,
> J. Claude Jones, The Pleasant Valley, Nevada, Earthquake of October

2, 1915, Bull. Seis. Soe. Am., vol. 5 (1915), p. 190.
5 Stated in Pacific Standard time, the date of both would be October
2. 1015, and the times of oceurrence would be gh 41™ p.af. and 5" 49™ P.M.
1 Shocks numbered 3 and 4 in the Berkeley list.
» Shoeks numbered 2 and 3 in the list of Lick Observatory.
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The first impulse of the prineipal shock: arrived at the
Berkeley Station at 6" 54™ 31% The first shift of the ground at
Berkeley was toward the southwest—away from the point of
origin. The periods of vibration during the first preliminary
tremors were unusually long, being as much as ten to fifteen
seconds. During the preliminary tremors, the Bosch-Omori
horizontal component seismographs were dismantled. After a
few long strokes the writing pens of these mstruments left the
paper and remained off during the last portion of the preliminary
tremors and during the main phase. The writing pen on the
Fast-West instrument returned to the paper after about ten
minutes and registered the end phases of the earthquake.

The Marvin strong-motion seismograph was started during the
main phase of the earthquake and partial records were obtained
by that instrument. Complete records were written by the Omori
tromometer and the measurements given in the tabulation above
were taken from that instrument.

The time of duration of the earthquake at Berkeley was un-
usually long—mnearly three hours. When the seismograms were
first examined, it was thought that a distant earthquake had
oceurred at about the same time as this strong near shock and
that the record resulting was due to a combination of both dis-
turbances. However, no other strong earthquake is known to
have occurred at this time. The unusual duration of motion is
due to the continuous arrival of energy from the agroup of strong
attershocks which followed the main earthquale.

At the Lick Observatory the East-West instrument and the
:*Plhleil;t:rtlllll*i;izl:;nt g.:-,n-'e l:':umplut{.a: records of the eu%'t]u:p_mku:

I S instrument was dismantled at the beginning of
the main phase. Here, as at Berkeley, the first shift of the
ground was away from the origin.

The area affected by this carthquake, as shown by Professor
Jones, was at Jeast as large as that affected by the San Francisco
“*“'Ehf!“ﬂkil'- of 1906. Tt is known to have been felt as far east
;_"-" "T‘““ Lake L::it}'“- One newspaper report states that 1t was felt
I San FI‘EHIFIL'.}EEL’J. The shock was felt throughout the greater
t‘f}l’[.tnzfi-‘iﬂ;i?::l:q L‘:z; Lgiﬂl? Cnﬂst. RiﬂllgE'S. It wim reported

~ 8 ¢zo and as far North as Seattle. In

(I
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view of these facts, though the information at hand does not
justify an absolute statement, it is highly probable that the area
affected by this earthquake was considerably greater than that
affected by the earthquake of 1906.

This 1s rather interesting when one considers the relative
length of the fault-trace in the two earthquakes. The work of
Professor Jones shows that in the Nevada earthquake a vertical
scarp was formed which could be traced for a distance of between
twenty and thirty miles. On this searp the displacement was
fifteen feet at the maximum, and had no horizontal component.
In the San Franecisco earthquake, the movement on the fault was
tor the most part horizontal, being twenty-one feet at the maxi-
mum, and the break could be traced over a length of one hundred
and ninety miles.

Tie CENTRAL CALIFORNIA EARTHQUAKE OF OcToBER 8.% 1915,
AND ITs AFTERSHOCKS®

This group of earthquakes comprised two moderately severe
shocks, two of slight intensity and a considerable number of
instrumental earthquakes. The first shock of the group was the
principal disturbance, the others representing its aftershocks.

At Berkeley the first earthquake began abruptly with a quiek
lurch of the ground. There was absolutely no preliminary move-
ment perceptible to human beings. This is borne out by the
instrumental records, on which it is not possible to separate any
preliminary tremors.

The force of the first impulse threw the writing pens ot the
Bosch-Omori seismographs off the drums, so that no records of
this first shock were written by these instruments. Excellent
records were obtained, however, by the Omori tromometer and
the Wiechert vertical seismograph. A partial record was written
by the Marvin seismograph.

The maximum movement of the ground in the horizontal com-
ponents was practically coineident with the first impulse.  The

¢ In Pacific Standard time, the date would be Oetober 7.
7 See also E, F. Davis, The Earthquakes of October 7, 1913, 1n Central
California, Bull, Seis, Soc, Am., vol. 5 (19135), p. 230,
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vertical component rocord shows a maximum about three seconds
later. Perceptible movement of the ground was accompanied
by a rumbling sound which was distinetly heard by a large
proportion of the residents of Berkeley. Several observers re-
ported that the shock began with a sound like that of a boiler
explosion. At Berkeley the earthquake had an intensity of about
VT of the Rossi-Forel scale. In the Piedmont district, south of
Berkeley and at the western base of the Contra Costa Hills, the
intensity was considerably higher, reaching about VIII of the
Rossi-Forel seale. In San Francisco, the carthquake was felt
distinetly, though its intensity was not high. A slight pre-
liminary tremor was noticed by observers there.

This earthquake gave fair records at the Lick Observatory on
the two horizontal eomponents. On the vertical record it 1s
represented by a few irregular waves of small amplitude 1n which
no phases are discernible. It is not reported as felt by those
living on Mount Hamilton.

The second earthquake of the group was instrumental only
and was extremely weak, not being registered by the Omori
tromometer.,

The third earthquake had an intensity of from III to IV in
Berkeley. It was accompanied by a distinet rumbling sound.
Like the first shock, it was too strong for satisfactory registra-
tion by the sensitive Boseh-Omori instruments. Excellent records
were written by the Wiechert vertical seismograph and by the
Omori tromometer.

At Lick Observatory the third earthquake is represented by
a barely perceptible disturbance on the horizontal records. No
trace of 1t is visible on the record of the vertical component.

The fourth earthquake was instrumental only.

The fifth earthquake of the group was felt by many people
in Berkeley, where the intensity ranged from between 1T and 111
of the Rossi-Forel scale. The movement of the ground during
this earthquale was accompanied by a rumbling sound.

The sixth earthquake was instrumental only.

The seventh earthquake was felt in Berekley, where it had an

intensity between IT and III. Tt was preceded by a sound
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resembling a faint muffled explosion and the earthquake move-
ment was accompanied by a slight rumbling sound.,
. All of the remaining earthquakes of this group were instru-
mental only, save for the eighteenth. This was felt in Berkeley
and in Oakland. In Berkeley its intensity was between IIT and
1V.

The following tabulation gives the time of oceurrence of the
various earthquakes of this group, together with their numbers
in the lists of the Berkeley Station and of the Lick Observatory :

Numher Numlier in Number in

in the Time of Oceurrence the Derkeley Mt. Hamilton
group Greanwich Mean Civil Time list list
1 October 8§ 5h 25m 41458 10 ]
2 5 20 48 11
3 5 30 26.2 12 6
4 o 44 06 13
5 o 62 01.6 14
6 D 923 0o 15
7 6 31 30.1 16
8 6 50 07 17
2 T 54 40 18
10 7 56 19 19
11 P47 23.2 20
12 9 59 09 21
13 10 57 42 22
14 17 16 49.4 23
15 22 44 1o 24
16 22 44 23 25
i1 October 12 1 20 51.2 28
18 Oectober 22 6 18 32.8 33

An exact determination of the distance of the origin of these
carthquakes from Berkeley cannot be made since the ordinary
distance formulas do not hold for such short distances. The
interval of the first preliminary tremors varied from zero up to
about ecight-tenths of a seecond. This variation i preliminary
tremors indicates clearly that all the shocks did not originate at
exactly the same point on the active fault. While the exact cis-
tance of origin cannot be determined, it is certain that it was
small, probably in all eases being less than five miles.

There are two faults in the region of San Francisco Bay
which have been active during recent years. These are the San
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Andreas Rift and the Haywards Rift. The distance from
Berkeley to the nearest point on the San Andreas Rift is APPLOXi-
mately twenty miles. An earthquake originating at this distance
from *Berlceley should show a duration of preliminary motion
from two and one-half seconds to three seconds. There can be
no doubt that earthquakes with an interval of preliminary motion
less than a second could not have originated on the San Andreas
Rift. Their probable origin would be the Haywards Rift near
Berkeley.

Measurements of the records obtained at the Lick Observatory
indicate that the epicentral distance from that station was about
forty-seven miles. Good records of the first two strong earth-
quakes were obtained at Santa Clara. Through the courtesy
of Mr. Albert J. Newlin the writer examined these seismograms,
and his measurements showed that the probable distance of the
epicenters of these earthquakes was thirty-five miles from Santa
Clara. Two cireles drawn with these distances as radii and the
proper stations as centers gave an intersection near Oakland.
Thas fact, 1n connection with the nearness to the Berkeley station,

would 1ndicate that the origin of these earthquakes lay on the.

aywards Rift between four and five miles south of the Berkeley
Station. This determination is confirmed by the high intensity
in Piedmont.

These earthquakes are of considerable interest on account of
the fact that they are the first shocks, with the exceptions noted
below, known to have originated on the northern end of the Hay-
wards Rift sinee the installation of the present seismographic
station at Berkeley. Slips which give rise to local shocks of
moderate intensity are common on the southern end of this rift.
The strong earthquake of July 1, 1911, had its origin on the
southern end of this fault.

Like the strong earthquake of July 1, 1911, the first earth-
quake of October 7, 1915, was not preceded by any foreshocks.

i .
Careful search of the records during the preceding days failed

to show any preliminary disturbances. Possible exceptions to

th'“‘ statement may be found in the oceurrence of a couple of
slight earthquakes some months before,

1 3 V) = : c
April 12, 1915, and on June 292 1915, very weak earthqualkes

On the morning of
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were registered at Berkeley. The duration of their preliminary
tremors was in both cases less than one second. As far as the
writer is aware, this slight earthquake of April 12, 1915, was the
first one of its type ever registered at Berkeley.

EArRTHQUAKE IN LOWER CALIFORNIA oN NoVEMEBER 21, 1915

This earthquake gave good records on all the sensitive instru-
ments at Berkeley. The East-West component of the Omori
tromometer gave a complete seismogram, but the North-South
component did not register the first preliminary tremors on
account of the effect of friction.

Movement of the ground at Berkeley began gradually. The
first preliminary tremors consisted of two sorts of waves. The
first type had long periods, ranging from ten to fifteen seconds,
and amplitudes ranging from 2 microns up to 6 microns. Super-
posed on these were minute vibrations of quick period and small
amplitude.

The main phase began rather gradually and on the record of
the vertical component it was not possible to determine the time
of its beginning. The time given in the tabulation above is the
time of beginning of the regular waves. For twenty to thirty
seconds after the beginning of the main phase, the movements of
the pens were somewhat irregular. After this they became
regular and the portions of the main phase which were after-
wards registered consisted of beautifully written long slow
strokes of the writing pens. In tracing some of these lines the
pens went off the paper. The North-South pen was off the paper
a little over a minute and a half during the main phase, while
the writing pen on the East-West instrument was off during
almost all of the main phase, returning at the beginning of the
tail portion of the seismogram. The regular waves continued
for about six and one-half minutes when there was an abrupt
¢change in the record. The balance of the seismogram consisted
of separated groups of small waves. :

Newspapers reported a violent carthquake in Lower Call-
fornia at this time and one dispatch stated that the earthquake
was accompanied by an outburst of a cloud of steam in the moun-
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tains south of the International Boundary. This latter was taken
to he an indication of a voleanic eruption. The record obtamed at
Berkeley shows a considerable amplitude of vibration, and this
character, in connection with the distance of the origin, indicates
that the focus of this disturbance was not shallow, as is usually
ihe rule with voleanice earthquakes. The deseriptions of the dis-
tribution of intensity in Southern California, and the fact that
oxcellent records of this earthquake were written all over the
country, all point to the same conelusion. No further outbreaks
of the supposed voleano have occurred. Therefore, though the
ovidence at hand is rather meager, the writer believes it almost
certain that this is an earthquake of the tectonie class. The steam
clond may possibly have been due to the mechanical effect of the
earthquake on one of the hot springs or mud volecanoes which
ocenr in that region.

EARTHQUAKE NEAR KUREKA, CALIFORNIA, ON DECEMBER 31, 1915

This earthquake gave excellent records on the three sensitive
istruments at the Berkeley Station. It gave fairly good records
on the two components of the Omori tromometer. The con-
tinued 1mpulses were finally able to operate the starting device
of the Marvin strong-motion seismograph and a partial record
was obtained on that instrument.

The seismograms written on the three sensitive instruments
were of the usual type for strong near shocks. Movement began
very gradually and the preliminaries consisted of rather flat
waves of a period approximately equal to ten seconds and ampli-
tude equal to abont 9 microns. Superposed on these were very
1‘rnnu'|tu waves having a period about one second and amplitude
in the neighborhood of one or two microns. These minute super-
posed vibrations continued throughout the whole time of dura-
tion of the preliminary tremors.

| Du_rmg the first ten or fifteen seconds of the main phase the
vibrations were somewhat complicated, but after that time they
became very regular and the pens moved back and forth in long
regular strokes. This regular phase gradually decreased in
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amplitude and became more irregular as it died awayv into the
end portion of the seismogram.

At the Lick Observatory the North-South component showed
the only satisfactory record of this earthquake. The East-West
record was not complete and the vertical record showed no dis-
turbance of any sort.

The record here was somewhat similar to that obtained at
Berkeley. Movement of the ground began with a series ot short
period vibrations of small amplitude. These were ended by the
arrival of the larger waves of the main phase. The regular
vibrations began about one minute after the arrival of the first
impulse of the main phase. The regular waves at this station
were separated into groups which began with waves of small
amplitude and inereased to a maximum, after which the amph-
tude gradually decreased. Four of these groups make up the
regular waves.

The origin of this earthquake was somewhere near Eureka,
California. but no reports of any destruction were received.

TELESEISM OF JANUARY 1, 1915

This earthquake gave excellent records on the horizontal
component Bosch-Omori seismographs. A fairly strong trace
appeared on the record of the East-West component written by
the Omori tromometer, while a barely perceptible disturbance
was apparent on the North-South component of that instrument.
The record of the Wiechert vertical seismograph gave no trace
of this earthquake.

Of the two horizontal components, the movements i the
Rast-West direction were considerably greater in amplitude.
The writing pen on the Kast-West seismograph was carried off
the paper twice during the main phase.

On the North-South component the beginnings of the ﬁ{'st
preliminary tremors are obscured by microseisms. The'lJf‘glﬂ"
ning of the main phase eannot be recognized. Thue time of
beginning of the second preliminaries, however, 1S 511111*%}13-'
marked on this component. The movements of the pen during

the chief phase approach simple sinusoidal curves. There 18
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marked tendeney for the waves to occur in eroups separated by
periods of movement of smaller amplitude.

On the record of the East-West component all the phases are
casily separated. The main phase of thig seismogram consists of
two well-defined groups of waves. The first group begins with
the main phase at 14" 01™ 10%, With each successive stroke of the
pen the amplitude increases up to a maximum at 14" 05™ 18,
the periods being nearly constant. When the maximum is reached
the amplitudes decrease m the same recular manner as that in
which they inereased, until a minimum 18 reached at 14" 10™ 06,
The amplitude at the minimum is about 95 microns with a period
of about 17 seconds. After this the amplitudes increase agam
in the same regular way until the second maximum 1§ reached at
147 11m 305, when they decrease somewhat irregularly until at
14h 14m 36° the amplitude s nearly zero.

In the tail portion of this seismogram a similar tendency to
erouping of waves is strongly marked.

No trace of this earthquake was discernible on the records of
the Lick Observatory.



