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Each issue of the Bulletin includes determination of epicenters,

origin times, magnitudes, and other information available at the time

AN

of writing, for earthquakes in Northern California and adjoining areas.

Recorded arrival times of seismic waves are tabulated only for M > 4

earthquakes in the local area and for teleseisms.

Information items regarding the seismographic stations which com-

prise the Berkeley network are repeated in each issue.
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HISTORY OF THE UNIVERSITY OF CALIFORNIA STATIONS

"The Seismographic Stations at Mount Hamilton and Berkeley present
several items of interest in the history of earthquake science, one of
which is that according to the available records they were the first
seismographic stations set up in America. Furthermore, they have func-
tioned continuously from their founding to the present day, with improve-
ments in instrumental equipment from time to time as the development of
the science and opportunity have permitted.

Several outstanding figures in the seismology of the 1880's were
impressed with the importance of these stations, and Ewing, Milne, and
Gray each took a personal interest in aiding one or both stations to

obtain their own best and most modern types of instruments.'

The quotation is from 'History of the University of California
Seismographic Stations and Related Activities" by Professor George D.
Louderback, published in the Bulletin of the Seismological Society of
America, Vol. 32, No. 3, pp. 205-229, 1942. In this paper may be found

a detailed account of the development of the Berkeley stations from the

installation of the instruments (the first earthquake known recorded at

Mount Hamilton was on April 24, 1887) to 1942.

Since 1942, the number of seismographic stations associated with
the University of California has increased from six to eighteen in
1974, 1In 1950, Professor Perry Byerly was appointed Director by the
Regents; he had been in charge of instruction and research since 1925.

Professor Bruce A. Bolt was appointed Director in 1963. Since 1960,

the stations have entered into research and service contracts with the
Air Force Office of Scientific Research, the National Science Foundation,
the California Department of Water Resources and the California State
Division of Mines and Geology. A telemetry network of fourteen stations
in Central California, recording on film and selected stations on mag-
netic tape, is now operated together with seismographs with broad-band
frequency response at Berkeley. Coples of records from instruments at

the Berkeley observatory are avallable, together with response character-

istics, on request to the Director.
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THE BYERLY SEISMOGRAPHIC STATION (BKS)

Equipment of a WWSS station began operating in a newly constructeq
runnel east of the main campus O June 8, 1962. The closest buildings,
part of the Lawrence Berkeley Laboratory, are about 0.8 km away. The
tunnel was cut 1into the upper part of the Claremont Formation. Of Miocepe

age, this formation consists of thin layers of cherty material alternating

with shale.

A plan of the tunnel is shown in the diagram below. Piers are con-
structed of reinforced concrete with no isolation from floor and walls.
The temperature is stable. A ventilating and dehumidifying system is con-

nected to all rooms.

The short-period world-wide standard instruments are operated with an

approximate magnification of 25,000 at 1 sec and the long-period standard

instruments with a peak magnification of 3,000 at about 15 sec.

On March 20, 1964, the Regents of the University of California named

this station the "Byerly Seismographic Station' in recognition of the work
of Professor Perry Byerly.

GEDlDEi

The portal of the adit is in an old quarry which exposes near-verticald

intensely contorted, thinly-bedded, brittle chert, and softer interbedded

shale of the Miocene Claremont Formation. Individual beds are one to a

few inches thick; the chert beds are intensely fractured and intricately

criss-crossed by fine patterns of jointing, Near-surface beds are warped

by downhill creep; soil is very thin. The area is crossed by numbers of

mi '
nor faults, and is about one mile from the active trace of the Hayward

fault.
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STATIONS IN OPERATION:

North
Latitude

Station
(From N to S)

Arcata

Fickle Hill

Whiskeytown

Mineral
Oroville
Mina (Nevada)
James town

Berkeley
(Byerly)

Berkeley

Pilarcitos
Creek

Mt. Hamilton

Granite
Creek

Friant

San Andreas
Geophysical
Observatory

Llanada

Paraiso

Priest

West

Longitude

40°

40°

40°

40°

39°

38~

37°

378

37:°

37°

S

37"

36°

36°

36°

36°

36°

5216

48.1

34.8

207

3353

26.0

56.8

5216

52.4

30:0

2015

01:8

59:5

4519

3720

19.9

08:5

124°

123°

1222

122

121°

188

120°

122°

1:2.25

1222

1:22:°

121°

119°

121°

120°

1205

120°

04:.5

591

3214

36.3

30:0

09:2

26143

1421

1536

22.9

3815

59!8

4215

2617

56.6

2202

3949

metamorphic

5

January 1, 1975 to June 30, 1975

Elev. Foundation

Meters Material Symbol

60 Sandstone ARC
(loose)

610 Siltstone FHC
over
graywacke

300 Geo-Devonian
meta- WDC
volcanic

1495 Volcanic MIN

360 Basalt ORV

1524 Limestone MNV

457 Metamorphic JAS
(serpentine)

276 Claremont BKS
shales &
cherts

81 Franciscan BRK
sandstone

01 Grano- PCC
diorite
(weathered)

1282 Franciscan MHC
formation
(greenstone)

122 Granite GCC
119 Alluvium FRI
overlying
granite
350 Granite SAOQ
475 Alluvium LLA
overlying
sandstone
363 Grano- PRS
diorite
1187 Greenstone PRI

basic

\ International
Seismological

Present Auspicescard
Date Established

Humboldt State Univ.
1948

Humboldt State Univ.
Sept. 4, 1968

National Park Service
March 8, 1973

National Park Service
1938

Dept. of Water Resources
1963

Lawrence Livermore Lab.
1969

Dept. of Water Resources
1964

University of Calif.
1962

University of Calif.
1887

Sare Ranch, 1965

Lick Observatory
1887

Richard E. Randolph
1965

Bureau of Reclamation
March 9, 1971

Santa Cruz,

University of Calif.
1966

Charles McCullough Ranch
1961

Paraiso Hot Springs
1961

Federal Aviation Agency
1961
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STATION INSTRUMENTATION
January 1, 1975 to June 30, 1975

Station Type of Instrument T, sec Tg L
ARC Wood-Anderson torsion 0.8 -
BKS Benioff 100 kg 150>4. Bt

Sprengnether 15 100
Wood-Anderson torsion 0.8 %
Sprengnether ULP 100 300 Filter
" " 100 300 Filter
" L 100 300 Filter
BRK #Benioff 100 kg 1.0 0.2
Benioff 100 kg 1.0 8.0
100X torsion 0.8 =
4X torsion 0.8 =
Press-Ewing 15 30
*Press—-Ewing 30 BB
FHC #Benioff 14 kg IS ) 2
FRI #Benioff 14 kg 1%0.+ 10233
Filter
GCC tBenioff 14 kg 1.0 0.2
JAS Benioff 100 kg I (N0 75
t*Benioff 14 kg 80052
Sprengnether 40 -
*BB Velocity
*Displacement
*Short Period(Filter)
LLA *Benioff 14 kg 1.0 0.2
MHC fBenioff 14 kg TS50 0,52
Wood-Anderson torsion 0.8 -
MIN Benioff 100 kg 1.0 0.4
Wood-Anderson torsion 0.8 -
#Teledyne S-13 150N 052
Filter
MNV #Broad band instrument filtered
to give short-period response
ORV fBenioff 100 kg 1.0 ngg
ter
PCC fBenioff 14 ke 150D oto
PRI #*Benioff 14 ke 1.0 0.2
PRS
#Benioff 14 kg 1.0 0.2
SAO *Benioff 14 kg
tiiSprengnether 0 i L2
er 0.70 kg 0.2 0.05
Filter
WDC Sprengnether 40
*BB Velocity )
*Displacement
##*Short Period(Filter)
f gignais telemetered to Berkeley
gnals recorded :
+ Signals on macnetlc tape, Berkeley

ﬁ"i-ﬁ'l'-rﬂ-l*ﬂ

recorded on magnetic tape at SAQ

T L ey P ey - T i e Ty
-_— . rom

Component

M =
N N

0

= I

o

S oo

S
N
N
S
N4>
N&45
Z

Z

R
' 3;

Z
N
N
Z
N45°W, N45°E, Z
Z
Z

NN

NN N N N

N

N

Mag.crat T,
B
2,000

25,000
3,000
2,000

250
650
570

25,000
Variable
100 may :

4 max ;
1,000

‘.--—

30,000
2,000
150,000

600, 000
220,000

50,000
50,000
50,000



? Py

Direction of motion: 1In the "Component' column, each horizontal component
seismograph is designated by the direction of ground motion corresponding
to upward trace motion on the seismogram when it is oriented so that time

increases from left to right. On all vertical component (Z) instruments,
upward trace motion corresponds to upward ground motion.

Relative magnification curves of instruments recording through the tele—
meter system are listed on the following pages. Absolute magnification
may be obtained by use of calibration pulses recorded daily from each tele-

metered station.

Tape-recorded long-period seismometers (BRK): On pages 8 and 9 are given
the frequency response curves, amplitude and phase, for the Press—Ewing
long-period broadband seismometers which record on magnetic tape at BRK,

The ordinate of the first curve is the voltage at the output terminals
of the tape system (point A in diagram), per micron of earth displacement
as sensed by 30-second seismometers; versus frequency of earth displacement.

All paper records requested will show known positive voltages applied
at point B, in order to scale the paper records at the particular amplifier
settings. The seismometers record motion in the vertical, N45°W, and N45°E,

directions.

Tape Paper
. Pe T Amplifier ——— Record
ystem
Recnrde;d

The phase curve on page 9 shows the phase of the voltage at the tape
system output terminals with respect to ground displacement, as a function
of the frequency of earth displacement.
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RESPONSE OF SEISMOMETER-DEVELOCORDER
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RESPONSE OF SEISMOMETER-DEVELOCORDER
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INnternational

LOCAL EARTHQUAKES IN NORTHERN CALIFORNIA Seismological

PART I. Centre

This section includes information on earthque‘;lkes in Northern Califﬂrni
(including adjacent of fshore areas) and in the adjoining section of Nevad, a
which were well enough recorded at the U.C. station (sometimes comp]_emEnted
by data from neighboring stations) to permit determination of the epicentey
Latitude and longitude of each epicenter and the corresponding date o Dri'
gin time are tabulated in the following list; epicenters are also Plocin n..
one or both of the two maps immediately following the list. H

For the entire Northern California region, every effort is made to ligt
all earthquakes of Richter magnitude 3.0 or above, but it is likely that gq
shocks near the lower end of this range have been omitted because the availmz
seismographic data were inadequate for determination of the origin, WithinlEl 7
region covered by the map of the central Coast ranges of California, locat bih“d
shocks of magnitude 2.5 or over are included in the tabulation and I;lotteda 1
this map. Shocks of magnitude 3.0 or over occurring in this smaller regig 3
are plotted on both maps. Shocks of magnitude less than 3.0 in Nnrthertgl C:li
fornia, and less than 2.5 in the central Coast Ranges, are tabulated only if 1
reported felt or if of special interest for some other reason Ident"fiyd
plosions are tabulated but are not plotted on the maps. ‘ e

Califgiigquﬁsbzccugmg ‘0 the Bear Valley-Stone Canyon area of Central
R theszna € subject of an intensive study known as the Near Field |
nia network were su IEHS the permanent stations of the University of Califor- -
ik e Ppiémented by a number of close Stations. For the purpose
*f the resulting, more accurate, locations have been used.

The re :

the Eureka—-gzistzzgz i e a= plchgeravihavelbeen ugkd for earthquakes 1in 1
work established in AE EE?ES?A* thls array is the Humboldt Bay Seismic Net-

mined through the Humbgld + Nine hypocenters (but not magnitudes) deter-
0ldt Bay project have been used in the present report.

EXPLANATION OF THE TABLE:

Map No. for each
b maps Epé;iﬂ;ii COrresponds to the number pJ
. €IS without nump o Otted beside that



1)

W

International
Seismological

map. The underlining of a map number in the table indicates that one point @n€
a map has been used to represent more than one earthquake in the table.

Date and Origin Time are given in Greenwich Civil Time (GCT). To obtain
local time, subtract 8 hours for Pacific Standard Time (PST) and 7 hours for

Pacific Daylight Time (PDT).

In selecting input for the computer, we sought the best possible distri-
bution of stations, both in azimuth and in distance. Where possible, both P
and S phases were used. However, the number of P arrivals greatly outnumbered
the S arrivals. Geographic coordinates are quoted to tenths of a minute for
computer located epicenters. Uncertainties of up to five minutes exist in
determinations where the depth has been restricted, or where the epicenters
l1ie outside the network. Those epicenters located by the arc method have their
coordinates expressed to tenths of a degree. This is the accuracy to which the

arc method allows.

The Magnitude of the earthquake is determined on the Richter scale from
the maximum trace amplitudes recorded for the shock by standard Wood-Anderson
torsion seismographs. The magnitudes of earthquakes for which no Wood-Anderson
records are available are determined from Benioff seismograph trace amplitudes,

and are listed in parentheses.

The focal depth h is given to the nearest kilometer or by the following
ranges: a) 0-5; b) 5.1-10; c¢) 10.1-15; d) 15.1-50 km. A letter R following
the estimated depth indicates that the depth has been restricted to the value
given.

No. of Stas. is the number of stations used by the computer program or the
arc method. An asterisk after a number indicates location by the arc method.
Two asterisks after a number indicate the location resulting from the Near
Field Project. Three asterisks after a number indicate the location as deter-
mined by the Humboldt Bay Seismic Network. Four asterisks after a number in-
dicate the location resulting from the Earthquake Data Report, U.S. Geological

survey.

Under Remarks will be found a short descriptive location of the epicenter.

ACKNOWLEDGMENTS :

We should like to thank the following institutions for their assistance
in supply readings for the epicenter locations: Seismological Laboratory,
California Institute of Technology; Seismological Laboratory, University of
Nevada:; Seismological Laboratory, Oregon State University; National Center for
Earthquake Research, United States Geological Survey; Pacific Gas and Electric
Company; and California Department of Water Resources.



Map Date
1975

NO.

S

w o

~ O in B

oo

10
11
12
13
14
15
16
L7

18
19

20

21
22
23
24
25

26

Jan
Jan
Jan

Jan

Jan
Jan
Jan

Jan

Jan
Jan
Jan
Feb
Feb
Feb
Feb
Feb
Feb
Feb

Feb
Feb

Feb

Feb
Feb
Feb
Mar
Mar

Mar

Mar

01
05
05
06

12
19
23
28

29
30
30
06
07
12
13
15
16
17

20
20

23

25
27
28
02
02
03

09

ALLFORNIA
NORTHERN C
EARTHQUAKES =
i Magnie, B RO o
tuae
Time Latitude Longi tude Las
Origin o West .
(C.C.Te) o Nox el 3.5 a(R) 2
07 15 29.2 40.6 ik 3.7 a(R) 6F
01 48 39.3 40.3° 125. Lk
; 195.0° 3.5 a(R)
02 22 18.7 40.3 ; e a1 12
11 17 12.8  35° 57.4' 120 AL
: \ : . el
01 37 08.2 40° 19.7' 124° 24.7 e E
o !
14 28 51.3 36° 17.6' 118° 20.5" 4.2 2(R)
1816 10.4~ 36> 53.8% 121282835128 8 10
13 53 16.4  40° 24.9' 125° 26.8' 4.8 10(R) 25%%*=*
17 59 19.6° 365 509" 121 R3¢SR .G 6
07 22 51.7 37° 28.9' 118% 43%8' (3.0) 2(R). 5
08 07 05.3 35° 52.0' 119° 53.6' 3.3 6 6
23 24 38.4 0 36° 501V 1212 3587 tE0 7 7
04 42 47.9  36% 54,1V 1915 90 918 iq Qi 1]
12 03 17.0  36° 00.4' 120° 03.6' 3.4 5(R)
07 47 11.1 41% 24,0' 1238895 BINNaAes 1 A
16 02 54.8  36° 48.6' 121° 33.7' 2.9 2(R) 7
21 '45°02.65 418195 100G U i 5(R) 5
04 5? 49.2 37“ 1 o
23.5° 121° 89,3' 3.1 qq 14
03 58 10.8 37° 20.3' 1770 195
05 15 03.0  36° 36.0" 7197° | :
1 12.8" (2‘5) 7 7%k
17 24 16.8  36° 34 3¢
. 1278 J
11l 13 23.4 37° 09.6" 117° 489" o
22 .22 55.4  36° 13,73t 215839 "0 a i ;
15 56 12.1  37° 00.2' 1990 o 2' 6 10
05122, 1068 372 D65 L wapnl e t 3'5 LoE
110 300 a1 - : : ' 2
4 N40% 13 o) e 5,0m O
11 34 55.8  36° 55 g1 121° 25 7. 10(R) 5
3 4.2 8 7
03 58 19.7 39° 36.8" 118°
W Baay

W

International
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Centre

Remarks

Cape Mendocing

Cape Mendocing
Cape Mendocing

S5 of Coalinga; feyy
in San Miguel, Pagy
Robles, San Luis gpy,

Morro Bay, Santa Mari:

SW of FHC
S of Lone Pine
NW of Hollister

Cape Mendocino; felt.
Humboldt State Univy.:

W of Hollister
NE of Bishop
SW of Tulare
W of Hollister
NW of Hollister

E of Coalinga
NE of FHC

SW of Hollister
SE of Alturas

E of Berkeley; felE%
Lafayette, Walnut "ui
Danville, San Ramomn.!

W of MHC

Stone Canyon, Bear
Valley

Stone Canyon, Bear
Valley

SE of Bishop
SE of Monterey
SE of Gilroy
N of Hollister
Cape Mendocino

NE of Hollister-éii-
ened people in Hol=~
Long duration.

NE of Fallon, NeVe

Ry — = el e R L I ]



ﬁkap Date
LFD. 19?5

27

128
1.2

229

52

%43

535
€46
LY
M7
&8
7
049
060
)1

Mar
Mar

Mar

Mar
Mar

Mar

Mar

Mar

May
May
May
May
May
May
May
May
May

11
13
15

19
20
21
25
26

30
06
10
12
12
13
13
5
15
18

19
26
01
01
05
05
05
07
07
07
11
14
19
22
23

Origin Time Latitude

14
00
20

20
15
10
17
20

03
06
12

17
20
13
15
16
23
01

12
03
12
14
01
01
06
02
09
112
04
2
05
13
05

22

04
49

59
06
06
24
13

57
05
24
42
20
06
49
50
09
41

15
26
03
54
30
55
29
35
35
15
54
52
20
00
16

(G.C.T)
39.
1
43.

5975
355
54.
39.
L1,

31,
27
36.
28.
49,
165
50.
30.
10.
32.

58.
03.
40.
24,
13.
40.
54.
30.
43.
08.
26.
03.
13.
2ifis

09.

)

O O ~N B~ O

o O B~ H OO H WU oo

North
365 L0571
36° 47.5"
36755581

39° 09.
39° 23.6"
J6RE53"
40.7°

36° 38.9'

36% 15588
G120 155
372 .07 578
365 57022
365 57
368 45,6
40.9°

37200758
41° 01.6'
375 95554

38° 49.7'
39°" 1559"
357 58.3"
40.9°

38° 36.0
38°
38°
40°
38°
70
36°
36°
72
3620027
36+

17

Longitude
West

120°
1212
121°

1228
123
1248

46,2
32.8"
29.6'

34.6'
15.8"
28.9"

125452

1212

120°
1218
1218
12115
121
102110

16.4"'

50.9'
3053
23 bpo ik
37561
37.6"
28.4"

125.4°

1:21:%
124°
122°

122°
119°
120°

32714
17.6"
2002

40.2'
45.6"
31.4"

125v5°

119°
119°
119°
124°
119°
122°
1206
122
120°
120°
123

{3
43,2
44,1"
41.2°
43.1'
20.9'
34.4"
41.6'
573
49.2°
18:0'

Magni-

tude
21
2.4
3.6

3.5
3.0
2.8
S5¢2
3.0

Sl
3.6
2.7
2e9
3.0
256
352
2.7
3.4
3

3.4
3.4
3.1
3.4
3.4
32
357
4,2
3.6
2.8
2a9
3.0
3.l
3.0
2D

2(R)

a(R)

32

2(R)

11
a(R)
1(R)
2(R)
2(R)

10(R)

2(R)

D O N Ut~

No. of
Stas.

10

13

4%
7 %%

10

10

5%
10
14%%%

W 0©Co
%

W O ~N N N U oyl i

7 %%

N

Remarks

W of LLA
SW of Hollister

NE of Hollister; felt
in Hollister.

E of Clear Lake
NE of Willits
NW of Hollister
Cape Mendocino

Stone Canyon, Bear
Valley

E of King City

NE of Burney

N of Hollister

NW of Hollister
NW of Hollister
SW of Hollister
Cape Mendocino

N of Hollister

Cape Mendocino

NW of BRK; felt in
Berkeley, Albany.

S of Clear Lake

S of Reno, Nev.

S of Coalinga

Cape Mendocino

SE of Markleeville
SE of Markleeville
SE of Markleeville
Cape Mendocino

SE of Markleeville
W of GCC

SE of Gilroy

NW of Hollister
SW of Merced

E of King City

Stone Canyon, Bear
Valley



6/

’cn’urr:-.
o o oo

1S |2

Jun

Jun
Jun

Jun

Jun

17

17
18
19

20
20

22
24
27
28
28
29

: ude
e e i
06 15 48.6 37° 113"
14 20 35.7 36° 53.8'
09 55 40.3 37° 53.3'
TG ol 4453 395 33.0°
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PART II. REGISTRATION OF EARTHQUAKES

This section tabulates measured arrival times of prominent phases
of earthquakes and large explosions recorded at selected stations of
the seismographic network operated by the University of California
(Berkeley). These stations are BKS (or BRK if the BKS reading is not
clear), SAO, JAS, MHC, WDC, PRI, MIN, FRI, FHC. Information regarding
these stations and instrumentation will be found in the introductory
section of this Bulletin. Earthquakes in the Northern California,

Nevada, and Oregon region are included in the following tabulation only
if of magnitude 4.0 or over, or if of special interest.

Phase arrival times are G.C.T.

In the column after the P or P' phase arrival time, "C" or 'D"
indicates initial compression or dilatation of the ground, respectively,
from a wave of the compressional type.

S arrival times and arrival times of later phases are given in
minutes and seconds after the hour of the P or P' arrival time. When
a later phase is recorded at a station, but no P or P' phase, the time
in hours and minutes of the first P or P' arrival at the other stations
of the network is printed in the P or P' column.

The maximum amplitudes of earth displacement in microns (mu) and
periods in seconds (sec) in the indicated phases are given for the
Berkeley station, BKS, under the BKS phase arrival times. Total hori-
zontal amplitudes combined from N and E components are designated by
"H" (e.g., PH, PPH). Unless otherwise specified, magnitudes given for
earthquakes outside the Northern California, Nevada, and Oregon region
correspond to the magnitude based on surface waves (Ms)- The published
value is obtained by combining the value of Mg determined from the am-
plitude of surface waves of period near 20 seconds with magnitudes de-
termined from body waves according to the formula:

my = Q + ogyg (A/T),
where A = 1/2 peak-to-peak ground amplitude in microns,

T = period in seconds

Q is the empirically determined function of distance and depth
given by Gutenberg and Richter (''magnitude and Energy of
Earthquakes,' Annali di Geofisica, 9:1-15, 1956).

The arithmetic average of the available values of my for long-period
and short-period records of body waves is converted to an equivalent

value Mg by

MS - 1.59 m‘b — 3-97.



£ e

This value is then compared with the value of Mg determineg fron
surface waves. Some events, particularly deep earthquakes and large
explosions, give clear body waves, but only weakly developed SUTfac,
waves. In these cases, the directly determined body-wave magnityde
is given, designated MAG (mp).

Distances are given in degrees from the Berkeley Station, BRK .,
USGS origins are listed as a gulde at the end of arrival times of the
earthquakes, USGS magnitude is my .

All measurements and interpretation of selsmograms (i.e., ldenti-~ -
fication of phases, arrival times, directions of initial ground motion,r
and ground amplitudes and periods) are done at Berkeley. Readings frogc
the remaining stations in the network other than the nine listed are

available on request. Requests for additional data Or for copies of
selsmograms should be addressed to the Director.
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