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HISTORY OF THE UNIVERSITY OF CALTFORNTA STATIONS

and Berkel
geveral items of interest in the history of earthquak : €y present
€ sclence

which is that according to the availaple records they were the fi
e e rst

geismographic stations set up in Americs

tioned continuously from their founding

Furthermore, they have func-

to the present day, with improve-

ments in instrumental equipment from time tq time as the devel t of
opment o

the science and opportunity have permitted.
Several outstanding figures in the selsmology of the 1880's were
impressed with the importance of these stations, and Ewing, Milne, and
3 b

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 Socilety of
America, Vol. 32, No. 3, pp. 205-229, 1942. 1In 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

1976, In 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 Nati
and the California State

onal Science Foundation,

the California Department of Water Resources
A telemetry networ
film and selected stations on mag-

hs with broad-band

' ] tati
Division of Mines and Geology-. k of fifteen statlons

in Central California, recording on

perated together with selsmograp

Detic tape, is now o
and Whiskeytown. Copiles of

frequency response at Berkeley, Jamestown,

at the Berkeley laboratory are available, to-

records from instruments

on request tO the Director.

gether with response characteristics,
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THE BYERLY SEISMOGRAPHIC STATION (BKS)

Equipment of a WWSS station began operating in a peyl

Y constryct
tunnel east of the main campus on Junpe 8, 1962. "

The closest buildings
ut 0.8 km away, 7h

Claremont Formation,
age, this formation consists of thin layers of

with shale.

part of the Lawrence Berkeley Laboratory, are abo

e
tunnel was cut into the upper part of the

Of Miocepe
cherty material alternating

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.

Geology

The portal of the adit is in an old quarry which exposes near-vertical,
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 Dby numbers of

d
minor faults, and is about one mile from the active trace of the Haywar

fault.

LP Recorder SP Recorder

: —— =l
Jj !' =l IL E ‘[ Console
e —
B&Wr Cable in Conduit I

Cable In Condutl

Galvos
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Present Auspices and
Date Established

60

July 1, 1977 to December 31

Elev Foundation

Meters Material Symbol

60 Sandstone ARC

(loose)

610 Siltstone FHC
over
graywacke

300 Pre-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
91 Grano- PCE
diorite
(weathered)

1282 Franciscan MHC
formation
(greenstone)

1122 Granite GCC
119 Alluvium FRI
overlying
granite
350 Granite SAO
475 Alluvium LLA
overlylng
sandstone
363 Grano- PRS
diorite

1187 Greenstone PRI
basic
metamorphic

226 Undivided  WKC
cretaceous

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
Santa Cruz, 1965

Bureau of Reclamation
March 9, 1971

University of Calif.
1966

Charles McCullough Ranch
1961

Paraiso Hot Springs

1961

Federal Aviation Agency
1961

Gas & Electric Co.
1976

Pacific
October
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Direction of motion: In the "Component" column, each horizonta] compo
selsmograph is designated by the direction of ground motion corresmndzent
upward trace motion on the seismogram when it is oriented so ¢t 8 to

from left to right. On all vertical component (Z) instruments, upwarq tr 28
motion corresponds to upward ground motion. ace

Relative magnification curves of instruments recording photographically apg
through the telemeter system are listed on pages 66 and 67. Absolute magni-

fication may be obtained by use of calibration pulses recorded daily frog
each station.

A network of broadband seismographs is now operated by the University of Caji-
fornia at seismographic stations at Berkeley (BKS), Jamestown (JAS), San Andreas
Geophysical Observatory (SAO), and Whiskeytown (WDC). The instrumentation at
Whiskeytown was installed in January 1973 and at Jamestown in November 1973.
The Jamestown and Whiskeytown seismographs are closely matched and consist of a
single vertical seismometer, a Sprengnether S-5100, operating with a free period
of 40 seconds and a damping ratio of 0.70. Signals from these seismometers are
telemetered to Berkeley via FM telemetry components and leased telephone lines
where they are recorded on analog magnetic tape recorders. Low— (* 2mm) and
high- (+ 0.0lmm) gain displacement signals from JAS and WDC and a short period
high-gain channel from WDC are recorded along with BKS and SAO strain on the
0.03 ips tape recorder. Velocity signals from JAS (one level) and WDC (two
levels) are recorded at Berkeley on the 0.06 ips tape recorder. The seismometers
at JAS and WDC are operated in sealed pressure vessels identical to those used
with high-gain long-period (HGLP) instruments. At Berkeley, broadb?nd:hwnmu—
mentation has been gradually developed, starting with the installatlan:h1Jum€_
1964 of Press-Ewing seismometers operating at a free period of 30 seconds. Re
cently, a 3-component set of special ultra-long period seismometers has beex;her
ijustalled in the Byerly Seismographic Vault. The seismometerS are€ Sprengzinter_
S-5100 operated at a free period of 100 seconds and utilize electronéc EeahH}
ing feedback for long term stability and temperature/barometric feed acihglﬂce‘
for the vertical component. Low- (+ 2.0mm) and high- (% 0c0z ) gainl bﬂgatory
ment signals from each of the three components are telemetered to the eit sig-
and recorded on 0.03 ips, 0-10 Hz, magnetic tape. High-gain displazeze o
nals from BRK, JAS, and WDC are high-pass filtered at 500 sec mhriguraphiﬂ baper
signals. The Berkeley ultra-long period system also gen?rates psgucgriﬂﬂﬂ”ﬂEd
records equivalent to a 100 second pendulum with a velocity tran

by a 300 second galvanometer.

WWSSN-
At SAO, the central vault is instrumented with Sprengnether 5;2202L;ﬁ?_
type) 3-component long period (30 sec) selsmometers with di?piaigmmm cul1-scale
ducers recording 0-10 Hz on 0.06 ips magnetic tape at SAO w1g Wi soc) el
displacement; Sprengnether S-7000 3-component short period ( e ceparated
mometers recording on SAO magnetic tape (0-20 Hz) at two gaig = telemeteﬁﬁj
by a factor of 100; and a single vertical compnnentl5-7000 i AT SAO-
to Berkeley and recorded on Develocorders ('William channei)é e st qisplaceme t
East vault, two S-5000 horizontal instruments at 15 sec Perhﬂ10 L full"scaua
t ransducers are recorded on SAO magnetic tape (0-10 Hz) wit R e fault zone
sensitivity. The south vault, a tunnel 300 m SW of the Sﬁnf El—scale s
houses a quartz—tube strainmeter 19 m long, operating wi; : :t 8 Siiey:
ity of 2 x 10-7 and recorded on 0.03 ips FM tape (0-10 Bz 6 od
es b
Response curves for these broadband instruments are shown O pag
68.
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MAGNIFICATION
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ID!: 1=
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1) JUAS BENIOFF |00KG .0—-075 SEC.
2) BKS BENIOFF |00KG L0—-075 SEC.

3) AHC,EKS,MHC,&MIN WOOD—ANDERSON
4) BKS SPRENGNETHER I5—100 SEC.

5) BKS SPRENGNETHER ULP 100-300 SEC
6) BRK I00X TORSION

7) BRK 4X TORSION

Response curves for
BKS Benioff and Sprengnether

WWSSN

system.

100 1000

PERIOD (sec)

hs. The
{cally recording selsmograp
phﬂtﬂgraphlS-ng gecond instruments are the



MAGNIFICATION

O
~J L

LM

107
!
2
10% =
3
Iofl L
5
4| 6 _
0 .
103 |— )
) MNV SPRENGNETHER SP FILTER (DEV)
2) SAO SPRENGNETHER SP HG (DEV)
3) WDC SPRENGNETHER SP FILTER (DEV) s
4) ORV BENIOFF I0OKG (DEV) ? 9
5) WDC SPRENGNETHER SP FILTER (HEL)
0°— &) BRK BENIOFF IOOKG |0—02 SEC (DEV)
7) MIN TELEDYNE S—I3 (HEL) 2
8) FHC,FRI, GCC, JAS,LLA,MHC,PCC,PRI. 8 PRS
BENIOFF 14KG 1.0-0.2 SEC (DEV)
9) BRK PRESS—-EWING I15—30 SEC (HEL)
|G| I | | =
00
0 0Ol 0. | | 10 |

PERIOD (sec)

» (DEV)
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Response curves for Helicorder (HEL) and Develocorde
channels when viewed at 20X enlargement. The Benioff I&Kg
(8) represents several different stations and is normall

10,000 magnification at 1 second period. (See station instrt”

mentation for actual magnification at 1 second period) .
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PART I. LOCAL EARTHQUAKES IN NORTHERN CALIFORNIA

tion on earthquakes 1n Northern Californij
e SE;tiﬂznin;%;:§2r2n23:::) and in the adjoining section of Nevada
Syl iicenaugh recorded at the U.C. stations (sometimes complemented
whigh WE;iazeneighbaring stations) to permit determination of the epicenter.
:ytiiﬁje and longitude of each epicenter and the corresponding date and ori-
in.tim& are tabulated in the following list; epicenter§ are also plotted onp
Eﬁe or both of the two maps immediately following the list,

f— o — o — p}ﬂ—ﬂ;'ﬂ"-‘-‘

For the entire Northern California region, every e?fort i§ made to list
all earthquakes of Richter magnitude 3.0 or above, but it 1is likely that some
shocks near the lower end of this range have been omitted because thE.avail—
able seismographic data were inadequate for determination of the origin. Off
the coast of Northern California, west of 125° W, only earthquakes of magnitude
3.5 or larger are listed and west of 126° W, only earthquakes of magnitude 4.0
or larger are listed. Within the region covered by the map of the central
coast ranges of California, locatable shocks of magnitude 2.5 or over are in-
cluded in the tabulation and plotted on this map. Shocks of magnitude 3.0 or
over occurring in this smaller region are plotted on both maps. Shocks of
magnitude less than 3.0 in Northern Califormia, and less than 2.5 in the
central coast ranges, are tabulated only 1f reported felt or if of special
interest for some other reason. Identified explosions are tabulated, but are
not plotted on the maps.

Four procedures are followed to determine the epicenters of earthquakes
in the present Bulletin: estimation 1) individually, 2) by swinging arcs,
3) by groups, and 4) in special studies.

The method of solution used is specified for each earthquake listed in

the Table on pages 76-80. A description of the methods is given in the next
section.

1. Most of the epicenters within Northern and Central California werg

located individually, using a computer program LOCAL by Bolt and Turcotte.

The two layers over a halfspace velocity model which has been adopted as
standard for the program is

P S Thickness
(km/sec) (km/sec) (km)
Layer 1 5.6 Se3 12
Layer 2 6.7 3.9 18
Halfspace 8.0 AT o

In order to allow for greater crustal

Sierra Nevada region is modified by 1in
18 km and 27 km, respectively,

thickness, the standard model for the
creasing the layer thicknesses to

Local Earthquakes Within the Berkeley Seismographic

» Computers in the Mineral Industries;

» €d,), Stanford Universit
y Publicati I Sct=
» No. 2, pp. 561-576, 1964, C ons, Geologica
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. A )

9, When uniform azimuthal station
1ocatiﬂn5 were determined by the e
cimes of S phases from the larger earthq
closest stations, averaged S minus P tr
Bftershncks were used in locating

COVEerage was lacking, the epicentral

ofkswinging drcs. When the onset
uaxes could not be read at the

avel-time observati
ations for
thE'. EﬂrthquakEE d Small

3. Group Location Method: A maj |
b o T T locat;zrisyauzrzﬁi Ezzﬁhguakes in the central
waﬂiprﬂvisianally divided into seven regions. Reginnsﬂ sacass Eancs
shown on tt;e map GE p?ge 71; region f is from 38°15'N to §9°;hrﬂu§h e are
;s from 39°N to 39"45'N. The group location method uses the.;aa“ region g
velocity model for all seven regions. For a group of earth uakrt:: ﬂ‘;iﬁ%ﬁe
~ach region, the group location procedure simultaneously lngates fﬁe hlnn_
centers and estimates station adjustments. A bried description of theyprn
called GHYP2, is given in Appendix A of Volume 47, No. 1, of this Bullezin%ram’

onset times of P and S waves for 10 well-distributed events within the
central coast ranges (9 earthquakes and 1 quarry blast) which were well-
recorded by the 9 coastal stations in the Berkeley network (BKS, BRK, GCC,
1LA, MHC, PCC, PRI, PRS, and SAO) were used to construct an average velocity
model for the central coast ranges. The 10 calibration events were accurately
located using stations primarily within 30 km of the epicenters and the
adopted solutions are:

Origin
Time Latitude Longitude Depth
No. Region Date (UIC) (N) (W) (km) Location
1 E 19 Aug 74 12471901,  36°30.5" 120°41.7' 9.3 Ciervo Hills
2 e a0 3625507 121°28.9" 5.8 Hollister
3 E 03 Aug 75 063517.7 36°27.1' 120°22.9' 7.2 Coalinga
4 E AN Tant 760 214400.10 36°05.2° 120°16.6" 8.6 Kettleman Hills
3 A 20 Aug 76  220552.0 37°47.9' 121°58.1' 4.8 Danville
6 B 08 Jan 77 093807.5 37°54.3 122°11.0' 9.5 Briones Hills
7 A 04 Jun 77 205707.7 38°08.6° 121°54.5"' 17.5 Delta
& D 15 Jul 77 000630.2  36°45.1° 121°35.7' O  Natividad Quarry
2 C 14 Aug 77 142534.9 37°43.9" 121°55.6' 6.7 Dublin
10 C 11 May 78 121812.0 37999 .9 121°45.5" 2.2  Mt. Hamilton

TH e
The event numbers and regions correspond to the map on page

mes from the above events to the g coastal |
on for a model with a surface layer with

h constant velocity. (The velocity
4 bz.) The surface layer is 25 km
locities (in km/sec) was

The resulting travel ti
Stations yielded the following SDIUt%
variable velocity over a halfspace Wit
in the layer varied with depth 2z 3% VG S
thick and the solution for the P gndieguay e
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(5.28 + .018) + (0.075 + .015)

; (2.98 + .019) + (0.043 + .0042) ¢

B
B

and

. the corresponding halfspace velocities are
a

(7.70

I+

o .080)

2

(4.36

I+

B 20}

2

geventy—-three observed times for P and 23 for S were used in the least-

squares estimation procedure and the standard error of a single observation

The station adjustments (in seconds) for each of the 7 regions (a through
¢) into which the central and northern coast ranges were provisionally divided

are.

Region

A B G D E F G
" P./S P/S B/'S P/S P/S P/S P/S
BKS 0/.4 0/-.2 O/ =257 53 1/- 2/.2  =.3/-
GCC -.1/- -.1/- -.1/.1 = 59 = 8] Y= -/~ -/~
LLA —/= -/~ b -.3/-.2 0/.3 -/ -/-
= =/l

MHC 0/0 252 0/- 0/.1 .2/ - A
= .2 -=.3/-

PCC 0/-.6 0/0 —R25 /= — (7 1Y 0/
PRI =/ = == .6/..55 0/.1 -/ - -/ =
/= =

PRS )= ool o mes =12 -.3/- /
- -4/ - =/i=
SA0 -.1/- = .05/~ s 2 / )

_/_ __/_ _/_ —/-— A3
WDC e A o Jv

WKC /= /= —/- =

th
done to locate their hypucenters.d When
B“nﬁtin, the source 1s referenced.




n A

Map No. for each epicenter corresponds to the number plotted besid&‘*mt
epicenter on the maps. Epicenters without numbers lie outside the araafﬁfthe
mzp The underlining of a map number in the table indicates that ope

Point g
a map has been used to represent more than one earthquake in the tabje n

Explanation of the Table:

g lversal Coordinated Time (UTQ)
Date and Origin Time are given in Un :
obtain local time, subtract 8 hours for Pacific Standard Time (PST) and 2

hours for Pacific Daylight Time (PDT).

To

In selecting input for the computer, we sought the best possible dig-
tribution of stations, both in azimuth and distance. Where possible, both
P and S phases were used. However, the number of P arrivals greatly out-
numbered the S arrivals. Geographic coordinates are quoted to tenths of a
minute for computer located epicenters. Uncertainties of up to five minuteg
exist in determinations where the depth has been restricted, or where the epi-
centers lie 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 frop
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 selsmograph trace amplitudes,
and are listed in parentheses.

Depth of focus (h) for each earthquake is given to the nearest kilometer.
If the depth has been restrained, it is indicated by "(R)".

Solution indicates the number of stations and the method used in deter-

mining the epicenter. The lower case letter indicates the method of solution
as follows:

Letter Method

group - delta region

o M

group - Berkeley

c group - Mt. Hamilton

d group — Hollister

= group - Llanada

£ group - Santa Rosa

5 group - Ukiah

m individual - modified model for Sierra Nevada regilon
r arc

Under Remarks w

111 be found a sh the e icenterl
and felt information ort descriptive location of P
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Recent Rate of Seismicity
.-—-"'—___———-.— .

The data set consists
_ th? U.C. Bulletin of the
T€glon in northern and central

50 1967 “t0 December 31, 1976.

of 895 earthquakes (3.0 < My < 5.9) IS ved 1
ceismographic Stations, in a 180,000 ky2
california during the decade of January 1

the reglon is bounded on the north and S o
fhejsontheast by Lhe dafhEd line on the map nz Pazec?éifzzniﬁ s ateile,
by;;line connecting 35°N-121°W and 29"N—125“w, o= ﬂn,the i e s;uthweit
longltude. est by 125°W

The earthquakes are grouped into 20 consecu
tive 6-month int
analysis and the average cumulative number of earthquakes (N)l?tEE:?ls tox

with a magnitude > M) in a 6-month interval is given by AUGREL

log (N) = 4.412 - 0.912 My

valid for 3.0 < My < 5.9. The shaded zone depicts the 95 per cent confidence

interval for .lEg(N)T Hence, the approximate interoccurrence time for earth-
quakes > My in the 180,000 km? area is

HL > Interoccurrence Time

S

4 days
11 days
month
months
months

years

o U o &~ B~ W W
b N 0 W -

years

The solid circles give the cumulative number of earthquakes (63 earth- |
quakes, 3.0 < My < 4.8) in the 6-month jnterval covered by the present Bulletin.

There is thus no indication that the rate of seismicity for July 1977 to
December 1977 is significantly different from the average rate of seismicity

OVer the past decade.

E"EI{ntTﬁifl'F-'At:l‘lg.g\arrlnlan ts

titutions for thelr assistance
We should like to thank the following ins e e

:hISUPplyiﬂg readings for the epicenter Locat St tor University of
(hlifurnia Institute of Technology. i 22 logical

NEvada; National Center for Earthquake
i‘-"-‘“ey; Pacific Gas and Electric Companys;
cSources; Oregon State University; and WooO

Geo
Research, United States
california Department of Water

dward-Clyde Consultants.
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19

11

12

Jul

Jul

Jul

Jul

Jul

Jul

Jul

Jul

12

14

14

1S

16

18

18

19

Origin Time

19

20

21

22

14
08
08
14
0l

05

1S

11

11

11

12

21

21

23

03
21

11

21

(UTC)

46 53.
21 24.

52 03.

S 45

20 54.
253 7.
31 40.
9l O1.
43 28.

157 L%

22 SS.

38 0S.

45 14.

S 59

22 515

49 23.

51 33.

S0 32.

48 43.

18 54.
42 16.

10 46.

S 1L

1

4

S

thh N W W N

N

16

EARTHQUAKES 1IN NORTHERN CALIFORNIA

Latitude

North

37°22,

37°21.

40.4°

40.4°

36°08
36°353
36°33

40° 16

40° 16.

40° 16.

36°34.

36°34.

36°34.

40°22.

40°23

40°26

37°57.

41°17.

36°2S.
35°S5S.

36°53.

37°20

g’t

31

e
e
S
36°S1.
.6’

61

5!

81‘

e'l

@1

4°

4°

5

29!

91

g‘l

51
S‘I

61

Al

Longi tude

West
121°44.5°
121°42 .2
126.9°
126.9°

120°46.8°
121°39.3"
121°29.6"
126°01.9°
123°41.5°

123°39.4°
123°41.4°
12111212522
121°12.2°
121°12.6°
124°59.2°
125°45.2°
125°28.2°

122°03.6°

124°48.3°

120°42.7’
120°30.5°

121°30.1°

122°07 .4’

Hagni.
tude

3.2

3.2

S.0

4.5

2.8
2367
2.8
3.3
4.3

317

S

3.3

250l

2.8

(3.0)

4.7

3.8

3.2

367

2(R)

2(R)

10

20

21

19

24

10 (R)

14

13

Solu-
tion

lle

12¢

Sr

8r

10e
12d
12d
7s
7s

7s

7s

12e

Ile

7e

7s

Os

Ss

Oa

6s

10e
10e

11d

11¢

Remarks

)

® .
International
Seismological

Centre

15 km NE of San Jose.

Felt.

Felt.

Of f the coast 245 km
WSW of Eureka.

Off the coast 245 km
WSW of Eureks.

33 km ESE of King City.

10 km NW of Hollister.
1@ km NW of Hollister.
22 km NW of Fresno.
20 km NE of Garber-

ville,

Felt.

20 km NE of Garber-

ville.

Felt.

20 km NE of Garber-

ville. Felt.

Bear Valley, 37 km SE

of Hollister.

Bear Valley, 37 km SE

of Hollister.

Bear Valley, 37 km SE

of Hollister.

Off the coast 85 km SV

of Eureka.

Off the coast 145 km
FEureka.

WSH of

Off the coast 115 km SH

of Eureka.

Concord, 2

Berkeley.

1 km NE of
Felt in Mar-

tinez and Concord.

off the coast 75 km NW

of Eureka.

45 km NE of King City.

75 km NNE of San Luis

Obispo-
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No.

16

17

D - B Ig |- ®

N

24

20
27

N

oo

&

36 =

)l [T

2 - Solu-
2 . i Longitude Magni :
0 in Time Latitude tude h tion Remarks
?;%; ri%UTC) North West
° °o28.5* 3.8 8 12d 10 km NW of Hoi1:
Jul 3@ 16 35 38.1 36°54.9' 121°28 Felt in Hnlligtéister'
o ’ .9) 13 9s Off the
Aug 91 20 58 34.8 40°23.5° 125°37.7 (3 WSW of E;g:§;‘135-km
055 8" 122*117_9‘ 2.8 3 9b 7 km I‘-JNW of Ber
Avg 02 02 31 43.5 37°55 Felt in Berkalgj;ﬂéﬂg'
Albany. !
Aug @6 10 35 27.9 29°25.4' 121°32.8' 3.1 14 7m 10 km S of Oroville,
Aug 08 04 51 40.9 37°32.0° 117°44.8’ 4.2 23 7m 60 km E of Bishop.
Aug @9 05 19 20.9 37°22.7° 121°43.6° 2.8 9 Ile 17 km ENE of San Jose.
Aug 09 ©08 34 25.2 36°12.3° 120°49.2° 3.3 6 e 28 km E of King City,
Aug 10 @9 25 17.1 40°32.7' 125°00.5° 3.5 23 6s gf‘fEE:}Ek:ﬂﬂgt 80 km SW
Aug 10 20 19 23 .4 37°23.8' 121°43.4° 2.9 llc 18 km ENE of San Jose.
Aug 13 ©2 36 19.0 40°13.2°' 124°15.6° 3.0 > 6s 3$I%m WNW of Garber-
ville.
Aug 14 14 25 34.9 37°43.6° 121986 1% 3.4 7 lle Eqblin, 1S %mlﬂ of
ivermore. Felt in Sa
Ramon, Dublin and :
Pleasanton.
Aug 14 1S 82 S8.1 37°43.3' 121°5§89.1° 2.7 12 lle Eublin, 20 km W of
ivermore. Felt in
Pleasanton.
Auvg 14 1S 03 25.7 37°43.0' 121°57.6° 2.6 7 7c Dublin, 18 km W of
Livermore. Felt in
Pleasanton.
Auvg 15 10 40 12.6 40°33.6' 121°48.6° 3.0 3 Sm 50 km E of Redding. P
Aug 16 14 24 11.2 37°21.8' 121°36.5’ 27 7 llc 26 km E of San Jose. #
Aug 17 @5 20 31.1 35°4S5.5' 120°19.0° 3.1 4 9e Cholame Valley, 90 km
SE of King City.
Auvg 17 22 27 49.1 37°43.7°’ 121°56.5° 2087 o7 lle Dublin, 18 km W of
Livermorese.
Felt in San Jose, Mil-
pitas and Santa Clara.
A o
ug 20 04 59 37.6 39°12.7' 1208°26.5° 3.3 26 Sm 25 tm SW of Truckee.
Avg 25 09 3 o ) o )
8 22.5 36°33.4° 121°11.5' 2.5 6 10e Bear Valley, 37 km SE
o : of Hollister.
“3 21 43 - Qo ' o "
47.5 37°53.9' 121°59.2 246 11 {0a Mt. Diablo, 24 ko E of
A - Berkeley.
ug 93 53 ° ¥ 0 ¥ {
B 9.9 36°51.1' 121°38.3 25 3 124 20 km W of Hollister:
3 99 27 i o . o : -
Aug 31 23 i3 262584 121°17.9 27 S 10d 26 km SSE of Hollister:
39 99.4 9 L o [ .
38°16.8" 122°35.1 2.8 9 8f 21 km SE of Sants Rosa
Sep 02 16 2 BeLtRinisan e
4 35.9 3 . L O ]
- 6°54.4 121°28.5 2.9 11d 9 km NW of Hollister
e @4 12 33 46.5 36°35.9' 121°95.5° S
' 2.7 lle Bear Valley, 40 kn

of Hollister.
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d

42
43

i =

S 12 15 IS

54

Joo [en

Sep
Sep
Sep

Sep

Sep
Sep
Sep

Sep
Sep
Oct

Oct

Oct
Oct
Oct

Oct

13

20
20
22

25

04

04

08
09
19
10
11
13
13
1S

I8
19

24

Oct 26

Oct 2g

Origin Time

13
17
23
8o

11
07

05
07
23

5

06
23
20

17
510
06

11

00
03
19
21
515
06
16
1S

10
11

19

11

(UTC)

26
45
54
28

18

18
30
46

48

46
17
48

28
17
39

26

26
26
35
35
04
10
42

03

46

08

49
00

50.2
28.7
57.9
20.5

39.2
94.3

45.8
16.6
1159

13:7

252
12.35
42.9

06.6
82.7
39. 1

389

00.6
20.6
04.2
41.5

13.8
26.5
27.4
37.6

18.8

08.4

18.4

06.7
S51.8

Latitude
North
35°59:3"
38°09.7°
36°48.9"
38°39.2°

36°54.6°
36°13.3"

38°39.8’
36°59.4°
38°40.2°

36°32.8'

39°44.3°
36°48.6°
38°46.5’

37222.3"
39°49.8°
40°14.6°

37210.9°

40°0S5.2’
BTS2
38°902.0°
37°14.3°
36°48.6’°
3752822
37°28.2°
40°19.6°

36°35.7’

38°19.8’°

36°38.5’

36°52.9’
36°34.2°

/8

Longitude

West

120°34. 4°
122°19.2?
121°36.2°
122°45.2°

121228.7"
120°50.0°

122°45.0°
121°43.3"
122°44.9°

12188812 S

120°42.8°
1215235208
122°44.5°

121°43.7"°
120°37.2°
121°18.7°

121°34.7°

122°57.4°
121°43.3°
118°46.1°
117°50.5"
121°35.8’°
121°01.6’
121°01.7°
124°53.3°

121°214.5°
122°34.1°
121211 7.5

121°29.1°
121°12.4°

Magni -
tude
3.2
3.7
237
3.6

2.6
3.0

3.5
2]
3.8

2.8

3.3
2.8
3.8

2.8
3.0
3.7

2D

W N O

I

19

21

25
19
11

21

11

Solu-
tion
e
12a
12d
10f

12d
10e

of
12d
10f

7e

7m
12d
9f

llc
7m
Sm

11d

7s
18¢
bm
Sm
13d
7s
7s
Ss

Se

101

lle

12d
10e

N

Remarks

57 km SE of King City.
32 km N of Berkeley.
18 km WSW of Hollister.

28 km N of Santa Rosa.
Felt in Healdsburg.

10 km NW of Hollister.

Peach Tree Valley, 27
km E of King City.

28 km N of Santa Rosa.
32 km NW of Hollister.

28 km N of Santa Rosa.
Felt in Healdsburg.

Bear Valley, 40 km SE
of Hollister.

6S km NW of Truckee.
18 km WSW of Hollister

37 km N of Santa Rosa.
Felt.

17 km ENE of San Jose.
70 km NW of Truckee.

Leke Almanor, 45 km NW
of Quincy.

Morgan Hill area, 33 km
SE of San Jose.

70 km SW of Redding.
17 km NE of San Jose.
20 km E of Mono Lake.

59 km ESE of Bishop.
17 km WSW of Hollister.
55 km NW of Merced.

55 km NW of Merced.

Off the coast 80 km SW
of Eureka.

32 km SE of Hollister.

km SE of Santa Rosa.
éth in Petaluma, Santa

Rosa and Sonoma.

Stone Canyon, 26 km SE

of Hollister.

g km NW of Hollister.

Bear Valley, 37 km SE

of Hollister.

e = = E




q

79

o : : itude Magni- :
%:p 11:13;; Ori %Hcg‘ma Lﬁﬁ;::ga L”Egé t tude h tion Remarks
°11.@° 122°10.3' 2.6 7 16a 35S km NNE of
s2 Nov @1 00 04 15.9 38°11.0° | Felt iniGorder; role0t
s3 Nov @1 ©4 06 43.4 37°42.3' 122°31.8° 3.1 § 9  Off the coast 19 gy
53 of San Franciseo. Felt
in San Francisgg.
3 11.8 37°42.3' [122°32.1' 2.5 8 16b  Off the coast {g
53 Nov @l 04 1 of San Franeiscn.km =
54 Nov 03 00 21 11.6 35°52.5’ [121°11.5" 2.8 4 10e 30 km SSW of King City
55 Nov 83 17 @8 42.5 36°25.0" 121°01.4" 3.6 7 16e 60 km SE of Hollister.
S6 Nov 94 ©2 55 31.3 40°20.4° 124°37.5° 3.7 30 bs Off the coast 68 kn SW
of Eureka.
8 Nov 064 IS PS5 48.4 36°34.5' 121°12.8’ 2.9 6 Se Bear Valley, 35 km SE
of Hollister.
8 Nov 64 1§ 12 53.6 36°34.5' 121°12.9° 3.4 6 10e Bear Valley, 35 km SE
of Hollister.
8 Nov 04 1S 13 37 36°34.5' 121°13? 3.4 6 Second event of Double
Shock, Bear Valley.
8 Nov @4 2] 34 11.3 36°34.5’ 121°13.2° 2.7 7 10e Bear Valley, 35 km SE
of Hollister.
57 Nov 18 02 17 (8.7 35°42.0' 121°02.1° 3.8 4 S8e S8 km S of King City.
58 Nov 18 16 36 45.3 36°44.4' 121°01.8° 2.6 10e 37 km SE of Hollister.
59 Nov 19 18 36 49.8 37°23.8' 121°46.7’ 2.5 2 10e 12 km NE of San Jose.
6@ Q ) o] |
60 Nov 22 21 15 53.9 39°24.2 123°16.4° 4.8 I8 72 10 km E of Willits.
Widely felt; damage in
Willits.
60 Nov 23 o o E
60 \ 13 53 54.8 39°24.1' 123°17.8 3.4 12 78 10 km E of Willits.
%4 Felt in Willits.
00 NG‘H‘ 23 e ]
1S 27 15.8 39°24.5 123°17.58? 3.4 16 78 10 km E of Willits.
6 N Felt in Willits.
Alatd oy 23 1S 29 - o d o ¥
1S5.1 39°24.,2 123°17.8 3.3 20 78 10 km E of Willits.
Pl Felt in Willits.
29 ov 16 22 43, o J ) :
e 7 39°24.5 123°18.7 .0 12 7g 10 km E of Willits.
ol v a‘q 3[ 56.8 o ’ o
37°10.5' 121°37.8° 6 11d  Morgan Hill, 30 km SE
o I of San Jose. Felt.
SO 0 15.0 o ’ ’
37°10.9 121°38.3 2.6 6 11d Morgan Hill, 30 km SE
f San Jose.
13 Nov 29 16 42 92 ;
== .4 35°56.4° o 3 g .
i s 56.4' 120°309.9' 3. 10 12¢ 65 km SE of King City:
- .9 35° 9! - A .
B b 56.9' 120°31.9 9 l1le 65 km SE of King City:
¢ b4 02 22 39.7 33“42.8' 122#48 1° '
. 3 14 9f 30 km NNW of Santa -.
63 Dec 07 18 3 Rosa. p
8 19.5 36°50.8° o ) :
SRR 1Y 208 3. 84 San Juan Bantiste, 2 |
er. |
64 Deo 08 18 84 2.9 37°52 . km W of Hollis ! |
0’ 122°15.4° 1 |
22 Dec 09 02 26 55.3 3704 9 : REReREe ck larh Ra |
i ‘ 122°32.9) 2.9 9 10b Off the coast IE km S¥
< Dec 10 23 3¢ ° of San FranciscoO:
GB 3 37 21.5! 1211341'3, 2 6 JOSE'
. 8 7c 18 km E of San




: )

te Origin Time Latitude Longitud £
¥ap 11};77 (UTC) North West i H?ﬁﬁ; Solu-

tion Remarks

Dec 12 ol 11 46.0 37“21.31 ]_211:-41‘41

| 2 3.6 9 Ile 18 km E of San Jose.

R ﬂ Felt in San Jose.

o o (3 04 33 47.6 40°19.5' 121°20.8° 3.2 17 Sm  Chester, 100 km ESE of
| Redding.

| | > ' ° ,

L e (5 11 15 28.9 36°34.9' 121°13.5 4.2 9 9¢ 34 km SE of Hollister.

th Felt in Salinas and

Monterey.
I I o Dec 16 19 41 47.6 35°53.3" 120°33.6° 3.1 8 Se 6S km SE of King City.
.

8 Dec 19 22 07 36.2 41°1S8.5' 124°41.9° 3.5 18 Ss Off the coast 70 km NW
of Eureka.

69 Dec 26 19 37 19.7 40°18.7' 124°40.0° 517 29 6o Off the coast 70 km SW

of Eureka.

79 Dec 28 92 S9 38.2 35°48.9' 120°22.0° 3.4 9 12¢ Cholame Valley, 83 km

SE of King City.

— e — W e | — e gt i
— e — W T o, — et i

6 Dec 29 1409 16.8 36°51.6" 120°61.0° 3.5 10 7s 22 km NW of Fresno.
6 Dec 20 16 15 59.2 36°51.7° 120°00.0° 2.9 1l 7s 22 km NW of Fresno.
Dec 30 ©7 24 32.3 40°39.3' 127°44.5' (4.1) S Os Off the coast 220 km W

of Eureka.

{5 Dec 31 18 29 34.3 36°56.3' 121°27.7° 2.9 4 16d 10 km NW of Hollister.

EXPLOSIONS AT NEVADA TEST SITE

Date Origin Time Latitude Longitude Magni-

1977 (UTC) North West tude
Jul 28 14 97 00.2 S7le 116.1° 3.7
Aug 04 16 40 00.1 S 1" 116.0° 5.0 “STRAKE"
E Aug 16 14 41 00.4 371 116.1° 3.5
Aug 16 1S 49 00.2 37-2° 116.1° 3.9
Aug 19 17 32 080.1 37.0° 116.0° SO | "
Avg 19 17 S5 00.1 371 116.1° 5.7 'SCANTLIN?
| Sep 15 14 36 30.1 37.0° 116.0° 4.4 'EBB TIDE :
Sep 27 14 00 00.2 3725 116.1° 5.0 :COULMiiﬁRS
Oct 26 14 15 00.1 37.0° 116.0° 4.8 "BOBSZ et
Nov 91 {8 96 00. 1 37.2° 116.2° 4.1 ”HY§; sl
; Novy B9 22 00 00.1 37 1° 116.1° 5.6 "z:AMOUNT"
Nov 17 19 30 90.1 37.0° 116.0° it "FARALLONES"
Dec 14 15 30 00.2 371" 116.1° S.7
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REGISTRATION OF EARTHQUAKES

=

PART II.

tion tabulates measured arrival times of prominent phasgeg
This sec

t selected stations of th

o explosions recorded a e

of A ENL zzioiirgperaﬂed by the University of California (Berkeley)_
seismographic Ne-"E = r BRK if the BKS reading is not clear), SA0, Mwv,
These stations ar FRI, and FHC. Information regarding these statiopg

MIN,
JAg.igS;uEEE;aEE; w11l be found in the introductory section of this
an

Bulletin Berkeley source parameters from Part I are repeated for 3al1}
e:rthqual::es in Northern California and adjoining areas.

Phase arrival times are Universal Coordinated Time (UTC). |

In the column identifying the P or PKP phase, '"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 Por PKP arrival time. When
a later phase is recorded at a station, but no P or PKP phase, the time
in hours and minutes of the first P or PKP arrival at the other stations
of the network is printed in the P or PKP column.

The maximum amplitudes of earth displacement in microns and periods
in seconds of the indicated phases are given for the Berkeley station,
BKS, under the BKS phase arrival times. Unless otherwise specified,
magnitudes given for earthquakes outside the Northern California, Nevada,
and Oregon region correspond to the magnitude based on surface waves (Mg).
The published value is obtained from the amplitude of surface waves of
period near 20 seconds, according to the formula:

3

Mg = log (‘—,if-) + 1.66 log A + 3.3

e o L e

where A = ground amplitude in microns (vector resultant of horizontal
components),
T = period in seconds, and
A=

distance to epicenter in degrees.,

i e —

The Richter magnitude for 1o
Mp 1f it dis determined from Wood
it is determined from vertical B

cal and regional earthquakes is designated
~Anderson torsion seismographs and MAG if L
enioff selsmographs.

Distances are given in degrees from the Berkeley station, BRK. USGS

SO
Eaﬁiﬁzuglﬂ(;ﬂmeters are listed as a guide at the end of arrival times of the
S. USGS magnitude, designated by mh, is the body wave magnitude.

» arrival timeg
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