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INTRODUCTION

Each issue of the Bulletin includes determination of epicenters,
origin times, magnitudes, and other information available at the time of
writing, for earthquakes in Northern California and adjoining areas.
Recorded arrival times of seismic waves are tabulated for the above

earthquakes and for teleseisms.

Information items regarding the seismographic stations which comprise

. the Berkeley network are repeated in each issue.
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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 on June 8, 1962. The closest buildingS,

the Lawrence Berkeley Laboratory, are about 0.8 km away. The

part of

cunnel was cut into the upper part of the Claremont Formation. Of Miocene

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 cop-
structed of reinforced concrete with no isolation from floor and walls,

The temperature is stable. A ventilating and dehumidifying system is cop-

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 &
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

minor faults, and is about one mile from the active trace of the Hayward
fault.
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STATIONS IN OPERATION:
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Present Auspices  and
Date Established

January 1, 1977 te June 30, 1977

Elev,
Heter_f_s_

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

Pacific Gas & Electric Co
October 1976
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ion: In the "Component' column, each horizontal cop
pirection of'matl ’ ‘o4 byithe direction of grounfl motion CorrespﬁndingCgmre
seismograph 1S rion on the seismogram when it 1s ﬂrn-.ented SO that 1 rn
upward trace mo on all vertical component (Z) instruments, upwarg fe aggag
u

m left LO right. ERps
Ii;iiﬂﬂ corresponds LO upward ground mot

fication curves of instruments recording ththraphical

meter system are liStEd on pages 11 and ]_2_ AbSDlutE
btained by use of calibration pulses recorded daily f

ly ang

magnj -
rom

Relative magni
through the tele

fication may be O
each station.

broadband seismographs is now operated by the University of i
?;;EE:D;E ziismographic stations at Btf:rkEIEY (BKS), JEMEStDt:m (JAS), San Aitliieas
Geophysical Observatory (SA0), and Whiskeytown (WDC). The Instrumentation ga¢
Whiskeytown was installed in January 1973 and at Jamestown in November 1973,
The Jamestown and Whiskeytown seismographs are closely matr_:hed and consist of a
single vertical seismometer, a Sprengnether 5-5100, operating with a free Period
of 40 seconds and a damping ratio of 0.70. Signals from these seismometerg 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 perioq
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, broadband instru-
mentation has been gradually developed, starting with the installation in June
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 been
installed in the Byerly Seismographic Vault. The seismometers are Sprengnether
5-5100 operated at a free period of 100 seconds and utilize electronic recenter-
ing feedback.fur long term stability and temperature/barometric feedback also
for thl? vertical component. Low- (# 2.0mm) and high- (+ 0.020mm) gain displace-
zsztrzzgr;zii frm; eactrx of the three components are telemetered to the labmrr::ltﬂf}’
L e BRKDHJAéOB’a;Estng_lO Hz,’. magnetic tape. High-gain displacement‘ﬂ%‘
i The’Berkéle are hlgh-—?ass filtered at 500 sec to reduce tJ:dﬂ

y ultra-long period system also generates photographic paper

records equivalent to a 100 second Pendulum with a velocity transducer recorded
by a 300 second galvanometer.

» the central vault is instrumented with Sprengnether S-5000 (WWSSN=

) seismometers with displacement trans~— ",
S magnetic tape at SAO with 10 mm ful}"s'c"El
Prengnether S-7000 3-component short period (0.44 sec) selS”

rdlng‘nn 20 magnetic tape (0-20 Hz) at two gain levels separé

ducers recordin
, g 0-10 H :

ted
ed

, tzg E;E;geg - Develn?orders ('"William' channel). At the SAO-
transducers are record dﬂrlmntal Instruments at 15 sec period with disp
The 2 tE on SAQ magnetic tape (0-.]_0 HZ) with 10 mm full-
tubeustrvaUIt’ a tunnel 300 m SW of the San Andreas faul .
ity of 2 x 10-7 Asnmeteriiloin long, operating with full-scale sensSi
récorded on 0.03 ips FM tape (0-10 Hz) at Berkeley -

scale
t zoné,

Response
cury d
€S for these broadband instruments are shown on pages L8
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MAGNIFICATION

; 0

-]
10 $
1) JAS BENIOFF |100KG .O-075 SEC
2) BKS BENIOFF IOOKG 10-075 SEC.
3) ARC, BKS, MHC & MIN WOOD—ANDERSON
Al 4) BKS SPRENGNETHER I5—100 SEC.

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

BRK 4X TORSION

I00 1000

PERIOD (sec)

hotographically recording seismographs. The
: 15-100 second instruments are the

Response curves for
BKS Benioff and Sprengnether
WWSSN system.



MAGNIFICATION
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00l o l l L
| | 1O
SERIOD (sec)
Response &
cur 1 DE
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1 OCAL EARTHQUAKES IN NORTHERN CALIFORNIA m

Internationa

PART I.
Seismological
Centre
Cali

ludes information on earthquakes in Northerp
f NEVada

. ctiﬂn iHC . 3 .
This se ffshore areas) and in the adjoining sectiop g4

jacent O :
(including ad] h recorded at the U.C. stations (sometimes g

ere well enoug : mple
ghizzt‘: ¢rom neighboring stations) to permit determination of the Epiczented
y longitude of each epicenter and the corresponding date andﬂter.
Orji-

itude and : X .
Li; time are tabulated in the following list; epicenters are glgg Plots
Ene or both of the two maps immediately following the list. ed op

ror the entire Northern California region, every effort ijg made to ;
211 earthquakes of Richter magnitude 3.0 or above, but it is 1ikely £y Ist
shocks near the lower end of this range have been omitted because tha o Some
able seismographic data were inadequate for determination of the origin ail-
the coast of Northern California, west of 125° W, only earthquakes of m; (_Jff
3.5 or larger are listed and west of 126° W, only earthquakes of magnitugnltude
or larger are listed. Within the region covered by the map of the r:entra]e_ 4.0
coast ranges of California, locatable shocks of magnitude 2.5 or over are j
cluded in the tabulation and plotted on this map. Shocks of magnitude 3 Oln..
over occurring in this smaller region are plotted on both maps. Shocks ;f or
magnitude less than 3.0 in Northern California, and less than 2.5 in the
central coast ranges, are tabulated only if 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 21-25 .
section. Pag + A description of the methods 1is given in the next

1. Most - :
located indivizia;}jﬁe epicénters within Northern and Central California were
Y» using a computer program LOCAL by Bolt and Turcotte.’

a half :
Standard for the Program izpace velocity model which has been adopted as

P S Thickness
(km/sec) (km/sec) (km)
Layer 1 5.6 3.3 12
Layer 2 6.7 3.9 18
Halfspace 8.0 4.7

for T
on ig ;23?;1“1-“3'33% thickness, the standard model for the
€C by lNCreasing the layer thicknesses tO

f Lo
cal Earthquakes Within the Berkeley Seismﬂgraphic :
. Turcotte, Computers in the Mineral Industrie™

€nces » €d.), Stanf : [=
ol: 9, No. 2, pp, saﬁ?geunigziﬂty Publications, Geological 5¢%
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2. When uniform azimuthal station coverage was lackin
Jocations were determined by the method of swinging arcs. I%‘:Ien th
rimes of S phases from the larger earthquakes could not be read atEtEZSEt

closest stations, averaged S minus P travel-time observations for 11
.ftershocks were used in locating the earthquakes. i

the epicentral

3. Group Location Method: A majority of the earthquakes in the-
coast ranges of California were located by a group method. The coast ientral
were provisinnally divided into five regions (a through e) shown on thea;ges
{ﬁlpage]ii- The group location method uses the same average velocity mndzi
for all five regions. For a group of earthquakes within each region, the
gnnmrlﬂcatiun procedure simultaneously locates the hypocenters and ;stimates

station adjustments. A brief description of the program, called GHYP2, is
given in Appendix A. ,

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,
LLA, 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 (UTC) (N) (W) (km) Location

36°30.5'  120°41.7' Ciervo Hills
36°55.0' 121°28.7'

1 E
2 D
3 E 36227 1D 029998
4 E 14 Jan 76  214400. 36°05.2' 120°16.6'
> A 20 Aug 76  220552. Szona (gUs 191858 i
6 B
/ A
8 D
9 G

C

19 Aug 74  124719.1
7
7
1
0
08 Jan 77  093807.5 37054 .3" g 122°11:02
7
2
9
0

28 Nov 74  230124.
03 Aug 75 063517.

Hollister

Coalinga

Danville

v o &= oo =~ WUn \0

5,

8

2

6 Kettleman Hills
8

5 Briones Hills
5

38°08.6' 1210545 17 Delta

36245 91" 1211035 3/ Sal Natividad Quarry -

04 Jun 77 205707,
150 IJul 77 000630.
14 Aug 77 142534.
11 May 78 121812

37943.9" 121°55.6"' 6.7 Dublin

= 37°22.9¢ Tiol 5 y5s 225 WMC. Hamilton

The event numbers and regions sorrespond to the map QF page 16.

coastal
The resulting travel times from the above events to the 9

stations yielded the following solution for a model wiFh a 5?;£Zcie12ziin1th
variable velocity over a halfspace with constant vElGClt¥. laver is 25 km
in the layer varied with depth z as VvV = a +bz.) Th? sur‘aci /SZC) e

thick and the solution for the P and 5 wave velocities (in km



-----LI

16

- """'-*«‘-.\a.ﬁ
GA HEAD /ﬂf oVI ’ !
e BODEGA HEA g L PR SIONAL REGIGMS

\ and
| CALIBRATION EVENTS

-LH"*HE
In the '
DanD
,"°?> CENTRAL COAST RANGEs
@
¢ ‘ . 0 J nf
. *Fairfield
L
CALIFORNIA
6 Qe {
) T
San Francisco B ¢
S <
@ S~ {l"
B : ‘\\ /
.G- P Z.. -Hx.
/ A Hayward Sl o N _
.l-'; PCC ' e F = ~ .
J 9 O B .\\ |
0 / Livermore X
Palo Alto 3/ ;\
£ ' N
3> :
G - :
‘ i C %
Sl f-’ San Jose |
) / I O AMHC
-~ /
S h / /o Modesto
\‘% e s v e e velaiiel e @ ~ /
¥ HH ;_.'-.ll
"\E’f:’jnlruy f//
‘ll.-" . r'r’
/ So & OHollister / Onerced
/ Monterey /S 4 o
~ Los B
SAO T os Banos I
s ©® ® - o

....-.' .__;“ \
-i"-' s"f

J “*RH‘RR ii’}
/:’ M“a
a |
%, % S (1WA o/
) A A p
N PRS d
\\\a /
0 o
King Clt}n
CAPE SAN MARTIN /
/ @ 3
i
;l{fh #'Jl:
v T3, &PF“ ,ﬂ?



(5.28 + .018) + (0.075 + .015) 2

= |

and B, (2.98 £ .019) + (0.043 + .0042) 2
and the cqrresponding halfspace velucities are

%ol 4= (7.70 £ .080)
and g

1l

) (4.300t8.20)n

Seventy-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
was 0136 SeC. ..

The station adjustments (in seconds) for each of the 5 regions (see map

on page 16) into which the central coast ranges were provisionally divided
are:

Region
Stat{gn A B C D E

P/S P/S P/S P/S P/S
BKS -.2/=-.2 -.1/0 0/0 - ~
BRK < 0/.4 - = =
GCC = - -.1/- 0/0 -
LLA i o 0 0/= —.1/-
MHC -.3/.3 0/-.2 -.1/0 -. 1/0 ol
PCC SI= 0/-.2 - 5 ¥
S g 3 3 it -.2/-
PRS o = 2 0/_ 0/'
SAQ . " '1/0 .1/0 el /=

ated travel times.
These station adjustments are LO be added to the calcul

est and a special study 1is

4. Some earthquakes are of particular inter e used in the

ions ar
done to locate their hypocenters. When these solut
Bulletin, the source is referenced.
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Table: Internatio
f the 14 : Seismologi
ach epicenter corresponds to the illilmber P]'-ztted beside tiimre
M. for ea 5 Epiﬂenters withﬂut numbers : ziOUtSI e the area 5 t}tl
epicenter oOn thiimirpl 'of a map number in the table 1n cate:_s that one Soiat 8
map. Lhe Eﬂd%{uszd %ﬂ represent more than one earthquake in the table. on
a map has eern

re given 1in Universal Coordinated Time (UTg) .

acific Standard Time (PST) e To

g1 Time a
pate and Origin
sbtain local time, subtract 8 hours for P

hours for Pacific Daylight Time (PDT) .

In selecting input for the computer, we‘sought the best possible dig-
' ¢ stations, both in azimuth and distance. W}}ere Possible, botp
trlbUtimhﬂ es were used. However, the number of P arrivals greatly out-
: :E:rgdptﬁz g arrivals. Geographic coordinates are quoted to tenths of 4
ililnute for computer located epicenters. Uncertainties.af up to five minutes
exist in determinations where the depth has:, been restricted, or where the epi-
centers lie outside the network. Those epicenters located by Fhe drC method
have their coordinates expressed to tenths of a degree. This is the dccuracy

to which the arc method allows.

The Magnitude of the earthquake is determined on the Richter scale fronp
the maximum trace amplitudes recorded for the shock by standard Wood-Anderson
torsion seismographs. The magnitudes of earthquakes for which no Wood-Andersop
records are available are determined from Benioff seismograph 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
a group - delta region
b group - Berkeley
C group - Mt. Hamilton
d group - Hollister
= group - Llanada
m individual - modified model for Sierra Nevada region
r arc
S Individual - standard model
X special study - Briones Hills
g % %

%

1
The Brioneg Hills earth
County, Califnrnia,"

Soc, Am, | élj Roile

“Seismiciry 1,
G'Eﬂph}rs / RE‘S :

quake sya
B.A. Bolt,

» PP. 1555-15

Im of January 8, 1977, Contra Costa
s Stifler, and R. Uhrhammer, Bull. 5
64, December 1977.

eism:
X%

y of the Farallon Escarpment,'" R. Uhrhammer
- 10, October 197,71
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Recent Rate of Seismicity

A plot of the cumulative number of earth

nitude (M) is given in the figure on page 20.

earthquakes (3.0 < My < 5.9) listed in tEE U.C. EEE:?EE E?tt;‘zrxgiits of St}‘?
stations, in a 180,000 km? region in northern and central Califuriismggraphlc
the decade. of Jlapuakyil, 1967, .to Decemberid1 1976, Sthe region isab Uring
on the north and east by the California border, on the southeast by tE:n =

dashed line on the map on page 26, on the southwest b ' :
) o o , y a line connectct
35°N-121°W and 39°N-125°W, and on the west by 125°W longitude. cting

quakes versus loca]l Richter mag-

The earthquakes are grouped into 20 consecutive 6-month intervals for
analysis and the average cumulative number of earthquakes (N) (total number
with a magnitude > M;) in a 6-month interval is given by

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

My > Interoccurrence Time
3.0 4 days

Sl 11 days

4.0 1 month

4.5 3 months

Sil0 8 months

e 2 years

6.0 5 years

The solid circles give the cumulative number of earthquakes (49 eart?; |
quakes, 3.0 < My < 4.4) in the 6-month interval covered by the present Bulletin.

There is thus no indication that the rate of seismicity for Januﬁryi;?77 to
June 1977 is significantly different from the average rate of seismicity over

the past decade.
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EARTHQUAKES IN NORTHERN CALIFORNIA International

Seismological

Centre
igin Time Latitude Longitud %
Date Origin 31 uge Hagnl- Sﬂl -
o (ET- G North W =
gm 1977 est tude h £ion Remarks
p7 20 Sl 40 .4° 127 25
Jan 01 3.8  2(R) 7r Off the coast 270 km
SW of Eureka,
_ .7 °92.4' © ’
] Jan 02 p2 09 37 37°02.4 121°29.3 2.5 9 74 22 km NNW of Hollister.
y lan 03 03 23 21N 3647 a =Nl 2] S 17e SN0 6 BN 6 6d 12 km SE of Hollister.
7 Jan N4 (3 51 49.6 35°853.,3 121222861 2.8 2 Ss 43 km SW of King City.
g Jan 00 P8 5SS 15.1 36°36.6"' 120°351.4° T 9 Qe SERLTESE oo Ho il lcher.
Pancche.
g Jan Db 19 28 01.4 39381 2=l s Je 1 2 19e 26 km SE of Hollister.
2 Stone Canyon.
6 Jan 08 06 55 50.6 37°254.2Yy 3222107003 2.6 12 6x 7 km ENE of Berkeley.
Lo Briones Hills
(] Tan @8 .07 17833.9 379538 12220538 3.0 9 6x Briones Hills.
6 Jan P8 08 58 13.9 375531 9% & 1228 1R 4.0 10 bx Brinnes Hills. Felt in
San Franciscu Bay area..
f Jan 08 09 38 07.5 370543 4 122° 11588 4.3 9 6x Briones Hills. Felt in
San Francisco Bay aresa..
f Jan @8 09 39 34 37°354° |22 11 2.8 9 6x Briones Hills.
H Jan 08 09 39 41 37°54° 122°%]1:° 3.8 9 bX Briones Hills. Felt in
u San Francisco Bay area..
6 Jan 08 @9 41 ©2.7 37°54.7' 122°11.4° 277, 9 6x Briones Hills.
6 Jan 08 09 43 59 B9 1222 il 3.0 9 bx Brinnes Hills.
6 Jan U8 A9 45 36 37°55" 122°11° 2.5 9 6x Briones Hills.
6 i los” loa.s1iss. 6" 37254 50122 HESEREESEE 8 6x Briones Hills.
6 Jan 0S8 09 5S4 57 37°55" P2 e 26 %84S 6x  Briocnes Hills.
an ()¢ o , - . i shH s Eel £ dinl
el 05 345167 37°33.3 122°11. 1 Ged 2 3 E;:lggf‘zntis:c.-. Bay area.:
_F’_ .]*,:ln 09 05 46 40 .4 37-:53‘21 122*# 10_7‘ 2_5 b2 HY B‘I‘if.lﬂﬁf: 1:111]'.5-
4 - QW of Oroville.
7 Jan 09 23 24 39.5 39°30.1° 121°38.6 3.4 2 5s ?El‘;"t‘ i
s : 6 km NW of Berkeley.
5 Jan 10 0S 08 07.8 37°54.5' 122°18.0 3.0 4 Lot ﬁl Eerritm. Felt.
: . Mt. Shasta area. Felt
9 Jan 13 20 09 53.4 41°01.4' 122°08.8 3.7 Z 2 in Dunsmuir.
0ff the coast 300 km
lan 16 03 09 51 40 .7° 127.6° 3.5 2RISR e s o B e lea
|l 115 km SE of Bishop.
I Jan 16 22 28 23.8 36°24.8' 117°48.8° 4.1 12 78 Owens lake area.
10 km NW of Hpjlil' S teT=:
L Jan 18 21 0S 46.4 26°55.6° . 121°27. 1 3.5 2 i Felt in Hollister.
: (6 km NW of Hollister.
= an 19 PP 128 198, 356°55:6" (524 G0 3.9 2 23 Palt in Holliister,

Gilroy and San Juan

Bautista.
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Latitude Longitude “T‘ﬂi' h ??;E- R /\
. _® H U
o Bats Origip T3 Morin’ et coari
0«
o ’ {°27.4% 2.3 12 8d 10 km NW
Jap 19 14 03 26.5 36°54.8 12 of Hulliat
12 Jan 20 02 11 14, %) S(R) Ss 7 [8kre
; o L . S
R VE R e 2210k s $BISE of Bupyy,
°51 .6’ 125#41.9' 3.6 19(R) 6s Of f the C
e T I b NW of Euregs 259 ky
0o35.3' 121°13.4' 2.6 3 Se 33 km SE .
4 Jag.22 1218266 3B£3S.3 . Boa V&“g;‘Hulustﬂr‘
o L o ' . 6 .
e lan 22 Mi5i21017.4° 3124977121 45.3' 2.8 13 ¢ IS km N of Liverngp,
16 Jan 23 (3 18 50.3 36°54.0° 121°36.8 2.5 7 8d 21 km NW of _HDIIistar.
(7 Jan 23 17 45 5.5 37°§1.§8' 122°15.2° 2.7 8 Sb Berkeley. Feit,
17 Jan 24 155546.5 37°51.5' 122°14.9° 2.8 8 8b  Berkeley. Feit,
(8 Tan 24 18 05 16.6 35°47.6' 120°21.2? 3ol 9 Os 64'kﬂl NE of San Luig
Obispo. Parkfield.
19 Jan 28 07 37 23.6 36°01.86' 120°41.80> 2.7 2 7s 46 km SE of King City.
Feb A1 14 33 10 40.4° 127,18 5.9 2(R) 7r Off the coast 269 gp
WSW of Eureka.
Feb 81 14 33 26 40.4° 127..1° 4.8 2(RY 7r Off the coast 260 kn
| WSW of Eureka.
Feb @1 15 25 47 40.4° 127510 4.3 2(R) 7r Of f the coast 260 knm
WSW of Eureka.
20 Feb @1 18 47 57.8 39°04.6' 119°59.9' 4.0 5 Sm Lake Tahoe. Felt in
S. Lake Tahoe, Carson
City and Placerville.
Feb 93 05 35 18.2 40°409.1' 125°21.0° 4.0 10 7s Off the coast 100 km
WSW of Eureka.
21 F o ? 0 "
<1 eb 05 19 25 53.1 409°25.7 124°48.7 4.0 29 6s Off the coast 65 km SW
of Eureka.
22 Feb 10 o i o
19 18 52.6  38°49.1° 122°48.7' 3.0 > 7s 42 km NNW of Santa
iR Rosa. Cobb Mt. Felt.
€ 23 o | o .
ey 1 49 26.7 36°43.8' 121 21.4° 2.8 12 6d 14 km S of Hollister:
e 18 32 ; ° 3 = :
28.9  36°07.6' 120°48.2° 2.6 15 7e 100 km SE of Hollister
Feb 17 09 58 37 e g
.0 2 ’ o
49°24.4' 125°13.9' 3.7 o4 Ss  OFf the coast 1067 ke
2S5  Feb 21 10 SRAD L0 enes
9 15-3 39“ ' 0 N {
22.5 123°18.0 J:2°0 20 19s 5%11§€S- Fe;t in
Feb 22 00 57 3 illits area.
b b 49“4 .9 a . W
# >-0' 125°13.9° 4.4 20R) 7s OffEthekcaast 99 X
< Feb 22 @6 24 gg of Eureka.
1 38°28.8° o : hoe-
SIEN119217. DAl ig il 1o 7m 95 km SE_of Lakgrlt‘?
<5  Feb 27 06 31 94 Felt in Bridgef
o 4  38°29.9° 119°15. 9 3 ¢ Lake Taho®"
Feb 25 03 57 37 ' -0 13 7m 95 km SE o
1 40°25.3° 124°13.1° Eurek@:
i : 3.0 18 Ss gzllzm S of
°49.9° 1220 ; ey-
22°03.3 3.9 6 8 18 km E of B”ﬁﬁéi““

Felt in San Fr
Bay area.
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Origin Time Latitude L i : >eISMOIogHs
Il};;; (UTE2) North GE‘E;EudE HE{SSI' Solu- Centre
uce tion Remarks
pS 23 S5S 43.4 40°49,1' 123°23.3°
Mer 23.3 3.3 35 9S 68 km E of Eureks.
Mar 06 00 32 33.9 36°41.3” 121°08.4" 2.9 6
05 55 31.2  36°33.5 | G T st
(2 A . °33.5° 120°44.9° '
Mar 349 3.2 10 Se S0 km SE of Hollister.
12 09 19 66.7 36°53.6' "I21°28 7>
Mar 28.7 3.6 9 10d 160 km NW of Hollister.
Fell in Hollister area.
087 54 56.2 36°55.2" 0 ,
Mar 16 121°27.6 3.6 9 10d 10 km NW of Hnllister.
Fell in Hollister area.
0 5 30 . L o R 0 »
Mar 16 7956730.5 36°55.1 121°27.8 2.7 9 9d 18 km NW of Hollister.
Mar 16 13 86 38 40.4 126.0° 3.4 2(R) 7r Off the coast 170 km
SW of Eureka.
Mar 17 09 14 49 40.4° 12775118 4.1 2(R) 7r Off the coast 260 km
SW of Eureka.
Mar 19 22 56 47.6 37°25.5"  121°38.3" 3.4 8 Se 30 km SSE of Livermore.
Mar 26 19 13 6.4  38°28.1' 122°13.0° 2.9 8 20 km NE of Napa.
Mar 27 11 24 58.4 38°20.6"" 122°37.9¢ 2ed 2 6s 12 km SE of Santa Rosa.
Apr 02 06 09 11.9 40°33.9' " 123°54.0" 3.6 14 6s 35S km SE of Eureka.
Felt.
Apr 03 10 20 43.8 39°34.7'" 123°02.2°* 3.0 S(R) 9s 50 km NNE of Ukiah.
Apr 08 08 59 83 42.0° 2722 4.0 2(R) 7r Of " the coast 300 km
NW nof Eureks.
Apr 09 00 14 18.1 40°27.8a° 123°14.0° 3.1 S(R) Ss 90 km SE of Eureka.
Apr 11 23 48 18.0 40°24.8' 125°18.1° 4.1 21 Ss Off the conast 10S km
SW of Eureka.
Apro Il 23 §3/38.4° 40°23.2' 125°11.87 "=3.5°% 24 Ss Off the coast 100 km
SW of LEureka.
Apr 21 18 00 03.1 36°38.7° 121°18.8’ 3.0 6 10e 24 km SE of Hollister.
Stone Canyon.
Apr 21 19 §8 S5.5S 36°38.8' 121°18.8' 2.9 6 10e Stone Canyon.
Apr 30 13 11 16.7 40°09.3' 124°06.7' 3.0 S(R) Ss 70 km S of Eureka.
o 3 ° v 2 ( 6 g8 km W of Berkeley.
sar 3B 19 83 16.6 37°44.3 [258 =2 Z:5 2 : Faraltnntlslands area.
t 130 k
May 02 05 56 59.3 40°36.2°' 125°38.6° 3.1 2 32 il o s
: Hollister.
May 04 06 04 S8.1 36°32.6' 120°32.6° 2.8 5 SEHMREORLNESE D B
! 5 km SSE of Oroville.
May 04 06 59 10.5 39°24 .30 1221229 57 3.6 i 7= ée11min Oroville.
) : Delta area 42 km NE of
1ay 04 19 43 34.0 38°10.6' 121°57.6' 3.2 2l 08 e rLaloy. Folt in Fais-
field and Vacaville.
Delta area 43 km NE of
May 05 22 49 32.1 38°11.3* 121°57.3° 3.3 2l 192 Bgrkeley. Felt in
Antioch and Pittsburg.
, . Off the cnast 160 km W
AyilGr 100 G928, 4ical. 208 125°59. /0 Bz 9 .28 (R)F OSEEEE E, L e,
38 km E of Merced.
May 1S 19 58 se.1 37°19.3' 120°02.8° 2.7 8 78




Map
No.

|en

45

42

47

48

49

53
53
16
54

SS
S6

Date
1977

May 21
May 28

May 31

May 31

Jun 03
Jun 04

Jun 04

Jun OS5
Jun 06

Jun 67

Jun 09
Jun 09
Jun |1

Jun 11
Jun 14
Jun 17

Jun 17

Jun 18
Jun 18
Jun 19
Jun 21

Jup 23

Jun 23

Origin Time
{ﬁ.T.C.)

90 28 19.7

96 26 53.6

16 40 24.2

22 56 50.3

0! 40 38.0
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Origin Time Latitude Longitude Magni-

Solo-
(TG North West tude h tion Remarks

16 36 45.5 36°46.8' 121°29.3° 205 1 6d Il km SW of Hollister.

12 46 40.6 37°35.8' 121°39.9° % 3o S 7c 10 km E of Livermore
Felt. -

P9 33 21.4 36°56.6' 121°35.3° 259 i 7d 20 km NW of Hollister.

EXPLOSIONS AT NEVADA TEST SITE

Date Origin Time Latitude Longitude Magni-

1977 (U.T.C.) North West tode
Feb 16 17 S3 60 37.09° 116.0° 4.2 (Berkeley solution)
Apr 0G5 1S 900 00.2 37°07.2' 116°063.7° 5.5 "Marsilly"”
Apr 27 1S 99 P0. ] 37285, 7 116261 .72 SH2 "Bulkhead"’
May 25 17 00 00. 1 37°05.7° 1162027 Szl "Crewline"
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PART II REGISTRATION OF EARTHQUAKES

easured arrival times of Prominent

This SECtiondtizz;thipTﬂsions recorded at selected statjgp

of earthquakes ﬂ:wrk operated by the Universiffy of Californiga (

seismographic nere BKS (or BRK if the BKS readlng is not clear), sag

These stations ;RI MIN, FRI, and FHC. Information regarding theg, Star

JAS, MHC, WDC, tiﬂsl will be found in the introductory section of thie long
and instrumenta foy Eolires parameters from Part I are repeated for all

ke :
Bulisgizl-cesBi Northern California and adjoining areas.
ear

phaSeS

S 0of the
Berkeley)

s MNV

Phase arrival times are Universal Coordinated Time (UTC).

In the column identifying the P or PKP phase, Aot Tene Al indicates
initial compression or dilatation of the ground, respectively, frop 5 wave

of the compressional type.

S arrival times and arrival times of later phases are given inp
minutes and seconds after the hour of the Por PKP arrival time. Whep
a later phase is recorded at a station, but no P or PKP phase, the tipe
in hours and minutes of the first P or PKP arrival at the other statiops
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:

Ms = log (—i—) + 1.66 log A + 3.3

3

where A = ground amplitude in

microns (vector resultant of horizontal
components) ,

T = period in seconds, and

and inter

Pretation i e. jdentifl-
» arrival tipeg of seismograms (i.e.,

d
» directions of initial ground motion, a8

€ done at Berkeley. Readings from F
other than the ten ]isted are aval
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APPENDIX A - GROUP LOCATION PROGRAM - GHYP2

program GHYPZ is designed to locate local earthquake sources by groups,

ather than individually, using a regional array of seismographic stations

r 4 a layer over a halfspace velocity model (the yelocity in the layer varies
o v =a + bz). GHYP2 can accept data for up to ten earthquakes recorded by
i;ix:tﬁn stations and each station can have a P and/or an S observation for

each earthquake.

The program simultaneously estimates:

1. hypocentral parameters,
2. station adjustments (to be added to calculated times), and

3. P and S propagation velocities for the model.

The estimation is made.by firsf—nrder adjustments to an initial solution.
The initial solution and velocity parameters must be specified.

Data Input Format
1. Read VPA,VPB,VPC,VSA,VSB ,VSC,D,ERR,NIT1,NIT2,NIT3,NMAX, (JS (I),I=1,4)

Format (8F5.0,8I5)

where:
VPA = initial P wave velocity at surface (km/sec) (5.28, say)
VPB = initial P wave velocity gradient in layer (0.075, say)
VPC = initial P'wavé halfspace velocity (7.70, say)
VSA = initialls wave velocity at.surface (2.98, séy)
V5B = initial S wave velocity gradient in layer (0.043, say)
VSC =

initial S wave halfspace velocity (4.36, say)

D = depth to interface between layer and halfspace (25 km, say)

ERR = convergence criteria, if maximum element of solution vector
< ERR the solution is considered to have converged (ERR = 0.01,
say)

NIT1 = number of iterations solving for epicentral parameters only
(usually = 2) |

NIT2 = number of iterations solving for hypocentral parameters
(usually = 2)

NIT3 =

number of iterations solving for hypocentral parameters and
Station adjustments (usually = 2)
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ations. Number of iteratqgpg
= : um number of 1ter : -ons
NMAX = maxim o for hypocenteral parameters, station adjustpeq,

and velocity parameters = NMAX - NIT1 - NIT2 - NIT3 ;
(NMAX v 7 to 12, say)

JS(1) to JS(4) are printing sense switches.

print station location and phase data

Js(1) = 0:

JS(2) = 1: print parameters used in constructing equations of
condition

JS(3) = 1: not used

JS(4) = 1: print correlation matrix and solution vector

Read in initial hypocenter (EILAT, EILONG, EIDEPTH)
Format (3F10.2)

where:
EILAT = latitude in degrees

EILONG = longitude in degrees

EIDEPTH = depth in km

Read in station data (up to 10 stations)

Read SNAME(I), SLATD(TI) , SLATM(T) ,SLONGD(I) , SLONGM(TI)

Format (A3,1K,F2.0,F5.2,lK,F3.0,F5.2)

where :

SNAME(I) = Station code (up to 3 characters)

SLATD(I) = Station latitude (degrees)

SLATM(I) = station latitude (minutes)

SLONGD(1) = Station longitude (degrees)

SLONGM(T) = Station
Note: latitude ig dssumed tp pe North

Jest:
and longitude tO be }
Repeat for each



TG /_\

4. Read in phase onset time data (up to 10 earthquakes)
a. Read (ID(I),I=1,B)Warbitrary title to identify the Evéntiﬁﬁ
Férmat (8A10)
b. Read SIN(I),PH(I),PM(I),P5(I),SH(I),SM(I),SS(T)
Format(A3,lX,2F2.0,F5:Z,IX,ZFZiD,FS.i)

where:

STN(I) = station code

PH,PM,PS =”P'ﬁa§e'énéét'time'in hnurs,'minutes,Jand seconds
(to 0.01 sec)
SH,5M,S85 = S wave onset time in hours, minutes, and seconds

(to 0.01'5&0)"

Repeat step b for each station ubserﬁatian;

c. EOR (End of recurﬁj "

5. EOR to indicate end of input data.

Computational Method

GHYP2 uses damped least-squares to solve a constrained system of
equations (which includes penalty functions). .The techniques of analysis
of variance are used to estimate the standard errors of, and the correla-
tions between, the unknown parameters from the standard errors of the

residuals. The observations are weighted by their residuals using a
Pearson's Type VII distribution.

Constraint equations are used to constrain the sum of the P station
adjustments and, 1if applicable, the S station adjustments, to be zero. |
These constraints dL€ necessary to avoild a singular system of equations }
due Lo unity correlation between the station adjustments and the origin
times of the earthquakes, Penalty functions are used to restrain the
Perturbations in the Station adjustments and the velocity parameters to
be small (less than 0.1, say) to lmprove the conditioning of the normal
cquations. The system of €équations is also damped by adding a constant
to the elements in the main diagonal of the normal equations which ef-

fectively inhibits the elements of the solution vector from having large
absolute values,

|

Resolution,

information density, and covariance matrices are also
cOmputed and prinp

ted for each iteration.
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GHYP2 Output

m prints out, for each iteration where applicable:
The progra

1. The hypocenter for sach earthquake, including:

5. standard errors of the parameters

b. correlation matrix (used to construct error ellipsoid)

c. perturbation of each parameter from previous 1iteration,

9. GStation data for each earthquake, including:
a, delta (km)
b. azimuth (epicenter to statian)
¢c. P onset time, weight, and residial
d. S onset time, weight, and residual.
3. Station adjustments and standard errors for P and S.

4. P and/or S velocities and standard errors.

5. Resolution matrix.

6. Information density matrix.

/. Covariance matrix,

8. Standard error for solution.
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- APPENDIX B - MODIFIED MERCALLI INTENSITY SCALE OF 1931
(Abridged)
1. Not felt except by a very few under especially favorable circumstances.,
11, Felt only by a few persons at rest, especially on upper floors of buildings,
- Delicately suspended objects may swing.

.

1 111. Felt quite noticeably indoors, especially on upper floors of buildings,
'- but many people do not recognize it as an earthquake. Standing motor cars
may rock slightly. Vibration like passing of truck. Duration estimated.

1V. During the day felt indoors by many, outdoors by few. At night some awak-
ened. Dishes, windows, doors disturbed; walls made cracking sound. Sensa-
tion like heavy truck striking building, Standing motor cars rocked no-
ticeably,

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., broken;
a few instances of cracked plaster; unstable objects overturned. Disturb-
ance of trees, poles and other tall objects sometimes noticed. Pendulum
clocks may stop.

- VI. Felt by all; many frightened and run outdoors. Some heavy furniture moved;
a few instances of fallen plaster or damaged chimneys. Damage slight.

VVIL, Everybody runs outdoors. Damage negligible in buildings of good design and
construction; slight to moderate in well-built ordinary structures; con-
siderable in poorly built or badly designed structures; some chimneys broken.
Noticed by persons driving motor cars.

[ELTTS Damage slight in specially designed structures: considerable in ordinary
substantial buildings with partial collapse; great in poorly built structures.
Panel walls thrown out of frame structures. Fall of chimneys, factory stacks,
f':c:ulumns, monuments, walls. Heavy furniture overturned. Sand and mud ejected
In small amounts. Changes in well water. Disturbed persons driving motor cars.
LB

Damage considerable in specially designed structures; well designed frame
Structures thrown out of plumb; great in substantial buildings, with partial

collapse, Buildings shifted off foundations. Ground cracked conspicuously.
Underground pipes broken.

X, Some well-

built wooden structures destroyed; most masonry and frame structures
destrayed

with foundations; ground badly cracked. Rails bent. Landslides

considerable from river banks and steep slopes. Shifted sand and mud. Water
Splashed (slopped) over banks.

" KI- F- .
f{;:, SR (masonry), structures remain standing. Bridges destroyed. Broad

Elusures in ground, Underground pipe lines completely out of service. Earth
"PS and land slips in soft ground. Rails bent greatly.

D?mage total.

Waves seen on j {ght and level
distorted . ground surfaces. Lines of sight a



