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INTRODUCTION 

Numerous small earthquakes occur each day in the coast ranges of 

Central California. The detailed study of these earthquakes provides a 

tool for gaining insight into the tectonic and physical processes 

responsible for the generation of damaging earthquakes. This catalog 

contains the fundamental parameters for earthquakes located within and 

adjacent to the seismograph network operated by the National Center for 

Earthquake Research (NCER), U.S. Geological Survey, during the period 

July - September, 1972. 

The motivation for these detailed studies has been described by 

Pakiser and others (1969) and by ·Eaton and otners (1970). Similar 

• catalogs of earthquakes for the years 1969, 1970 and 1971 have been 

prepared by Lee and others (1972 b, c, d). Catalogs for tne first 

and second quarters of 1972 have been prepared by Wessan ·and·otners 

(1972 a & b). The basic data contained in these catalogs provide a 

foundation for further studies. 
, 

This catalog contains data on 1254 earthquakes in Central Cali-

fornia. Arrival times at 129 seismograph stations were used to locate 
• 

the earthquakes listed in this catalog •. Of these, 104 are teleme-

tered stations operated by NCER. Readings from the . remaining 25 

stations were obtained through the'courtesy of the Seismographic Stations, 

University of California, Berkeley (UCB), the Ehrthqu~ke Mechanism Lab-

oratory, National Oceanic and Atmospheric Admi~stration, San Francisco 

(Et-n.); and the California Department of Water lasoilrces, Sacral'lento. 
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The Seismographic Stations of the University of California, 

Berkeley,have for many years published a bulletin describing earthquakes 

in Northern California and the surrounding area, and readings at UCB 

Stations from more distant events. The purpose of the present catalog 

is not to replace the UCB Bulletin, but rather to supplement it, by 

describing the seismicity of a portion of central California in much 

greater detail. 

INSTRUMENTATION 

The telemetered seismograph system used may be i~lustrated by block 

diagram (Figure 1). The equipment at each station includes a vertical 

component, 1Hz seismometer (usually M4rk Products, Model L-4C), a 

package containing a preamplifier and voltage-controlled oscillator 

(usually Develco, Model 6202), and batteries. The frequency-modulated 

tone produced at each station is carried by wire (occasionally by radio) 

to a ter1ninal where it is combined with tones from up to 7 other stations. 

The resulting multiplexed signal is then transmitted by voice-grade 

telephone circuits to the NCER office in Menlo Park, California. There 

the eight channels of data on each telephone line are separated and 

demodulated by discriminators (usually Develco, Model 6203), andre

corded on 16 mm film using a Develocorder (Teledyne, Geotech, Model 

RF-400). Each Develocorder records seismic s!Jnals from up to 16 sta

tions. In addition, 2 timing signals (~~'~B on 2 traces, and a 

chronometer) are recorded simultaneously with tthe seis~ic signals. 
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Figure 2 illustrates the overall response of the seismic system for 
r 

a typical station. Magnification for individual stations is adjusted 

according to the background noise level in steps of 6 decibels. As a 

result, the response for an individual station may differ from that of 

the typical station by a factor of 2, 4, 8, or 16. Precise calibrations 

indicate that most stations are operated at magnifications of about 

100,000 at 1 Hz. 

All stations used in the present study are listed in Table 1. 

Station · locations are plotted on Figure 3, except for 13 stations which 

are located outside the map boundaries. 

DATA PROCESSING AND ANALYSIS' 

The telemetered ·seismic data recorded on 16 mm film are processed 

manually to yield information on first P-arrivals, directions of first 

motions, maximum amplitudes, and signal durations. These data are then 

processed by computer to give origin time, hypocenter location, magnitude, 

and fault plane solution of the earthquakes .usina the HYP071 computer 

program (Lee and Lahr, 1972). Each roll of film contains about 24 hours 

recording and is processed in the following steps: (1) scannina, 

(2) timiD&, (3) preparing punched cards, (4) batch processing by computer 

program HYP071, (5) correcting error~, (6) adding data from other sources, 

(7) rerunning HYP071, (8) analyzing poor solutions, and (9) eliminating 

explosions. 

In the routine data processing, local events with signal duration 

of 10 seconds or more are al~;ays timed. This corresponds to a cutoff at 

about magnitude 1 for events within the NCER network. Some smaller 
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Figure 2. System response of a typical NCEI telemetered seismograph 
station. This ~&nification curve is obtained for a typic~ l 
system (L-4C aeismoceter, Develco VCO/Amplifier, Devclco 
Discriminator, and Geotech Develocorder) with electronic 
aains adjusted to produce a 10 .. peak-to-peak record 
cmplitudc '"hen a 10 JJV rn:s, 5 Hz, calibration si f·.nnl i.s 
introduced in pl<!ce of the aeisr.aoatcr (attenuation set at l;:!db). 
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Figure 3. ~lap showing principal seismograph stations used in locating 
earthquakes. 
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events for \·lhich 6 cleur first arrivals can be obtained are also ti::!~d. 

The magnitude cutoff for events outside, but near the NCER network, is 

somewhat larger than 1. The catalog of earthquakes reported here 

contains all hypocenter solutions obtained. Because the station covera~e 

is not uniform and because some events outside the network are reported, 

the cutoff for small magnitud•s is not uniform over the entire a~ea 

reported. 

Location of earthquakes was based mainly on first P-arrivals.· 

When an adequate location could not be obtained using P-arrival• alone, 

S-arrivals were used to supplement the P-arrivals whenever possible. 

The HYP071 computer program uses Geiger's method (Geiser, 1912) to 

determine hypocenters by minimizing the residuals between observed and 

calculated arrivals in a least-squares sense. Traveltime& froa a trial 

hypocenter to the stations and their partial derivatives are computed 

on the assumption of a horizontal multilayer model by a technique intro

duced by~ (1969). 

The crustal velocity model used was derived mostly from analysis 

of explosion data by Wesson and others (in press 

by: 

Layer Depth (km) P-velocity (lcm/sec) 

1 0 to D 4.0 

2 D to 15 5.9 

3 15 to 25 6.8 

4 below 25 8.05 

9 

). It is specified 

s-velocity (lcm/sec) 

2.2 

3.3 

3.8 

4.5 
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The variable boundary between the first and second layer (depth D) 

is determined for e~ch station from time-term analysis of explosion data 

whenever they are available. The variabte first layer in the crustal 

model is an approximation to the sedimentary layer above the Pg refractor. 

To permit sharp changes in sediment thickness across the San Andreas 

fault, two D val~es for each station were determined: one for sources 

east of the fault, and the other for sources west of the fault. The 

set of D values to be used in the program is determined by the location 

relative to the fault of the station with the earliest P-arrival time. 

For example, if the earliest P-arrival occurs at a station west of the 

fault, then the set of D values appropriate to the sources on the west 

side, D(W), of the fault is selected. Table 1 shows values of Din 

kilometers at each station for sources east [D(E)) and west [D(W)) of 

the San Andreas fault as well as the location of the stations relative 

to the fault (K•l for east, and K•2 for west). An assumed value forD 

of 3.5 km (about the median of the calculated values) is given in paren

theses if a value could not be determined froa the explosion data. 

The method used for estimating the Richter magnitude of the earth

quakes has been described by Lee and others (1972a). In brief, the 

magnitude of an earthquake is based on the average of magnitudes estimated 

at various stations. Station magnitude (K) 11 derived from its recorded 

signal duration [T] according to: 

K • -0.87 + 2.00 log (t) + 0.0035 ~ 

where A is the epicentral distance in kilometers. The signal duration 

is defined as the duration time in seconds fraa the onset of the first 
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P-arrival to the point where the trace amplitude (peak-to-peak) falls 

below 1 em as it appears on the Geotech film viewer. 

For earthquakes with Richter magnitudes of 3.5 and below, equation 

[1] aives a aood estimate of the magnitude; however, for ltichter magni

tudes above 3•5, the relationship between sianal duration and maanitude 

is still under investisation. 

Therefore, for earthquakes with 1188ftitude areater than 3. S, we 

calculated the local maanitude followina Richter (1942) uaina records 

obtained from the UCB WOod-Anderson seismograpfis at Berkeley, Mount 

Hamilton and the Stanford-U.S.G.S. Wood-Anderson at Palo Alto. Tha 

earthquakes for which the Richter magnitude has been determined from 

Wood-Anderson records are so indicated in t&e catalog. 

A substantial effort has been made to identify ezplosions so as to 

eliminate them from the cataloa. Explosions can be identif:l:ec! on the 

basis of several criteria: location at a knowa quarry or blasting site, 

shallow focal depth, time of day, focal •echaaism or through corre

sponde~ce with quarry operators. Durina the t!ird quaTter of 1972 

SO blasts were identified and eliminated froa the catalo~ 

DISCUSSION OF CATALOG 

The parameters for the earthquakes listed in the Appendix include 

the oriain time, location of hypocenter (epicenter and focal depth), 

magnitude, and number of stations used in the location. In addition, 

five other parameters are listed so that an evaluation of the quality of 

the hypocenter solution may be made. These parameters are: (1) the larg

est azimuthal separation between stations, GAP. (2) epicentral 
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distance to the nearest station, m11~ , (3) root-mean-square error o( 

the time residuals, RMS, (4) standard error of the epicenter, ERH, and 

(S) standard error of the focal depth, ERZ. Based on these parameters, 

the general reliability of each earthquake solution is graded as either 

excellent (A), good (B), fair (C), or poor (D). Exact rules of quality 

classification are aiven in the Appendix. 

A brief discussion on .the accuracy of hypocenter determinations has 

. been given by Lee and .others (1971) • To ob.tain a reliable epicenter, 

GAP should be less than 180•; to obtain a reliable focal depth, DMIN 

should be leas than the focal depth. In addition, systematic errors 

arise from uncertainties in the crustal velocity model. These errors 

cannot be determined except through controlled experiments, e.a •• known 

explosions in the focal reaion. Because we present"all hypocenter 

solutions of earthquakes in the region we studied, their quality varies. 

Although standard errors of epicenter and focal depth (ERH and ERZ) are 

given, they must be interpreted with caution, especially for quality C 

and D solutions. Hypocenter solutions for known blasts distributed 

through the San Francisco Bay region indicate that the true positions 

are within the standard error limits of the solutions, provided that the 

conditions GAP <180• and DMIN is within a few kilometers are met. For 

example, comparison of locations determined for well-recorded quarry 

blasts (solution quality A) with the known coordinates indicate a typical 

error of about 1 km. As suggested by known blasts, a general statement 

on the accuracy of our hypocenter solutions is as follows: 

12 



Arproxil!late accur:1cy in 
Solution Quality Epicenter Focal DcDth 

A (excellent) 1 kill 2km 

B (good) 2.5 km Skm 

c (fair) s ka >S km 

D (poor) > s ka >S lal 

Epicenters given in the Appendix are plotted according to magnitude 

in Figure 4. 

The dashed linea in Figure 4 indicate the boundaries of the NCER 

seismograph network as it existed durin's the third .quarter of 1972. 

We feel that the hypocenters listed in the Appendix represent a nearly 

complete set of earthquakes above magnitude 1 within . these boundaries 

and that these earthquakes are generally well located. Earthquakes 

outside the dashed boundaries in Figure 4 tend to be less well located, 

depending on their distance from the network and their relationship to 

its geometry. Further, the minimum magnitude event that we can detect 

and locate increases with increasing distance from the network. For 

earthquakes outside the network, which yielded unsatisfactory locations 

on the basis of P-first-arrivals alone, s-arrivals were included whenever 

possible. 

We believe that the precision of the earthquake locations (or the 

relative locations) ia better than the absolute accuracy of the earth-

quake locations. Despite our attempts to model the laterally 

inhomogeneous nature of the velocity structure within the earth's crust 

using ~he variable-thickness surface layer, we suspect that the locations 

within certain parts of the area included in tte boundaries of the net,•ork 
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may be systematically biased by as much as 2-3 km (Mayer-Rosa, 1973). 

Some of the earthquakes listed in this catalog are multiple events, 

that is, earthquakes from a given sour ~e region which occur in such ra~id 

succession tha~ the seismographs are still recordina arrivals from one 

earthquake when the first arrivals from a followin·a earthquake beiin to 

appear. Depending on the size of the individual events and their separa

tion in time, it may be possible to accurately time and locate the later 

event(s). Sometimes, however, this ia not possible. 

The contents of the Appendix, and the data set from which it was 

derived, may be obtained in forms amenable to computer input (punch cards 

or maanetic tape) by contactina the authors. Copies of Figure 4 at a 

scale of 1:500,000 are also available. 

15 



'·-

\._ , 

• Some of the arrival times used in this study were obtained through 

the courtesy of the Seismoaraph Stations, university of California, 

Berkeley, the Earthquake Mechanisa Laboratory, San Francisco, ad the 

California Departaent of Water Resources, Sacramento. We thank Drs. 

B. A. Bolt and Don Tocl~er, Directors of the first two iutitutions, and 

Mr. Paul Morrison of the last institution, for their ·cooperation. MeSsrs. 

Roy Miller of UCB and Mike Blackford of EML and their staffs offered 

aenerous help with their data and recorda. We are indebted to .any 

quarry operators for helpina us to elt.inate blasts fr~ the earthquake 

cataloa. 

We are arateful to Wayne Jackson, John Van Schaack, lon ladarabek, 

and their associates for operatina the NC!R aeia.oaraph stations and 

telemetry network. We thank Sharon ICirkuD, Evelyn Kata.oros and WUliaa 

Ellsworth for their help in various phases of data proceasina and a. A. 

Paae, Jr. and D. P. Bill for their co~ta 011 the unuacript. 

We are most deeply indebted to J. P. Eatoa and w. B. It. Lee of NCD 

for their development of the techniques aD4 co.puter proarama which have 

made the preparation of this cataloa a routine production. 

16 



REFERE:\CES 

Eaton, J.P., HYPOLAYR- a computer program for determining hypocenters 

of local earthquakes in an earth consisting of uniform flat layers 

over a half space, u.s. Geolosical Survey, Open-File Report, 

155 p., 1969. 

Eaton, J. P., W. H. K. Lee, and L. C. Pakiser, Use of microearthquakes 

in the study of the mechanics of earthquake aeneration along the 

San Andreas fault in central California, Tectonophysics, !• 259-282, 

1970. 

Geiger, L., Probability method for the determination of earthquake 

epicenters from the arrival time only (translatecl fro11 Geiger's 

1910 German article) Bull. St. Louis Univ., !• 56-71, 1912 • 

. Lee, w. H. K., and J. c. Lahr, HYP071: a computer proaram for deter

mining hypocenter, magnitude, and first .otion pattern of local 

earthquakes, u.s. Geological Survey, Open-Pile Report, 100 p., 1972. 

Lee, w. H. K., M. S. Eaton, and!. E. Brabb, !he earthquake sequence near 

Danville, California, 1970, Bull. Seism. Soc. Am., !!• 1771-1794, 

1971. 

Lee, W. H. K., R. E. Bennett, and K. L. Meagher, A method of estimating 

magnitude of local earthquakes from signal duration, U.S. Geological 

Survey, Open-Pile Report, 28 p., 1972a. 

Lee, W. H. K., J. C. Roller, P. G. Bauer, and J.D. Johnson, Catalog of 

earthquakes along the San Andreas fault syatea in central California 

for the year 1969, U.S. Geological Survey., Open-Pile Report, 48 p. , 

1972b. 

17 



\ . 

' ! __ . 

Lee, W. H. K., J. C. Roller, K. L. Meagher, and R. E. Bennett, Catalog 

of earthquakes along the San Andreas fault system in ce~ ~ ~al 

California for the year 1970, U. S. Geological Survey, ~ ~n-File 

Report, 73 p., 1972c. 

Lee, w. H. K., K. L. Meaaher, R. E. Bennett, and E. E. Matamoros, 

Catalog of earthquakaa along the San Andreas fault system in 

central California for the year 1971, U. s. Geological Survey, 

Open-File Report, 67 p., 1972d. 

Mayer-Rosa, Dieter, Traveltime anomalies and distribution of earthquakes 

along the Calaveras fault zone, California, Bull. Seism. Soc. Am., 

v. 63, P• 713-729, 1973. 

Pakiser, L. c., J.P. Eaton, J. H. Healy, and c. B. Raleigh, Earthquake 

preaiction and control, Science, 166 p., 1467-1474, 1969. 

Richter, C. F., An instrumental earthquake magnitude scale, Bull. Seism. 

Soc. Alr1., ,n, 1-32, 1942. 

Wuson, R.. L., R.. E. Bennett and K. L. Meaper, Catalog of earthquakes 

alcag the San Andreas fault · system in central California, Jauuary

March, 1972, U. S. Geological Survey Open-File Report, 60 p., 1972a. 

Wesson, Il. L. , ll. E. Bennett and F. W. Lester, catalog of earthquakes alona 

the San Andreas fault system in central California, April-June, 1972, 

U. s. Geological Survey Open-File Report, 42 p., 1972b. 

Wesson, R.. L., J. C. Roller, and W. H. K. Lee, T:lae-term analysis and 

geologic interpretation of seismic traveltt.e data from the Coast 

Ranges of central California, Bull. Seism. Soc. Am., in press. 

18 



\.. · 

(_ ' 

APPl::liDIX: CATALOG OF EARTllQUAKES (July - Septemne1 1972} 

Earthquakes along the San Andreas fault system in central 

California for July - Septembe~ 1972 are listed chronologically in 

this Appendix. The following data are given for each event: 

(1) Origin time in Greenwich Civil ·Ti&~ (GCT): date, hour (HR); 

minute (MN), and second (SEC). To co~vert to Pacific 

Standard Time (PST) subtract eight hours. 

(2) Epicenter in degrees and minutes of north latitude (LAT N) 

and west longitude (LONG W). 

(3) DEPTH, depth of focus in kilometers. If '*' follows the 

DEP1~, it means that the focal depth is restricted. 

(4) MAG, local magnitude of the ear.thquake. If "ll" follows the 

magnitude, it indicates the Richter magnitude calculated from 

Wood-Anderson seismograph records. 

(5) NO, number of stations used in locating earthquake. 

(6) GAP, largest azimuthal separation in dearees between stations. 

(7) DMIN, epicentral distance in kilometers to the nearest station. 

(8) RMS, root-mean-square error of the time residuals: 

where Ri is the observed seismic-wave arrival time minus the 

th computed time at the i station. 

19 



(9) ERH,, standard error of the epicenter in kilometers: 

where SDX and SDY are the standard errors in latitude and 
( ' 

longitude, respectively, of the epicenter. 

(10) ERZ, standard error of the depth in kilometers. 

(11) Q, solution quality of the hypocenter. This measure is 

intended to indicate the general reliability of each 

solution. 

g_ Epicenter local DeEth 

A excellent sood 

B good fair 

c fair poor 

D poor poor 

Q is based on both the nature of the station distribution 

with respect to the earthquake and the statistical measure 

of the solution. These two factors are each rated 

independently according to the follO'finl schemes: 

Station Distribution 

.!2 GAP 1!!£! -
' ( , A > 6 < 9o• ~ DEPTH or Skm - -

B > 6 - < 135. - ~ 2 X DEPTH or 10 kill 

c ~6 ~ 1so• ~so km 

D Others 
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Statistical !:-teasures 

RMS (sec) ERH (km) ERZ (km) 

A < 0.15 < 1.0 < 2.0 

B < 0.30 < 2.5 < s.o 
c < o.so < s.o 
D Others 

Q is taken as the average of the ratings from the two ochemes, 

i.e., an A and a C yield a B, and two B's yield a B. When the 

two ratings are only one level apart the lower one is used, 

i.e., an A and a B yield a B. 

(12) QUADRANGLE, for earthquakes between 35• 37.5' and 3&• 52.5' 

N. latitude and 120• 00.0' and 123• 45.0' W. longitude, 

QUADRANGLE indicates the ~ame of the u.s. Geological Survey 

7.5 qUadrangle (or quadrant of 15' quadrangle), on which the 

epicenter is located. For earthquakes offshore or outside 

the designated area, the entry is starred and indicates the 

general geographic area in which the epicenter is located, 

for example, "***MONTEREY BAY***"· 
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