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INTROBUCTION

Two days after the May 2, 1983, M¢=6.7 earthquake near Coalinga, CA, the
U.S. Geological Survey began a seismic refraction experiment in the area. One
objective was to record aftershocks using a dense, linear array of portable
seismographs in order to derive a velocity model for the middle to lower crust
in this region. Such a model would, in conjunction with the velocity model
derived from a parallel survey using explosive sources (Colburn and Walter,
1984), provide further information on the geologic structure of the Coalinga
area.

Aftershocks were recorded along two profiles crossing the epicentral
region of the main shock (Figure 1 and Plate 1). On May 4 a northwest-
southeast trending profile was deployed which extended from the epicentral
region along the syncline west of the Kettleman Hills. On May 7 an east-west
trending profile was deployed which extended from the interior of the Diablo
Range west of Coalinga, across the source region of the aftershocks, and into
the San Joaquin Valley near the town of Lemoore, CA. Figure 1 shows the
location of these profiles in relation to the local geology. The geologic
setting is presented by Wentworth, Zoback and Bartow (1984).

This report is a compilation of the data obtained from the 1983 seismic
refraction survey using selected aftershocks. These aftershocks were located
with the computer program Hypo 71 (Lee and Lahr, 1975) using J. Eaton's model
as modified by Eberhardt-Phillips and Reasenberg (1984). An interpretation of
this data will be published separately after analysis of the data is completed.

DESCRIPTION OF SURVEY

The 1983 Coalinga aftershock data supplement seismic refraction data
reported by Colburn and Walter (1984) for a survey conducted along roughly the
same profiles using explosive sources.

For the NW-SE profile, one-hundred and twenty seismic recorders were
deployed at approximately 1 km spacing along a 110 km-long line. Aftershocks
1 through 6 were recorded on this array (Plate 1 and Table 1). For the E-W
profile, these same instruments were deployed at approximately .5 km spacing
along a 68 km-long 1ine. Aftershocks 8 through 19 were recorded on this array
(Plate 1 and Table 1). An additional aftershock recorded on June 30,.1983
along the NW-SE explosion profile (Colburn and Walter, 1984) is included as
aftershock No. 7 (Plate 1 and Table 1).

The instruments were programmed to record two thirteen-minute time windows
during each deployment.. The selected aftershocks were located using
- hand-timed arrivals at nearby Calnet permanent stations and temporary
three-component seismographs, as well as at stations along the profiles. The
uncertainty in the resulting hypocenter locations is approximately 1 km
(horizontal) and 2 km (vertical) (Eberhart-Phillips and Reasenberg, 1984).
Table 1 1ists the date, time, location, depth and magnitude for each
aftershock. Plate 1 shows the epicentral locations. The instrument locations
and elevations were determined to an accuracy of 15 m using USGS 1:24,000
topographic maps (Appendix A).
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Figure 1: Geologic map of the Coalinga, California area.
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INSTRUMENTATION AND DATA REDUCTION

Seismic Recorders

tach instrument (Healy and others, 1982) contains a 2-hz vertical
component geophone. The signal from the geophone is sent through three
parallel amplifiers, each with an adjustable gain setting. The three
amplified seismic signals, a fixed reference frequency, and an internally
generated time code are recorded as a frequency modulated, multiplexed signal
in analog form on a cassette tape (Figure 2). Each instrument contains a USGS
time code generator (clock) with a memory board that can be programmed for up
to ten separate recording times. The response curve for the system peaks at
about 20 hz (Figure 3). "The instruments are powered by two 6-volt
rechargeable batteries.

Before each deployment, field technicians program the recording times and
synchronize the clock unit of each instrument with a master reference clock.
After the instruments are retrieved, the clock drift for each instrument is
measured relative to the master clock and.recorded on data sheets. The master
clock, which drifts approximately 1 millisecond a week, is sychronized to a
Rubidium standard reference at the USGS Western Regional Headquarters in Menlo
Park, CA. The Rubidium clock, accurate to 10-10 parts per unit time, is
periodically set to an averaged WWVB reference signal.

Data Reduction

Field technicians complete instrument data sheets that include information
on instrument location, amplifier gain settings, clock drifts, and instrument
performance. This information (Appendix B) is entered into a micro-computer
and stored on a floppy disk .

After the instrument and aftershock data are entered into the computer,
the analog seismic data recorded on each cassette are digitized using a
micro-computer system. For each aftershock, the data are digitized for 20
seconds, starting t seconds after origin time:

t (start)= teq + ted + tmin + X/Vped

where toq is the earthquake origin time
ted is the recorder clock drift at earthquake origin time
tmin is reduced start time (integer number of seconds)
X 1s earthquake to recorder distance
Vred is the digitizing reduction velocity

The seismic data are digitized at a sampling rate of 200 samples/sec and are
written to floppy disks.

After the seismic data are digitized, the traces are evaluated for data
quality. A tape grade code is assigned to each trace (Appendix B). Traces
are usually deleted from the record sections where a very large background
noise level results in a low signal-to-noise ratio. The final version of

digitized data is archived on 9-track magnetic tape.
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RECORD SECTIONS

The record sections are plotted with the time reduced by a velocity of 6.0
km/sec; i.e. the time shown for each trace is defined as:

T - X/6

where T is the absolute elapsed time (seconds) from the origin time and X is
the aftershock-to-receiver distance (km). Negative distances indicate
instrument locations west of the aftershock on the E-W line, and southeast on
the NW-SE line. The signal-to-noise ratio of the data is affected by cultural
noise at the recorder sites. On the NW-SE profile the arrivals disappeared
into the background noise at ranges between 70 and 80 km to the SE, therefore
the seismic traces at greater ranges were not plotted on the record sections.
A11 record sections were filtered using a 1-15 hz bandpass filter.

Page-sized normalized record sections for each aftershock are presented on
Figures 4-22. Since aftershock No. 7 (Figure 10) occurred near the end of the
programmed time window, the seismic traces are plotted as straight lines for
the time periods after recording terminated.

For aftershocks 2,7,8, and 15 a normalized and true-amplitude record
section are shown on Plates 2,4,5 and 6 respectively. For aftershocks 3,5,9
and 19 normalized record sections are shown on Plates 3 and 7. Each record
section is plotted at a scale of 5 mm/km for the distance axis and 25 mm/sec
for the time axis. The normalized traces are plotted with a uniform maximum
amplitude of 7.5 mm.

For the true-amplitude record sections, the width of each trace represents
its relative amplitude after adjustments for instrument gain, and distance
from the origin. The true amplitude A(t) is computed from the observed
amplitude Ao(t) by

where 3 is a multiplicative factor adjusting for the instrument amplifier
gain.

The multiplication factor for amplification is:
fa = 10(dB/20)

where dB is the gain attenuator setting of the selected channel in decibels
for each trace.

Some trace amplitudes were extremely high due to excessive cultural noise,
causing these traces to overlap adjacent traces on the true-ampliitude record
sections. Other trace amplitudes were unrealistically low on the true-
amplitude record sections because of a seismic recorder amplifier problem.

A1l of these traces were deleted from the true-ampiitude plots but retained
for the normalized plots.
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COALINGA AFTERSHOCK NO. 1 NORMALIZED
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APPENDIX A
Seismic Recorder Locations

Appendix A is a listing of the seismic recorder locations. Included
are the location numbers of the seismic recorder sites, the latitude and

longitude in degrees, minutes, and seconds, and the elevation of the
seismic recorder sites in feet.
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APPENDIX B
Team Data Sheets

The data sheets contain all the information related to the performance of
the seismic recorders. This appendix provides a computer printout of this
information as stored on a floppy disk. The recorders are grouped into six
teams of twenty instruments. Each set of teams is listed in aftershock
order. The origin time lists the Julian day and the GMT hour, minute, and
second. The column headings are as follows:

LOC - field location number of
the seismic recorder unit

DIST (KM) - distance from the epicenter to the

: recorder location in kilometers

AZIM - azimuth from the epicenter to the recorder
location measured clockwise from north

UNIT - I. D. number of the recording unit

CHRON - time correction in milliseconds

for the recorder clock at origin time
(calculated from the total drift
assuming a linear drift rate)

CHAN - seismic channel number (1, 2, or 3)
which was digitized

Cl C2 C3 - gain attenuator settings (dB)
for a given channel

TAPE GRADE - number that codes the instrument
performance, the data quality, and/or
the reason for omitting the trace
from a record section
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DIRECTORY OF TAPE GRADE CODES

Seismic record digitized

Recorder did not operate; tape did not advance
Tape advanced but no signal was recorded
Skipped recording time

Weak signal; low recording level;
cannot interpret time code

Continuous calibration by recorder unit
Noise, sinusoidal
Noise, spike

High frequency noise; trace filtered
for normalized plots {1-15 hz bandpass filter)

High amplitude cultural noise;
not used for true amplitude plots

High cultural noise; poor signal to noise ratio
Defective clock unit

Noisy time code record

Tape speed incorrect; belt slipped

Unit not deployed

Geophone disconnected or shorted

Late start; missed shot time

Geophone response test failed
(usually no seismic signal)

One or more seismic channels missing
Unit damaged in field
Incorrect program time

amplifier out of balance;
trace not used for true amplitude plots

Crossfeed on time code due to strong seismic signal;

timing accuracy of only +20 milliseconds

Trace deleted from record section to prevent
the overlapping of adjacent traces
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