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The research results described in the following summaries were submitted by
the investigators on May 16, 1986 and cover the 6-months period from

May 1, 1986 through October 31, 1986. These reports include both work
performed under contracts administered by the Geological Survey and work by
members of the Geological Survey. The report summaries are grouped into the
three major elements of the National Earthquake Hazards Reduction Program.

Open File Report No. 87-63

This report has not been reviewed for conformity with USGS editorial standards
and stratigraphic nomenclature. Parts of it were prepared under contract to
the U.S. Geological Survey and the opinions and conclusions expressed herein
do not necessarily represent those of the USGS. Any use of trade names is for
descriptive purposes only and does not imply endorsement by the USGS.

The data and interpretations in these progress reports may be reevaluated by
the investigators upon completion of the research. Readers who wish to cite
findings described herein should confirm their accuracy with the author.
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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0257

Clarence R. Allen and Robert W. Clayton
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6912)

Investigations

This semi-annual Technical Report Summary covers the six-month period
from 1 April 1986 to 30 September 1986. The Cooperative Agreement's purpose
is the partial support of the joint USGS-Caltech Southern California Seismo-
graphic Network, which is also supported by other groups, as well as by direct
USGS funding to its own employees at Caltech. According to the Agreement, the
primary visible product will be a joint Caltech-USGS catalog of earthquakes in
the southern California region; quarterly epicenter maps and preliminary
catalogs have been submitted as due during the Agreement period. About 250
preliminary catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were
located during the six-month recording period, although, because of the
unusually high activity during the period, many smaller shocks still remain to
be processed. Some of the seismic highlights of this period were:

Number of earthquakes fully or partially processed: 5917

Number of earthquakes of M = 3.0 and greater: 445

Number of earthquakes of M = 4.0 and greater: 57

Number of earthquakes of M = 5.0 and greater: 9

Largest event within network area: M = 5.6 (8 July, North Palm Springs)

Number of earthquakes reported felt: 60

Number of earthquakes for which systematic telephone notification to
emergency-response agencies was made: 12

This was an unusually active period in southern California seismicity.
Not only was the North Palm Springs earthquake of 8 July (ML = 5.6) a widely
felt and locally damaging event, but the offshore Oceanside earthquake (M =
5.3) 5 days later, on 13 July, was also felt over a surprisingly wide area of
southern California. Seven days following that event, the Chalfant Valley
earthquake (M;, = 6.2) occurred north of Bishop, California, and although it
was technically outside of our area of network responsibility, it caused even
further public interest and concern. Each of these three earthquakes has had
numerous felt aftershocks which continue to this writing.

Studies of the North Palm Springs earthquake (Jones et al., in press)
indicate that it probably occurred on the Banning fault , which is an east-
trending, north-dipping thrust fault in the San Gorgonio Pass area but
steepens in dip as it changes to a southeasterly trend toward the southeast
into the Coachella Valley-Salton Sea area. The North Palm Springs earthquake
occurred in this transition zone, at a depth of 11.3 km (Fig. 2). The focal
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mechanism of the main shock indeed indicates a northerly fault dip of about
45°, but, surprisingly, the displacement was almost pure strike slip.
Aftershock locations support the concept of a north-dipping rupture zone.
Relocation of the 1948 Desert Hot Springs earthquake (My = 6.5), formerly
thought to have occurred on the Mission Creek fault, suggest that it, too,
occurred on the Banning fault, in the segment abutting that of the North Palm
Springs earthquake to the southeast (Nicholson et al., in press).

The offshore Oceanside earthquake of 13 July occurred about 45 km
southwest of Oceanside, California, in the vicinity of a number of northwest-
trending faults in the San Diego trough (Fig. 1). The short-period focal
mechanism indicates right-lateral displacement on a fault of somewhat more
northerly strike. The earthquake was widely felt in both the San Diego and Los
Angeles metropolitan areas, and the epicentral area has been one of continuing
moderate seismic activity during the history of seismographic recording in
southern California.

Publications

Jones, L. M., Hutton, L. K., Given, D. D., and Allen, C. R., in press, The
North Palm Springs earthquake sequence of July 1986: Seismol. Soc. America
Bull.

Nicholson, C., Wesson, R. L., Given, D., Boatwright, J., and Allen, C. R., in
press, Aftershocks of the 1986 North Palm Springs earthquake and relocation of
the 1948 Desert Hot Springs earthquake sequence [abstract]: Am. Geophys. Union
1986 Fall meeting, San Francisco.
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Fig. l1.--Epicenters of larger earthquakes in the southern California region,
1 April to 30 September 1986.
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SALTON SEA

Fig. 2.--Epicenters of the North Palm Springs earthquake sequence (center),

sandwiched between the traces of the Banning fault to the south and the

Mission Creek fault to the north.




Regional Seismic Monitoring Along the Wasatch Front Urban
Corridor and Adjacent Intermountain Seismic Belt

14-08-0001-A0265

W. J. Arabasz, R.B. Smith, J.C. Pechmann, and E.D. Brown
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801) 581-6274

Investigations

This cooperative agreement supports "network operations" (including a
computerized central recording laboratory) associated with the University
of Utah 80-station regional seismic telemetry network. USGS support
focuses on the seismically hazardous Wasatch Front urban corridor of
north-central Utah but also encompasses neighboring areas of the
Intermountain seismic belt between Yellowstone Park and southernmost Utah.
The State of Utah, the U.S. Bureau of Reclamation, the National Park
Service, and the U.S. Geological Survey Volcanic Hazards Program also
contributed support to operation of the University of Utah network during
the report period.

Primary products of this USGS cooperative agreement are quarterly
earthquake catalogs and a semi-annual data submission, in magnetic-tape
form, to the USGS Data Archive.

Results

1. Network Seismicity

Figure 1 shows the epicenters of 207 earthquakes (M < 4.1) located in
part of theoUnlvermty of Utah stugy area designated the "Utah region"
(lat. 36.75 -42. 5°N long. 108.75°-114.25 W) during the six-month period
April 1 to September 30, 1986. The seismicity includes six shocks of
magnitude 3.0 or greater, several areas of spatial clustering, and two felt
events,

The largest earthquake during the report period, M4.1l, occurred on
August 22, and was located 32 km southeast of Bullfrog Basin in
southeastern Utah at 37°27. 2N, 11031.5W. This earthquake occurred in a
sparsely populated area and was not reported felt. An earthquake of M3.5
on September 19, located roughly 30 km south of Logan, Utah, was felt in
the southern Cache Valley. The second felt earthquake was a shock of M3.2
on August 29, felt in Preston, Idaho, just north of the Utah border; the
shock was located 16 km east of Preston at 42%. 4N, 111939.2w.
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The epicenters shown in Figure 1, including several spatial clusters,
reflect typical earthquake activity scattered throughout Utah's main
seismic region. A cluster 20 km east of Ogden is associated with an M3.6
event which occurred on June 5. Clustered epicenters located 50 km
southwest of Richfield, Utah, are close to the Roosevelt geothermal field,
which has exhibited episodic swarm activity in the past.

2. Network Upgrading

During the report period, extensive field-construction efforts were
made as part of a project to upgrade six single~component stations of the
University of Utah seismic network to high-quality four-component stations.
Vandal-proof vaults at all of these stations have been designed to house a
vertical-component Geotech S-13 seismometer recording on both high- and
low-gain channels, plus two matching horizontal-component S-13
seismometers. A seventh station, DUG, was upgraded to a matching six-
component station (3 high-gain and 3 low—gain) in August 1985. Vaults are
in place for 5 of the 6 four-component stations, and multicomponent digital
recording is in effect for two of the stations—plus that for station DUG.
The selected stations are spaced roughly 75-150 km apart and were chosen on
the basis of site quality and location. Three are located in abandoned
mine tunnels and the other four are buried in concrete enclosures.

The multicomponent scheme was designed to provide on-scale digital
recordings at several stations throughout the Wasatch Front area for
earthquakes of M3.0 or less, and at least two on-scale digital records at
distances less than 100 km for earthquakes of M4.0 or less. The scheme is a
relatively inexpensive one for addressing the low-dynamic-range problem of
short-period telemetry networks and allows straightforward recording with
our PDP-11/34 event-detection algorithm.

Reports and Publications

Brown, E.D., 1986, Utah earthquake activity: Wasatch Front Forum, U.S.
Geological Survey, v. 2, no. 3, p. 7.

Brown, E.D., 1986, Utah earthquake activity: Survey Notes, Utah Geological
and Mineral Survey, v. 19, no. 4, p. 6 (October-December 1985); v. 20,
no. 2, p. 8 (January-March 1986); v. 20, no. 2, p. 10 (April-June 1986).

Brown, E.D., Arabasz, W.J., Pechmann, J.C., McPherson, E., Hall, L.L.,
Oehmich, P.J., and Hathaway, G.M., 1986, Earthquake Data for the Utah
Region, January 1, 1984 to December 31, 1985: Special publication,
University of Utah Seismograph Stations, Salt Lake City, 83 p.
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Seismological Data Processing
9980-03354

Barbara Bekins and Thomas Jackson

Branch of Seismology
U.S. Geological Survey
345 Middlefield Rd. MS 977
Menlo Park, California, 94025
(415) 323-8111 ext. 2965

Investigations

Computer data processing is now an integral part of seismological research. The
purpose of this project is to provide for general purpose and specialized computer data
processing systems to meet the research computing needs of scientists in the earth-
quake prediction program and monitor earthquakes in northern California. This goal
includes providing for transfer of data and programs between computers over data net-
works and facilitating sharing of data and programs with USGS external contractors.

To meet the stated project goals, this project has responsibility for maintaining
and enhancing existing computer systems and planning and purchasing new systems.
Existing systems include a PDP 11/70 UNIX system, a VAX 750 VMS system, two
Data General Eclipse systems, a Motorola 68020 UNIX system, a VAX 785 VMS sys-
tem, and two PDP 11/44 RSX systems. These systems presently perform a variety of
functions such as digitizing of analog tapes, real-time monitoring of Northern and Cen-
tral California seismicity, and general purpose research computing. All of these sys-
tems are connected via various networking schemes including Ethernet, phone links to
other sites, and dedicated direct connections. This project is also responsible for
assessing the need for new network connections, selecting appropriate hardware, and
adding and maintaining connections.

Recent work has been focused on four main efforts. The first is enhancing per-
formance of the VAX 750 system to handle increased waveform data anticipated as a
result of the Parkfield Prediction Experiment. The second is migrating users and real-
time monitoring functions from the PDP 11/70 UNIX system to the new Integrated
Solutions Motorola 68020 UNIX system. The third is networking the VMS VAX sys-
tems and the UNIX systems on ethernet. The fourth is planning for uninterrupted data
processing and real-time monitoring while asbestos is removed from the beams in the
building.

Results

Enhancing the performance of the VAX 750 VMS system involved first monitor-
ing the system to determine the best way to improve user response time. From the
results of this monitoring a decision was made to purchase more memory, new termi-
nal port boards, and additional disk drives. The new memory has been installed and
resulted in a marked performance increase. The system now has the maximum allowed
amount of eight million bytes of memory. The new terminal ports have been delivered
and will be installed shortly. These ports are expected to provide a five percent perfor-
mance increase. New disk space totaling 1.2 billion bytes is also planned for the sys-
tem. This added space will facilitate research using digital seismic data. Finally the
ability to read in digital seismic data from an analog-to-digital converter has recently
been implemented on the system. This will provide for research using seismic traces
currently stored on analog tape.
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The migration of users and programs from the PDP 11/70 UNIX system to the
Integrated Solutions system is continuing. At this point about 50 percent of the users
and programs have been moved. The system is still performing very well under this
load with an average of three to four simultaneous users. Eventually the system must
accommodate six simultaneous users. Some questions remain about the difference
between the IEEE floating point standard and the DEC floating point format. Various
floating point test and evaluation routines have been investigated. Future plans for the
system include installing the IMSL subroutine package, the Maxima system for simpli-
fying and expanding mathematical expressions, and a laser printer.

The networking of the VMS VAX systems and the UNIX systems is nearly com-
plete. From the VAX 785, VAX 750, and the Integrated Solutions UNIX system, users
may request a connection and login via Ethernet to the other systems. File transfers
may also be requested to or from a remote machine. Future plans include adding this
capability to an IBM PC-AT and implementing an electronic mail facility which will
forward mail sent on any system to the recipient’s preferred computer system via the
Ethernet.

Planning for asbestos removal in the building has moved to high priority. Start-
ing in February, 1987, three public terminal rooms will be established using existing
terminals. Existing and new laser printers will be used for printer output. The com-
puter equipment will remain running at all times with restricted access to the com-
puter room. Operators will be trained to mount tapes and operate the existing line-
printers. Altogether Seismology Branch will require standby computing facilities for
six months.



I-1

Earthquake Prediction Experiments

In the Anza-Coyote Canyon Seismic Gap
14-08-0001-A0258

Jonathan Berger and James N. Brune
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

1. Investigations

This report covers the progress of the research investigating the Anza-Coyote Canyon
seismic gap for the period of the first half of 1986. The objectives of this research are: 1) To
study the mechanisms and seismic characteristics of small and moderate earthquakes, and 2) To
determine if there are premonitory changes in seismic observables preceeding small and
moderate earthquakes. This work is carried out in cooperation with Tom Hanks, Joe Fletcher
and Linda Haar, of the U.S. Geological Survey, Menlo Park.

2. Network Status

During the period of this report, ten stations of the Anza Seismic Network were telemeter-
ing three component data. The network was set at a low gain for most of the time of this
report to try to record earthquakes up to magnitude 4 occurring inside the array.

There were no significant modifications to the data acquisition equipment.

3. Seismicity

In the six months of winter and spring, the Anza network recorded over 50 events which
were large enou%h to locate and determine source parameters. These events had moments rang-
ing from 1X10 8 to 1.4x10% dyne-cm, and stress drops ranging from about 1 to 100 bars
(Brune model). The seismicity pattern seems unchanged from what has been observed before
(Figure 1). The seismicity does not appear to be associated with the main trace of the San
Jacinto fault on the north-west end of the array. These events in this area tend to be between
the Hot Springs fault and the San Jacinto fault at depths of 12 to 19 km. The events on the
south-east end of the array near the trifurcation of the San Jacinto fault also do not have any
obvious associations with the identified fault traces. These earthquakes are occurring at depths
between 8 and 12 km. The shallowest events are still occurring in the Cahuilla area.
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4. Data Analysis

4.1. Studies of the 30 Hz Energy of Earthquakes

During the period of this report we made observations of 30 Hz spectra of P-waves from
numerous earthquakes, covering a range of locations and magnitudes and compared these obser-
vations with various theoretical predictions, including the Archambeau (1968, 1972) stress relax-
ation model, which has been used in a recent article by Evernden et al. (1986) proposing a
method for discriminating underground nuclear explosions from earthquakes.

One of the factors of crucial importance in the Evernden et al. proposal is the shape of the
P-wave spectrum beyond the corner frequency, which is the focus of our studies. The Archam-
beau (1968, 1972) model predicts a high-frequency fall-off, beynd the corner frequency, propor-
tional to w 3. For simplicity in this paper we will refer to the model as the W3P model ((x)_3
fall-off for P-waves). This kind of a fall-off has a paradoxical result that for a given stress drop
very large earthquakes do not radiate any more high-frequency energy than small earthquakes
(my=1.8), a consequence of the fact that the low-frequency spectral level is proportional to the
cube of the source dimension, this being exactly cancelled out by the 2 fall-off from the
corner frequency (which decreasees linearly with the source dimension). In the Evernden et al.
earthquake model the » ™3 fall-off of the P-wave spectrum for earthquakes, being different from
an @~ 2 fall-off for explosionss, is proposed as acting to enhance the discrimination achievable
from the differences in P-wave corner frequencies between comparable earthquakes and explo-
sions (comparable in that they have the same low-frequency P-wave amplitudes).

The primary sources of data used in this study include events recorded on the Anza array
and events from the Mammoth Lakes swarm (Archuleta et al., 1982; Priestley et al., 1986; Pri-
estley and Brune, 1986). Because the Anza array sites are on solid rock we expect little distor-
tion due to attenuation and site effects. We also have strong motion data for two earthquakes,
a M=5.0 and a M=4.7, which occurred prior to the installation of the Anza array.

Additional data include some events recorded at Anza but occurring outside the array with
hypocentral distances of about 30-100 km, where at least four station recordings were available
to average. These off-array events were corrected for attenuation, using a ¢ of 500.

Our results are summarized in Figure 1, a plot of observations of spectral density at 30 Hz,
corrected to a distance of 10 km (hypocentral distances) and plotted as a function of moment.
The results show the €}(30) spectrum increasing linearly with moment up to about 10'? dyne-
cm. This is expected for any source model, since for moments lower than 10'° dyne-cm the
source dimensions are small compared to the wavelength for 30 Hz P-wave energy (approxi-
mately 200 meters). These small events have corner frequencies higher than 30 Hz, so {}(30)
scales with moment. For moments above about 10?° dyne-cm, the W3P model predicts the
spectral values will remain constant, whereas the data show a clear continuing increase with
moment, approximately proportional to M 01/3, as would be expected from a constant stress
drop W2P model (high-frequency fall-off for P-waves beyond the corner frequency proportional
to @ 2). Thus the data clearly indicate that large earthquakes (Mg >10%! dyne-cm) radiate
much more 30-Hz energy than small earthquakes (My=10%® dyne-cm).

11
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Central Aleutian Islands Seismic Network

Agreement No. 14-08-0001-A0259

Selena Billington and Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309

(303) 492-6042

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network consists of 13 high-gain, high-frequency,
two-component seismic systems and one six-component system (ADK)
located at the Adak Naval Base. Station ADK has been in operation since
the mid-1960s; nine of the additional stations were installed in 1974, three in
1975, and one each in 1976 and 1977.

Data from the stations are FM-telemetered to recording sites near the
Naval Base, and are then transferred by cable to the Observatory on the
Base. Data were originally recorded by Develocorder on 16 mm film; since
1980 the film recordings are back-up and the primary form of data recording
has been on analog magnetic tape. The tapes are mailed to CIRES once a
week.

At CIRES the analog tapes are played back at four-times the speed at
which they were recorded into a computer which digitizes the data, automati-
cally detects events, and writes an initial digital event tape. This tape is
edited to eliminate spurious triggers, and a demultiplexed tape containing
only seismic events is created. All subsequent processing is done on this tape.
Times of arrival and wave amplitudes are read from an interactive graphics
display terminal. The earthquakes are located using a program developed for
this project by E. R. Engdahl, which uses corrections to the arrival times
which are a function of the station and the source region of the earthquake.

Data Annotations
A major earthquake (MS 7.6) occurred immediately to the east of the

network coverage area on May 7, 1986 (at 22:47). A discussion of the predic-
tion of that earthquake and subsequent investigations to date is published
under the report for Grant No. 14-08-0001-G1099 (Kisslinger) elsewhere in
this issue. Hundreds of aftershocks of that earthquake occurred within the
network coverage area. At the time of this writing, the local catalog of hypo-
centers is still incomplete for the immediate time period following the
mainshock. However, several hundred hypocenters have been located so far
in the area of network coverage during the first 24 hours after the mainshock.
This report will cover the time period of January through May 8, 1986,
although we are still in the process of locating aftershocks which occurred on
May 8.
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The network was serviced from mid-July through September, 1986.
Because of major logistic problems, two of the westernmost stations could not
be reached at that time, and we were also unable to make a needed return
trip to one other far-west station. Of the 28 short-period vertical and hor-
izontal components, 21 were operating for most of the period of January
through May 8, 1986. Near the end of the time period being reported, AD3
and AD5 were intermittent. By the end of the 1986 summer field trip to
Adak, 23 of the 28 components were operating (AK2z, AK5h, AD3 and AD5
having been brought back up).

Current Observations

372 earthquakes have been located so far with data from the network
during the time period from January through May 8, 1986. Of these, 157
occurred between January 1 and the time (20:43) of the Mg 6.0 foreshock of
the May 7 mainshock, and 215 are the aftershocks to these two events located
to date. Epicenters of all these events are shown in Figure 1 and a vertical
cross-section is given in Figure 2. So far, 19 of the events located with data
from the Adak network in this time period were large enough to be located
teleseismically (USGS PDEs), of which 16 occurred on May 7 and May 8 and
are foreshocks and aftershocks to the May 7 earthquake. A number of other
teleseismically located aftershocks within the network region are difficult for
us to locate due to their arrivals being masked by the codas of other aft-
ershocks. Work on locating these and other earthquakes on May 8 continues.
No attempt is being made to locate aftershocks with duration magnitudes
(mg) of less than 2.3.

More detailed information about the network status and a catalog of the
hypocenters determined for the time period reported here are included in our
semi-annual data report to the U.S.G.S. Recent research using these data is
reported in the Technical Summary for U.S.G.S. Grant No. 14-08-0001-
G1099.
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Figure 1: Map of seismicity which occurred from January 1 through May 8,
1986. All epicenters were determined from Adak network data. Events
marked with squares are those for which a teleseismic body-wave magnitude
has been determined by the USGS; all other events are shown by symbols
which indicate the duration magnitude determined from Adak network data.
The islands mapped (from Tanaga on the west to Great Sitkin on the east)
indicate the geographic extent of the Adak seismic network.
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Figure 2: Vertical cross section of seismicity which occurred from January 1
through May 8, 1986. Events are projected according to their depth
(corresponding roughly to vertical on the plot) and distance from the pole of
the Aleutian volcanic line. The zero-point for the distance scale marked on
the roughly-horizontal axis of the plot is arbitrary. Events marked with
squares are those for which a teleseismic body-wave magnitude has been
determined by the USGS; all other events are shown by symbols which indi-
cate the duration magnitude determined from Adak network data. The irreg-
ular curve near the top of the section is bathymetry.
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Regional Seismic Monitoring in Western Washington
14-08-0001-A0266

R.S. Crosson and S.D. Malone
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

Operation of the western Washington regional seismograph network and routine preliminary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly
catalogs of seismic activity in Washington and Northern Oregon are available for 1984, 1985, and
the first two quarters of 1986. These catalogs are funded jointly by this contract and others. The
University of Washington operates approximately 80 stations west of 120.5° W. Twenty eight are
funded under this contract including a new station, CMW (Cultus Mountains), installed in the
Skagit Valley in June 1986.

Data are provided for USGS contract 14-08-0001-G1080 and other research programs.
Efforts under this contract are closely related to and overlap objectives under contract G1080,
also summarized in this volume. Publications are listed in the G1080 summary. This summary
covers a six month period from April 1, 1986 through September 30, 1986. During this period the
U.W. seismic network located 738 events west of 120.5°W. Only 415 events were located during
the preceding six months. This increase was due to seismicity associated with the extrusion of a
new lobe at Mt. St. Helens in May. Excluding Mt. St. Helens, 315 earthquakes were located west
of 120.5° W, compared to 309 in the preceding six months. The dome building eruption took
place between May 3 and May 20. During the six months covered by this summary, the largest
earthquake located in western Washington was a M 3.5, which occurred on July 8, at 60 km
depth, about 20 km south of Anacortes near the Saratoga Passage. This earthquake had a focal
mechanism indicating normal faulting; it was also the deepest earthquake located in Washington
during the summary period.
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Central California Network Operations
9930-01891

Wes Hall
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2509

Investigations

Maintenance and recording of 324 seismograph stations (393 compomnents) located
in Northern and Central California. Also recording 71 components from other
agencies. The area covered is from the Oregon border south to Santa Maria.

Results

1'

Modified and installed one hundred-nine (208) VCO/AMPS for greater
frequency stability; temperature stability; and dynamic range.
114 ea J302M to J302ML

1l ea J402 to J402ML

80 ea J402 to J4O02H

13 ea J502

Installed two way microwave data channel to Department of Water Resources
(DWR) via Corps of Engineers Microwave System.

Established two way microwave voice channel to Hog Canyon (PHO) and Car
Hill (PCH). This aids communication between USGS personnel in the
Parkfield area and Menlo Park.

Install base for new microwave tower at Mt. Tamalpais.
Install 3-component FBA units at PMM, PHO, PCH.

Reduce number of develocorders from five(5) to three(3).
Compile data base consisting of the following items.

a) discriminator number
b) station ID

c) VCO freq and type

d) radio info

e) signal pair

£) CuUsp

g) RTP/PRO

h) tape channel

i) discriminator type

This data base is sorted by items a, b, e, £, g, and h.

8.

9.

Compile data base of Telco drop locatioms.

Ordered parts for 250 ea., J502A VCO/AMPS.
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ALASKA SEISMIC STUDIES
9930-01162

John C. Lahr, Christopher D. Stephens, Robert A. Page
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2510

Investigations

1) Continued collection and analysis of data from the high-gain, short-period
seismograph network extending across southern Alaska from the volcanic arc
west of Cook Inlet to Yakutat Bay, and inland across the Chugach mountains.

2) Continued monitoring in the region of the proposed Bradley Lake
hydroelectric project on the southern Kenai Peninsula, a cooperative effort
with the Alaska Power Authority.

3) Cooperated with the Branch of Engineering Seismology and Geology in
operating 19 strong-motion accelerographs in southern Alaska, including 13
between Icy Bay and Cordova in the area of the Yakataga seismic gap.

Results

1) During the past six months preliminary hypocenters have been determined for
1353 earthquakes that occurred between February and July, 1986 (Figure 1).
This total is nearly 400 lower than for the previous six month period, but
this decrease most likely results from two systematic changes: a higher
detection threshold in the eastern part of the network due to reduced
telemetry capacity and to telemetry failures, and, beginning in May,
relaxation of criteria to preferentially include small (duration magnitude,
Mp < 2) shocks occurring along the Castle Mountain fault and beneath western
Prince William Sound. Fifteen shocks have magnitudes of at least 4.0 mp,

and the largest has a magnitude of 4.9 my. A1l but one of these larger
shocks occurred at depths of 50 km or greater within the Wadati-Benioff zone
of the subducted Pacific plate beneath the Cook Inlet area. The other larger
event has a magnitude of 4.7 my and was located at shallow depth (above 30
km) within the aftershock zone of the 1979 St. Elias earthquake near the
U.S.-Canada border northeast of Icy Bay.

Earthquakes located shallower than 30 km (Figure 2) along the volcanic arc
west of Cook Inlet, along and north of the Castle Mountain fault system,
beneath northern Cook Inlet, along the Denali fault system, and beneath the
Wrangell volcanoes clearly represent crustal activity within the overthrust
North American plate. Two unusual swarms of crustal seismicity occurred in
June and July at nearly identical locations about 10 km south of Talkeetna
near 62.25°N, 150.25°W. For the June sequence, seven shocks of at least 1.9
Mp were located, the largest being 3.0 Mp. In July, seven shocks ranging
in magnitude from 2.0 to 3.2 Mp were located. The four largest shocks from
these swarms were also felt at Talkeetna. From August 28 to September 10,
four event-triggered seismic recorders (ELOG's) were deployed in the
epicentral area of the Talkeetna seismicity in an effort to obtain better
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hypocenter control for any continuing activity. The records obtained from
this experiment are currently being analyzed, but at least six nearby
earthquakes triggered three or more stations.

Relatively few earthquakes associated with the March 27 and later eruptions of
Augustine volcano in southern Cook Inlet (Figure 2) were detected by stations
of the USGS seismograph network. Only one event near Augustine, a magnitude 2
Mp shock that occurred on March 26, was large enough to be located by the
regional network. This is in marked contrast to the 1976 eruptive episode in
which the initial eruption was accompanied by an energetic earthquake swarm
including over 250 events with magnitudes between 2.0 and 2.5 (Reeder and
Lahr, in press). The epicenter for the one located event from 1986 determined
using only regional stations was about 10 km southwest of the volcano, but the
addition of readings from seismographs operated by the Geophysical Institute
of the University of Alaska on the volcano moved the location to a few
kilometers below the volcano. Tremor from major eruptive episodes of the
volcano was detected at the closest regional stations.

Beneath Prince William Sound and in adjacent areas extending eastward to
Yakutat Bay most of the shallow earthquakes probably occur either within the
subducted Pacific plate or along the thrust interface between the Pacific and
North American plates. The area between eastern Prince William Sound and Icy
Bay includes the Yakataga seismic gap. Although the distribution of shallow
seismicity across the network is highly non-uniform, principal features in the
spatial pattern have remained remarkably stable for at least the past seven
years and no unusual deviations from this pattern were observed during the
past six-month period.

2) Velocity models derived from TACT (Trans-Alaska Crustal Transect) seismic-
refraction profiles in southern Alaska are being used in the relocation of
earthquakes recorded by the southern Alaska regional seismograph network.
Redetermined hypocenters of 14 well-recorded earthquakes (0.8 < Mp < 2.5)
occurring beneath the Chugach Mountains along the Richardson Highway near
61.25°N, 145,25°W fall into two groups. Three of the shocks are shallower
than 10 km and 1ie within the thin accreted Chugach terrane. The remaining
events range in depth from 29 to 44 km and belong to the regional NNE-dipping
Wadati-Benioff zone associated with the Wrangell Mountains. Modeling of
seismic-refraction data indicates the presence of four north-dipping paired
layers of low and high (> 7.6 km/sec) seismic velocities beneath the Chugach
terrane. These paired Yayers, or duplexes, possibly correspond to sections of
subducted oceanic crust and upper mantle. The deeper group of shocks lies
within the deepest of the four pairs, or duplexes. This observation suggests
that the deepest duplex was subducted most recently and that the three
overlying duplexes were emplaced earlier.

Single-event and composite focal-mechanism solutions for the Wadati-Benioff
zone shocks indicate a diversity of fault types and orientations; however,
strike-s1ip faulting, often with a component of thrusting, seems to dominate.
This faulting is characterized by horizontal north-south P axes and
subhorizontal-to-moderately-eastward-dipping T axes.

3) An improved model for the velocity structure of the crust beneath the
southern Kenai Peninsula was developed using P- and S- phases recorded from
regional crustal and Wadati-Benioff zone earthquakes and from quarry
explosions. Wadati diagrams of S- versus P-arrival times indicate that the
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Vp/Vs ratio in the upper crust is about 1.73, significantly lower than the
previously assumed value of 1.78. Interval velocities of P-waves across the
Bradley Lake sub-array were used to infer a velocity of close to 6.0 km/sec in
upper crust, although data from quarry blasts indicate a velocity of about 4.5
km/sec in the upper few kilometers below the surface. Pronounced S-to-P
converted phases from Wadati-Benioff zone earthquakes below 35 km depth and
from crustal events at about 20 to 25 km depth suggest the presence of a major
velocity discontinuity at about 15 km depth. Additional evidence for this
feature comes from apparent P- and S-wave reflections observed from quarry
blasts and from shallow earthquake sources above the inferred discontinuity.
It is interesting to note that Fisher and others (1983) also identified a
pronounced reflector at about 15 km depth from marine seismic reflection
profiling southwest of the southern Kenai Peninsula along strike of the
regional tectonic trends. There is as yet insufficent evidence to determine
if the same or similar structures are responsible for the seismic signals
observed from the two areas, but Byrne (1986) interprets the marine reflection
data as possible evidence for the presence of an underplated Eocene
sedimentary sequence that may extend from at least Kodiak Island to the Kenai
Peninsula. Hypocenters of crustal earthquakes determined using the revised
velocity model are more tightly clustered than when the standard model is
used, and the average RMS residual for the events is decreased from about 0.33
to 0.15 sec. Most of the crustal activity is located at depths shallower than
about 15 km, although in a few areas well-recorded crustal events are located
as deep as 25 km. The distribution of revised hypocenter locations still
shows no strong correlation with mapped fault traces.

4) In addition to the routine maintenance of the seismic network, several
improvements were made to the instrumentation. These changes include the
installation of solar panels at two additional sites, the addition of high-
dynamic range (90 dB) gain-ranging amplifier cards to the A1VCO
amplifier/oscillator unit (Rogers, 1986) at twelve more sites, and the
addition of a charging circuit to another SMA-1 strong-motion accelerograph
co-located with a high-gain seismograph station. None of the strong-motion
recorders was triggered by an earthquake during the past year.
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Seismic Data Library
9930-01501

W. H. K. Lee
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2630

This is a non-researech project and its main objective 1s to provide
access of seismic data to the seismological community. This Seismic Data
Library was started by Jack Pfluke at the Earthquake Mechanism Laboratory
before it was merged with the Geological Survey. Over the past ten years, we
have built up one of the world's largest collections of seismograms (almost
all of them on microfilm) and related materials. Our collection includes
approximately 4.5 million WWNSS seismograms (1962 - present), 1 million USGS
local earthquake seismograms (1966-1979), 0.5 million historical seismograms
(1900-1962), and 20,000 earthquake bulletins, reports and reprints.

Early this year, we recieved about 3,500 magnetic tapes containing a
complete set of digital waveform data of the Global Digital Seismic Network.
These are the so called "Date Tapes". With support from Professor Robert
Kovach of Stanford University, these tapes were labelled and set up for any
one who wishes to borrow them.
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Northern and Central California Seismic Network Processing
9930-01160

Fredrick W. Lester
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road M/S 977
Menlo Park, California 94025
(415) 323-8111, ext. 2149

Investigations

1. In 1966 a seismographic network was established by the USGS to monitor
earthquakes in central California. In the following years the network
was expanded to monitor earthquakes in most of northern and central
California, particularly along the San Andreas Fault, from the Oregon
border to Santa Maria. In its present configuration there are over
350 single and multiple component stations in the network. There is a
similar network in southern California. From about 1969 to 1984 the
primary responsibility of this project was to manually monitor,
process, analyze, and catalog the data recorded from this network. In
1984 a more efficient and automatic computer-based monitoring and
processing system (CUSP) began online operation, gradually replacing
most of the manual operations previously performed by this project.
For a more complete description of the CUSP system see the project
description "Consolidated Digital Recording and Analysis"” by S. W.
Stewart.

Since the introduction of the CUSP system the responsibilities of this
project have changed considerably. The main focus of the project now
is that of finalizing and publishing preliminary network data from the
years 1978 through 1984. We also continue to manually scan network
seismograms as back-up event detection for the CUSP system and
supplement the CUSP data base with data from the back-up magnetic
tapes that were detected only visually or by the other automatic
detection system (RTP). Project personnel also act as back—up for the
processing staff in the CUSP project. As time permits some research
projects are underway on some of the more interesting or unusual
events or sequences of earthquakes that have occurred within the
network.

This project continues to maintain a data base for the years 1969 -
present on both a computer and magnetic tapes for those interested in
research on the network seismic data. As soon as the older data are
finalized they are exchanged for the preliminary data existing in the
data base.

Results
1. Figure 1 illustrates the more than 13000 earthquakes located by this

office for northern and central California during the time period
April through September 1986. The largest earthquake during that time
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was a magnitude 6.5 shock that occurred on July 21. This earthquake
was located approximately 20 km north of Bishop, California in
Chalfant Valley. It was accompanied by a M6.0 foreshock on July 20
and many hundreds of aftershocks, three of which were magnitude 5 or
larger.

Final processing of data for the second half of the calendar year 1982
is complete and those data are ready for publication. Work is
currently underway on the final processing of data for the areas
around Lake Shasta, Mt. Shasta, and Lassen Volcanic National Park.
Some of these data are very preliminary and need extensive
reprocessing and analysis, but it is expected that this work will be
completed by late 1986 or early 1987. Final processing of the second
half of 1978 and all of 1983 is progressing and will be complete in
1987. (see item 3)

Since this summer this project has been involved in a combined effort
with personnel from many different projects. The first purpose of
this group endeavor is to collect all available seismic data
pertaining to the more than 150,000 earthquakes that the USGS has
located in northern and central California, mainly from 1969 to the
present. Those data will then be combined, checked for errors and
omissions, reprocessed as necessary, and finalized for publication.
It is estimated that this job will take at least one year, which is
much less time that would be necessary for this project alone.
Personnel in this project will be responsible for coordinating much of
this group effort.

For the time period April 1986 - September 1986 there were an average
of 4 to 6 events per day missed by the CUSP automatic detection
system. These were added to the existing CUSP data base from the
back—-up magnetic tape and processed using standard CUSP processing
techniques. Most of the earthquakes that were missed occurred in
northern California, north of latitude 39 degrees. This is a
particular problem in the north because of telemetry noise that exists
on those circuits. To avoid producing an abnormally large number of
false triggers in the detection system the trigger thresholds are
often set higher than normal and therefore some of the real events are
missed.

Steve Walter is currently investigating some unusual low frequency
events that he has detected in Lassen Volcanic National Park over the
last four years. Most of these are deep events, focal depths between
15 and 20 kilometers, and most are concentrated west of Lassen Peak.
These events are of interest because they resemble events seen in
other volcanic regions, particularly Hawaii, that have been associated
with magma transport. Results of this investigation will be presented
at the Fall AGU meeting in San Francisco.

Quarterly reports were prepared on seismic activity around Warm
Springs Dam, the Auburn Dam site and, New Melones Dam for the
appropriate funding agencies. Quarterly reports on seismic activity
in the Mount Shasta area and in Lassen Volcanic National Park were
also prepared and distributed to interested agencies and individuals.
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Walter, S. R., 1986, Long period earthquakes at Lassen Peak - evidence for
magma movement, (abs.), submitted the AGU FAll meeting.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

William V. Stauder and Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.O. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity in the Central Mississippi Valley
Seismic zone, in which the large 1811-1812 New Madrid earthquakes occurred. The following sec-
tion gives a summary of network observations during the first six months of the year 1986.

Results

In the first six months of 1986, 107 earthquakes were located and 29 other nonlocatable
earthquakes were detected by the 42 station regional telemetered microearthquake network
operated by Saint Louis University for the U. S. Geological Survey and the Nuclear Regulatory
Commission. Figure 1 shows 74 earthquakes located within a 4° x 5° region centered on 36.5 °N
and 89.5°W. Seismograph stations are denoted by triangles and are labeled by the station code.
The magnitudes are indicated by the size of the open symbols. Figure 2 shows the locations and
magnitudes of 58 earthquakes located within a 1.5° x 1.5° region centered at 36.25°N and
89.75° W. Figures 3 and 4 are similar to Figures 1 and 2, but the epicenter symbols (squares) are
scaled to focal depth.

In the first six months of 1986, 106 teleseisms were recorded by the PDP 11/34 microcom-
puter. Epicentral coordinates were determined by assuming a plane wave front propagating across
the network and using travel-time curves to determine back azimuth and slowness, and by assum-
ing a focal depth of 15 kilometers using spherical geometry. Arrival-time information for telese-
ismic P and PkP phases has been published in the quarterly earthquake bulletin.

The significant earthquakes occurring in the first six months of 1986 include the following:

1. 31 January 1986, UTC 1646, 41.41° N, 81.25°W: large enough to warrant an aftershock
study by network personnel. Four MEQ 800 recorders were deployed within 12 hours after
the main shock and remained in operation for 60 hours. Felt (VI) in Painesville-Mentor, Ohio
area. Felt throughout most of Ohio and parts of Illinois, Indiana, Kentucky, Michigan, New
York, Pennsylvania, West Virginia, and Ontario, Canada. Some additional states with only a

few felt reports included Delaware, Maryland, New Jersey, Virginia, Wisconsin, and the Dis-
trict of Columbia. mp,(10Hz) = 4.9(SLM), m;, = 5.0(NEIS).

2. 13 February 1986, UTC 1135, 34.81° N, 82.94 ° W: felt (IV) at Liberty, Six Mile, and West
Union, North Carolina. Felt (IV) at Lavonia, Georgia. Felt (III) at Highlands, Henderson-
ville, North Carolina and Franklin Springs, Georgia. mp,(10Hz) = 3.0(SLM), my;, =
3.5(NEIS), mp = 3.5(TEIC).
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3. 24 May 1986, UTC 0815, 35.22° N, 92.22°W: felt (V) at Enola, Arkansas. my,(10Hz) =
3.2(SLM), my, (3Hz) = 3.2<FVMZ>, mp = 3.2(TEIC).

4. 24 May 1986, UTC 1248, 36.58° N, 89.88° W: felt (IV) at Bernie, Broseley, Campbell, Mal-
den, Parma, Portageville, and Risco, Missouri. Felt (Ill) at Canalou, Catron, Dudley,
Kewanee, New Madrid, Steele, and Tallapoosa. Also felt (III) at Pollard, Arkansas and Tip-
tonville, Tennessee. my,(10Hz) = 3.4(SLM), m;,(3Hz) = 3.4<FVMZ>, m; = 3.5(TEIC),
mbLa == 3.4(NEIS).
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Consolidated Digital Recording and Analysis

9930-03412

Sam W. Stewart
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - M/S 977
Menlo Park, California 94025
(415) 323-8111 Ext. 2577

Investigations

The goal is to operate, on a routine and reliable basis, a
computer—automated system that will detect and process earthquakes
occurring within the USGS Central California Earthquake Network (also
known as CALNET). Presently, the output from more than 460 short—period
seismic stations is telemetered to a central recording point in Menlo
Park, California. Two DEC PDP11/44 computers, and a VAX/750, are used on
this project. The 11/44A is dedicated to the task on online, realtime
detection of earthquakes and storing the waveforms for later analysis.
The 11/44B is used for offline processing and archiving of earthquakes.
Both computers have a 512 channel analog-to-digital converter, so the
11/44B can serve as backup to the online system whenever necessary. (One
of the a/d converters can be connected to the VAX/750 computer as well, to
be used both for Calnet realtime monitoring experiments, and for offline
digitizing from analog magentic tapes.) The two 11/44 computers
communicate with each other via a simple digital-bit I/0 "semaphore”
system, and transfer large amounts of data via a dual-ported disk
subsystem or a dual-ported magnetic tape subsystem.

The VAX/750 is a general purpose computer used by the Branch of
Seismology. We use it as the primary "research" computer for the CUSP
system. It holds the primary data base of earthquake summary data and
phase card data, which is available for research purposes. We update and
maintain the CALNET data on this computer.

Both 11/44 computers use the RSX1IM-PLUS (v2.1) operating system. The
VAX/750 uses the DEC VMS operating system. Software has been developed
largely by Carl Johnson in Pasadena, but with considerable modification by
Peter Johnson, Bob Dollar and Sam Stewart, to meet Menlo Park's specific
needs. Our applications are all written in Fortran-77, but with heavy use
of system functions unique to the RSX or VMS operating systems.

Results
1. During the period April 1986 thru September 1986 approximately 13200

events were processed through the CUSP system. This includes 11600 events
that were classified as 'LOCAL' events, i.e., they occurred within or near
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enough to the network that hypocenters were calculated and the data
entered into the catalogs. The remaining 1600 events were either regional
or teleseismic events, or unprocessed copies of local events that were too
small (magnitude less than 1.0) to be timed.

In addition, a few thousand non—-seismic noise events detected by the
online 11/44A computer had to be examined and deleted. Considering only
the seismic events, this projects to an annual rate of processing about
26400 events per year.

The magnitude 6.5 Chalfant Valley, California earthquake of July 20,
1986 produced an enormous number of online detections of aftershocks. We
estimate about 1250 detections remain to be processed. Because each
detection may contain several timeable aftershocks, there may be 2500 or
more events remaining to be timed and located.

2. The VAX/750 system is now able to do all the CUSP offline timing and
processing that formerly was done only on the 11/44B system. This is
significant in that (1) the VAX can serve as a backup CUSP processor to
the routine Calnet processing done on the 11/44B; (2) very long online
detections can be processed directly on the VAX/750, eliminating the need
for special, time-consuming treatment of these long detections on the
11/44B; (3) other researchers can retrieve archived waveform data and
carry out special studies in a CUSP environment, using the superior
facilities of the VAX/VMS system; (4) other networks (e.g. Alaska) can
begin processing their event data using the CUSP system (5) other VAX/VMS
systems (e.g. microvax-1ll) can use the CUSP system with little or no
modification.

3. The VAX/VMS system is not able to do digitizing from analog magnetic
tapes, working in a CUSP environment. The interfacing and digitizing
software was done largely by Bob Dollar, with help from Peter Johnson and
Tom Jackson. Currently the digitizing system works with either daily
telemetry tapes or our dubbed event tapes. Forty channels are digitized
at a tape rate of 100 samples/second. Because the tape is being played
back at 16x realtime, this corresponds to a real digitizing rate of 64000
samples/second. By camparison, the realtime 11/44A system runs at about
50000 samples/second. This digitizing system replaces the ECLIPSE system,
which served well for many years.

Regorts
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001- 21919

John Taber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain origin times,
hypocenters, and magnitudes for local and regional events. The processing resulted in files of
hypocenter solutions and phase data, and archive tapes of digital data. These files are used for
the analysis of possible earthquake precursors, seismic hazard evaluation, and studies of
regional tectonics and volcanicity (see Analysis Report, this volume). A yearly bulletin is
available for 1984 and 1985 data.

Results

The Shumagin network was used to locate 344 earthquakes in the first half of 1986. The
seismicity of the Shumagin Islands region for this time period is shown in map view and cross
section in figure 1. The largest event in this period had a magnitude of 4.5 and was located
over the main thrust zone at a depth of 4.5 km. A magnitude 4.1 earthquake occurred at a
depth of 201 km. This was the first deep event larger than magnitude 4 since 1981. Otherwise
the overall pattern over this time period is similar to the long term seismicity. Concentrations
of events occur at the base of the main thrust zone and in the shallow crust directly above it.
The continuation of the thrust zone towards the trench is poorly defined. West of the network
(which ends at 163°) the seismicity is more diffuse in map view. Below the base of the main
thrust zone (45 km) the dip of the Benioff zone steepens. Part of the double plane of the
lower Benioff zone is evident near 100 km depth.

The yearly network servicing was successfully completed in July and August. The net-
work is capable of digitally recording and locating events as small as Ml = 0.4 with uniform
coverage at the 2.0 level. Onscale recording is possible to “Ms=6.5 on a telemetered 3 com-
ponent force-balance accelerometer. Larger events are recorded by one digitally recording
accelerometer and on photographic film by 12 strong-motion accelerometers.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0264

Ta-1iang Teng
Thomas L. Henyey
Egill Hauksson

Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-6124

INVESTIGATIONS

(1)

(2)

Monitor earthquake activity in the Los Angeles Basin and the adjacent
offshore area.

Upgrade remote field stations. One new field station has been installed
in the eastern Los Angeles basin. The microprocessor-based Optimal
Telemetry System has been deployed for field testing at three seismic
stations.

RESULTS

(1)

(2)

The earthquake activity that occurred in the Los Angeles basin and the
southern California coastal zone during January-September 1986 is shown
in Figure 1. The seismicity rate is similar to the rate that was
recorded during the previous three years. The earthquake activity in the
Los Angeles basin is characterized by single shocks that are scattered
throughout the region. Several spatial clusters are observed in the
monitoring region. Clusters of seismicity are observed at the northern
segments of both the Newport-Inglewood fault as well as the Palos Verdes
fault during January-September 1986. The adjacent offshore area in Santa
Monica Bay is also characterized by a moderate level of seismic activity.
A cluster of earthquakes is observed on the Palos Verdes fault in the
City of Torrence. The largest earthquake to occur within the Los Angeles
basin had a magnitude of 3.7 and was located in Santa Ana, just east of
the City of Long Beach. In summary, although the January-September 1986
seismicity in the southern California coastal zone and the Los Angeles
basin is characterized by several spatial clusters of seismicity, the
overall level of activity is moderate to low as compared with other
regions of southern California.

A mainshock of M =5.4 occurred 45km southwest of Oceanside on July 13th
13h 47m (U.T.C.). The mainshock was followed by an extensive aftershock
sequence (Figure 2). The epicenters of the mainshock and aftershocks are
located near the northern end of the San Diego Trough, just to the east
of the Thirtymile Bank. Although the epicentral locations are still
preliminary, this sequence appears to be associated with the East Santa
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Cruz Basin fault system rather than the Newport-Inglewood-Coronado Bank
fault system. The preliminary single event, lower hemisphere local
mechanisms shown in Figure 3 indicate that the faulting associated with
this sequence is either strike slip or thrust or possibly a mixture of
both. Teleseismic data show a thrust mechanism for the mainshock
(similar to the mechanism in Figure 3C) (J. Nabelek, pers. comm. 1986).
The difference between the short period first motion mechanism and the
teleseismic mechanism can possibly be resolved by adding first notions
from stations located in southern Baja in Mexico. If the teleseismic
mechanism is correct this sequence will provide important new constraints
on the velocity structure of the California Continental Borderland.
Oceanside aftershocks are still occurring (in October, 1986) thought at a
decreasing rate (see Figure 3D).

(3) A new seismograph station (FLA) was installed in a 1400ft deep borehole
in the City of Fullerton in Orange County. The station that began
operating in September 1986 is located adjacent to the Norwalk fault and
fills an important gap in the station distribution in the eastern Los
Angeles basin.

A second generation of the optimal telemetry system (0OTS) is currently
being designed and built. The front-end anti-aliasing filters have been
upgraded to 7 poles. To minimize electronic noise the microprocessor has
been placed on a separate circuit board. The design goals are to achieve
a background noise level of 1 mV or less. Field testing of the new 0TS
is planned to begin in December 1986.

REPORTS
Hauksson, E., T. L. Teng, T. L. Henyey, J. K. McRaney, L. Hsu, M. Robertson
and G. Saldivar, Earthquake Hazard Research in the Los Angeles Basin and Its

Offshore Area, U.S.C. Technical Report #86-1, February 1986.

Teng, T. L. and M. Hsu, A Seismic Telemetry System of Large Dynamic Range,
Bull. Seism. Soc. Amer., 76, 1461-1471, 1986.

Hauksson, E. and G. Saldivar, The 1930 Santa Monica and the 1979 Malibu,
California, Earthquakes, to appear in BSSA, December 1986.

Hauksson, E., Seismotectonics of the Newport-Inglewood fault zone in the Los
Angeles Basin, Southern California, in press BSSA, 1987.

Hauksson, E., T. L. Teng and T. L. Henyey, Near-Surface Attenuation of
Waveforms of Local Earthquakes: Results from a 1500 m Deep Downhole
Seismometer Array, submitted to fall AGU meeting 1986.

Saldivar, G. V., E. Hauksson and T. L. Teng, Seismotectonics of the Santa

Monica and Palos Verdes Fault Systems in the Santa Monica Bay, Southern
California, submitted to fall AGU meeting 1986.
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Data Processing Center Operations

9930-01499

John Van Schaack
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road- Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2584

Investigations

This project has the general housekeeping, maintenance and management
authority over the Earthquake Prediction Data Processing Center. Its
specific responsibilities include:

Results

Day to day operation and performance quality assurance of 5 network
magnetic tape recorders.

Day to day management, operation, maintenance, and performance
quality assurance of 2 analog tape playback stations.

Day to day management, operation, maintenance and performance
quality assurance of the U.S.G.S. telemetered seismic network event
library tape dubbing facility (for California, Alaska, and Hawaii).
Projection of usage of critical supplies, replacement parts, etc.,
maintenance of accurate inventories of supplies and parts on hand,
uninterrupted operation of the Data Processing Center.

Procedures and staff for fulfilling assigned responsibilities have been
developed and the Data Processing Center 1is operating smoothly and serving a
large variety of scientific user projects.
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Field Experiment Operations
9930-01170

John Yan Schaack
Branch of Seismology
U. 8. Geolegical Survey
345 Middlefield Road MS-977
Menlo Park, California 94023
(415) 323-8111, ext. 2584

Investigations

This project performs a broad range of management, maintenance,
field operation, and record keeping tasks in support of seismology and
tectonophysics networks and field experiments. Seismic field systems
that it maintains in a state of readiness and deploiys and operates in
the field (in cooperation with user projects) include: R
a. S~-day recorder portable seismic systems.

b. "Cassette” seismic refraction systems.
c. Portable digital event recorders.
d. SmoKed paper recorder portable seismic systems

This project is responsible for obtaining the required permits
from private landowners and public agencies for installation and
operation of network sensors and for the conduct of a variety of field
experiments including seismic refraction profiling, aftershock
recording, teleseism P-delay studies, volcano monitoring, etc.

This project also has the responsibility for managing all radio
telemetry frequency authorizations for the Office of Earthquakes,
“Jolcanoes, and Engineering and its contractors.

-

Results

Seismic Refraction

One hundred twenty seismic cassette recorders were used in the
PASSCAL experiment in Central Nevada in July 1984.. This experiment
was conducted in cooperation with a number of Universities and the U.
S. Air Force. Two profiles were shot. One profile extended from
Winnemucca to Fallon and the other from Gerlach to Austin.

Telemetry Networks .

The telemetry networKs have remained constant for the last é
months except for the Parkfield area. We have installed 4 telemetered
Force Balance Accelerometers near Parkfield with sensitivities ranging
from .02G full scale to 2.0G full scale. We are presently in the
process of installing &6 more FBAs in the same general area. All of
these sensors will be monitored by the CUSP and RTP automatic
earthquake detection systems in Menlo Park.




Portable Networks

Six 5-Day recorders were deployed near Palm Springs CA to record
aftershocks of the M 5.9 earthquake there this Spring. These
recorders were then immediately deployed North of Bishop to record
aftershocks of the Chalfant Valley earthquake of July 1984, At the
same time 3 seismic telemetry stations were installed North of Bishop
and the data telemetered to Menlo Park, CA.
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Characteristics of Active Faults
9950-03870

R. C. Bucknam
Branch of Geologic Risk Assessment
U.S. Geological Survey
Box 25046, MS966, Denver Federal Center
Denver, CO 80225
(303) 2361604

Investigations
Fault-scarp degradation studies—--Lost River Range, Idaho
Results

As part of a general study to associate variations in the rate of modification
of the free face of fault scarps with lithologic and other site-specific
variables, I have begun photogrammetric documentation of the modification of
scarps formed by the 1983 Borak Peak, Idaho, earthquake. Three sets of
approximately horizontal close-range photographs have been taken at a site on
the fault scarp. The photographs were taken in October 1985, May 1986, and
September 1986 with a calibrated mapping camera at a distance of about 5 m
from the scarp. Coordinates of series of targets distributed across the scarp
face, determined by triangulation with a theodolite from a stable, permanent
baseline, provide controls for the photogrammetric models. Using an
analytical stereo plotter, photogrammetric compilation has been done by Frank
Schafer (Branch of Astrogeology, Flagstaff) in collaboration with Sherman

Wu. Residuals determined with the stereo plotter for the coordinates of the
control targets after absolute orientation of the model are generally several
millimeters; thus, resolution of changes in scarp morphology is probably
considerably better than 1 cm.

Profiles of the scarp, spaced at 20-cm intervals, were drawn directly from the
photogrammetric models along a 5-m-long interval of scarp for each of the
three sets of photographs. Two representative profiles are shown on figure

1. The solid line shows the profile of the scarp at the time of the first
photographs in October 1985. The dashed line shows the profile of the scarp
at the times of the May 1986 photographs and the September 1986 photographs.
Changes in the scarp profile between May and September are typically less than
2 mm (about the width of the line in the figure) and are too small to show at
this scale. The average retreat of the scarp face between 17 October 1985 and
23 September 1986 was 4.5 cm (Profile U4) and 3.0 em (Profile 11). Nearly all
of the observed scarp retreat occurred between 17 October 1985 and 5 May

1986. These observations suggest possible seasonal control of scarp
degradation with the most rapid retreat occurring during a period with freeze-
thaw cycles and of presumably relatively high ground moisture.
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in the Circum-Pacific Region

9600-98700

George L. Choy
Stuart P, Nishenko
William Spence
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 967
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(303) 236-1506

Investigations

1. Prepare detailed maps and text of comparative earthquake potential for
west coasts of Mexico, Central America, and South America.

2. Conduct investigations of the historic repeat-time data for great
earthquakes in the North Pacific Ocean margin.

3. Develop a working model for the interaction between forces that drive
plate motions and the occurrence of great subduction zone earthquakes.

4, Develop a rapid method for the estimation of the source properties of
significant earthquakes.

Results

1. The probabilistic work for northern Mexico has been completed (Nishenko
and Singh, 1986). Two regions have the highest probabilities for recurrence
of large earthquakes within the next two decades: the central Oaxaca gap
and the Acapulco—-Marcos gap. With the occurrence of the catastrophic
earthquake of September 19, 1985, the Michoacan seismic gap now has a very
low probability for recurrence of a great earthquake within 20 years.
However, plate motions related to this earthquake could cause stress to
transfer to the seismic gap at Acapulco and trigger a great earthquake there
within the next few years. A study of aftershocks of the greater 1979
Columbia earthquake has been submitted for publication (Mendoza, 1986).

This study of this event in the context of the great earthquakes of 1906 and
1958 will help the probabilistic assessment for the recurrence of great
earthquakes in this region.

2. Data on the occurrence of great earthquakes and tsunamis from the Queen
Charlotte Islands to the Aleutian Islands have been collected and the
evaluation of probabilistic recurrence is being conducted by Drs. Nishenko
and Jacob.



3. An evaluation of the ridge-push and slab-pull forces in the context of
stresses that lead to great subduction zone earthquakes has been completed
(Spence, 1986). An important conclusion is that specific parts of a
subducting plate may be monitored for precursors to seismic gap-filling
earthquakes,

L, We are developing computer packages that will permit the rapid
estimation of source properties of significant earthquakes on a routine
basis. We are routinely using broadband data to obtain depth phases for all
earthquakes over my 5.8. We are nearly finished with an algorithm that will
permit semi-automated on-line computation of radiated energy, moment and
apparent stress for all earth quakes over my, 5.8.
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Investigations

The objectives of this research are to provide fundamental data and interpretations for
earthquake hazard investigations. Currently, we are focusing on seismicity, structure, and tec-
tonic questions related to the possibility of a major subduction earthquake on the Juan de Fuca -
North American plate boundary. Specific tasks which we have worked on in this contract period
are:

1. Tomographic inversion of travel times to determine three-dimensional earth structure.

2. Locations, focal mechanisms and occurrence characteristics of crustal and subcrustal earth-
quakes beneath western Washington and their relationship to subduction processes.

3. Development of new network analysis programs.

4. Investigation of offshore earthquakes.

Results

1. A study of crustal velocity in western Washington is being done using tomographic techniques.
The study area is divided into a grid of blocks, and travel times from the U. W. network data
base are compared to travel-times computed from a starting velocity model. We are applying
direct conjugate gradient techniques to the model inversion, and initial tests have been made
using successive layers with 2-D inversion in each layer. Extension to full 3-D structure is
planned as a final step.

2. A data base of focal mechanisms is being established. The objective is to determine the most
probable regional tectonic stress in western Washington. Focal mechanisms have been determined
for about 275 earthquakes in western Washington. All western Washington earthquakes which
had ten or more polarities read in routine processing from 1982 through 1985 were examined.
Since the suite of events deeper than 30 km is of particular interest, a special effort was made to
include all possible deep events. Trace data were examined for all earthquakes from 1980 through
1985 which were deeper than 30 km and had ten or more P arrivals read. For earthquakes with
valid focal mechanisms, software was developed to check orthogonality of P and T axes, to select
events by focal mechanism type, and to make stereographic plots of nodal planes and stress axes,
singly or in composite. We are working on a grading scheme to indicate quality of the focal
mechanism solution by considering the possible range of focal mechanisms, the degree of con-
straint imposed by the polarity information, and inconsistent or ambiguous arrivals.

Examination of 121 focal mechanisms in the Puget Sound area indicates that systematic
differences exist between shallow and deep earthquakes in the Puget Sound region. About half of
both shallow and deep earthquakes have strike slip mechanisms, but many more normal
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mechanisms occur in the deep suite than in the shallow; while thrust events are more common in
the shallow suite. The table below shows how the three types of focal mechanisms are distributed
in the shallow and deep suites.

The shallow and deep suites also show significantly different distributions of P and T axes.
P axes for shallow events are clustered around the North-South direction, while P axes for deep
earthquakes scatter in a broad girdle roughly about the E-W equatorial plane.

Distribution of Focal Mechanism Type by Depth Range

Total Strike-slip Normal Thrust
P plunge <45° P plunge>45° P plunge<45°
T plunge <45° T plunge<45° T plunge>45°

Shallow 71 39 (55%) 6 (8%) 26 (37%)
<30 km

Deep 50 23 (46%) 19 (38%) 8 (16%)
>30 km

3. Updated software which combines automatic picking of arrival times with interactive seismic
processing has been developed to run on a Ridge 32C computer. Current network data collection
and analysis are being carried out on a PDP 11/34 and a PDP 11/70, which need to be replaced
within a few years. Software now being developed may by used in the next generation of network
processing, and could be transferred to many 32 bit machines. Combining automated picking
with interactive pick editing also enhances development and refinement of phase picking, polarity
picking, and location routines, by making the da<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>