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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.
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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.

29



90 "8€ sS2i

Y2 ©0.00 t2 0.00

©
<J
—

09 °9E \1

-~ 80 °OF S21
o
-

o .
® (o]
qﬂtc’ e;z<;|'|v:>
O

o
o
VAVA3IN

Chalfant
Valley

o
wmre ()
$.0 10 8.0 O

.9 10 6.0 O :

5o 10 v O w

20 %0 29 O d

LESS Tl 2.0 o e
| e e | ‘
100 KfLONETERS

% 0,00 3% 0.00

Figure 1. Northern and central California seismicity April -
September 1986

30



I-1

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.



*axenbyjdes £g6L 8yl £q pajeAT3oeads sem jeyz dueos 3TneJ SUSOOTOH STPPTIW 03

A1aes ay3 Jo 90eJ 2y3 ST @11Joud yoes Jo qued 3sowdaddn ay3z 3e aoejuns SutdoTs

ayl ‘uw y°| Aq pejededss aue soTrJoud OM3 8yl °PeIBOTPUT S89EP SYq 1B UINE]
sydeu8ojoyd wody paTrdwod dueds 3TIney 3edd Yedog oy3 SSOJOB SOTTJOJd—-°| FUNOIJ

(WD) 3ONV1SIA TVANOZIYOH : (WD) 3ONVL1S1a TVINOZIHOH
00l 0s o 001 0s o
1 L i -
dad 7
7~ _ _ i
= P 0S < (01°] <
/ m 2
( {~—s861 100 2 ] 3
9861 d3s__ [ & ) 6 _
9861 AVN § a MMM—F mw_mlb 5 s
/ & 7]
- i -1 00t = |00k 5
3 »
= z
3 o
o m
3 Lo
3 )
)
g £
! ! - osi - ( ~4ost
4
f /
5
J
- -
e ) ! - ooz ! |

1L 3T408d ¥ 304



Comparative Earthquake and Tsunami Potential for Zones
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
Denver, Colorado 80225
(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.

Reports

Boatwright, J., and Choy, G.L., 1986, Teleseismic estimates of the energy
radiated by shallow earthquakes: Journal of Geophyscial Research,
v. 91, p. 2095-2112.

Choy, George L., and Cormier, V.F., 1986, Direct measurement of the mantle
attenuation operator from broadband P and S waveforms: Journal of
Geophysical Research, v. 91, p. 7326-7342.

Choy, George L., and Engdahl, E.R., 1986, Analysis of broadband seismograms
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Interiors, in press.

Mendoza, C., 1986, Aftershock source properties using digital surface wave
data--The 1979 Colombia sequence: Bulletin of the Seismological
Society of America, in press.

Nishenko, S.P., and Buland, R.P., 1986, A generic recurrence interval
distribution for earthquake forecasting: Bulletin of the Seismological
Society of America, submitted.

Nishenko, S.P., and Singh, S.K., 1986, Conditional probabilities for the
recurrence of large and great interplate earthquakes along the Mexican
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Earthquake Hazard Investigations in the Pacific Northwest
14-08-0001-G1080

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

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 data more immediately accessible for research use.
Programs for picking, displaying and editing the regional network data are a part of this effort.
Special utilities to handle local, regional and teleseismic data have been constructed and tested.

4. We have initiated a study of earthquakes occurring off the coast of Washington and Oregon.
In the past digital data for these events were kept, but the events were not located. Since these
events are both sizable and fairly frequent, we are exploring this data source. These earthquakes
are generally shallow, and most of them are located on the Blanco Fracture Zone.

Articles

Zervas, C.E., and R.S. Crosson, 1986, Pn Observations and Interpretations in Washington, BSSA
Vol. 76, no. 2, pp. 521-546

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1986 (in press), Washington Earthquakes, 1983,
National Earthquake Information Service

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1986 (in press), Washington Earthquakes, 1984,
National Earthquake Information Service

Reports

Univ. of Wash. Geophysics Program, 1986, Quarterly Network Report 86-A on Seismicity of
Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1986, Quarterly Network Report 86-B on Seismicity of
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Washington and Northern Oregon

Earthquake Hazard Research in the Pacific Northwest, 1986, Contract 14-08-0001-22007 Final
Technical Report 1985.

Univ. of Wash. Geophysics Program,1986 (in press), Compilation of Earthquake Hypocenters in
Washington, 1980.

Univ. of Wash. Geophysics Program,1986 (in preparation), Compilation of Earthquake Hypo-
centers in Washington, 1981.

Univ. of Wash. Geophysics Program,1986 (in preparation), Compilation of Earthquake Hypo-
centers in Washington, 1982.

Abstracts

Ma, Li, and R.S. Ludwin, 1986, Can Focal Mechanisms be used to Separate Subduction Zone from
Intra-plate Earthquakes in Western Washington, Pacific Northwest AGU 1986

Lees, J.,1986, Tomographic Inversion for Lateral Velocity Variations in Western Washington,
Pacific Northwest AGU 1986

Ludwin, R.S., L.L. Noson, A.I. Qamar, R.S. Crosson, C.S. Weaver, S.D. Malone, W.C. Grant,
T.S. Yelin, Seismicity in the Northwestern U.S., submitted for AGU Fall 1986.

Crosson, R.S., and E.L. Crosson, 1986, Preliminary Analysis of Juan de Fuca Plate Seismicity

using the Washington Regional Seismograph Network, submitted for AGU Fall
1986.



Investigations of Intraplate Seismic-Source Zones
9950-01504
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Branch of Geologic Risk Assessment
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Denver, CO 80225
(303) 236-1574

Investigations

1.

Reprocessing and interpretation of seismic-reflection data in upper
Mississippi Embayment to investigate deep structure.

2. Quantitative geomorphic study of stream profiles in the southeastern part
of the Ozark Mountains.
3. Interpretation of seismic-reflection data recorded on the Mississippi
River.
4., Analysis of level line data in the upper Mississippi Embayment and
environs.
5. Geologic investigation of Meers fault in Comanche County, Okla.
6. Publication of a report on a trench excavated near Blytheville, Ark.
7. Analysis of high-resolution reflection data obtained across the Meers
fault,
8. Effects of earthquakes on high temperature wells in the Long Valley
caldera, Mono County, Calif.
9, Analyses of seismological data from China.
10. Regional studies.
11. Analysis of stream profile data in an area of active faulting immediately
west of Pierre, South Dakota.
Results
1. Reprocessing of field tape records of seismic-reflection profiles to 1l s

two—way traveltime has been completed on four profiles (Dwyer, 1985).
Two abstracts have been publised (Dwyer and Harding, 1985; Harding,
1985). The manuscript on the seismic reflection lines near
Caurthersville, Missouri is being modified and a manuscript on the
reflection lines on the east side of the Reel Foot rift is in
preparation.,
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A draft report entitled "Analysis of stream—profile data and Inferred
Tectonic Activity Eastern Ozark Mountains region,” by F. A. McKeown, M.
J. Cecil, B. L. Askew, and M. B. McGrath, has been returned to BCTR after
making editorial corrections. Publication as a USGS Bulletin has been
requested.

The interpretation of part of the seismic-reflection data recorded on the
Mississippi River has been completed (Crone and others, 1986). First cut
processing of the data collected along the Mississippi is complete;
sections for interpretation and possible further processing are being
chosen.

Compilation and analysis of level-line data for the upper Mississippi
Embayment and vicinity was completed by Richard Dart and an open—file
report is nearly ready for technical review. Completion of this report
has been delayed temporarily by other activities (Dart, 1985 and 1986;
Zoback and others, 1985; Dart and Zoback, 1986).

Geologic relationships in several backhoe excavations strongly suggest a
large component of left-lateral slip on the Meers fault in southwestern
Oklahoma. Two excavations on either side of a 1.07-m~high scarp formed
in limestone suggest hat the channel of a small gulley has been displaced
at least 0.65 m vertically and about 5 m left—laterally. Radiocarbon
dating of the deposits in the channel will constrain the time of movement
on the fault.

In another nearby excavation, the rakes of striae in limestone on the
upthrown side of the scarp are nearly horizontal indicating mainly
lateral slip on the fault. The preservations of delicate striae in
soluble limestone in a near-surface environment suggest that these striae
record the slip direction during a late Quaternary faulting event.

The report describing the trench, excavated across a prominent linear
feature in the Blytheville, Ark., area of the New Madrid seismic zone has
been published (Haller and Crone, 1986).

A short, high-resolution seismic-reflection line was conducted across the
Meers fault in Oklahoma. This data has been processed and shows a fault
at approximately 271 m in depth which can be connected to the surface
faulting. This fault has a displacement of about 30 m (Harding, 1985).

Temperature logs obtained in Chance No. 1 (south moat of the Long Valley
caldera, Mono County, Calif.) in 1976, 1982, 1983, 1985 and 1986 show a
progressive cooling in the uncased part of the hole. Examination of the
rate of change suggests that the cooling began to accelerate about the
time of the strong earthquakes of May 1980 (Diment and Urban, 1985).
Temperature logs from Mammoth No. 1 (near Casa Diablo Hot Springs, 3 km
west of Chance No. 1) obtained in 1979, 1982, and 1983 are also being
processed and examined for seismically induced phenomena (Urban and
Diment, 1984; 1985).
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More recently, precision temperature logs and gamma-ray logs were also
obtained in two other hot wells (PLV—~1 and RDO-8) in the south moat 6-11
days before and 3-4 days, and 61-64 days after the Chalfant (50 Km ESE of
wells) earthquake (MS = 6.2 PDE, M; = 6.4 BRK) of July 21, 1986. The
work in RDO-8 was partially supported by participants in the Continental
Scientific Drilling Program.

9. Under the Chinese—American Cooperative Earth Sciences Program, K. M.
Shedlock and her colleagues from MIT and The Peoples Republic of China
have conducted extensive studies of the structure and tectonics of the
North China Basin (Shedlock and Roecker, 1985; Shedlock and others,
1986). These studies are applicable to the better understanding of
similar regimes in the United States.

10. L.C. Pakiser and W.D. Mooney perceived the need for the summary/review
volume: “Geophysical framework of the Continental United States.” A
conference was held in Golden between March 17 and 20, 1986 and 24 papers
were presented. GSA has agreed to publish the product in their Memoir
series. Most manuscripts have been received and are now being reviewed.

Pakiser (1985) completed a review of seismic exploration of the crust and
upper mantle in the Basin and Range Province.

11. At the request of T.C. Nichols and D.S. Collins (Project 02478, Rock
deformation induced by subsurface excavation and use) Meridee Cecil
digitized 24 streams within about 50 km west of Pierre, S. D., and made
an analysis of several fluvial parameters. Known Holocene faults are
readily detected as sharp changes in slope and stream gradient index.

Other sharp changes in slope and stream gradient index are evident on a
number of profiles, but have not yet been field checked. Anomalous
logaritihmic slope—stream length plots and low concavity to convex stream
profiles are characteristic of the entire area studied to date. The
cause of the faulting and presumably other deformation is not know but
may be related to glacial rebound.

Reports
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Crone, A.J., and Luza, K.V. 1986, Holocene deformation associated with the
Meers fault, southwestern Oklahoma: Geological Society of America Field
Trip Guidebook Article, Annual Meeting, San Antonio, Texas [in press].

Crone, A.J. and Luza, K.V., 1986, Characteristics of late Quaternary surface
faulting on the Meers fault, Commanche County, Oklahoma [abs.]:
Transactions of the American Geophysical Union [EOS], v. 67, p. 1188.

Dart, Richard L., 1985, Horizontal stress directions in the Denver and

Illinois Basins from the orientation of borehole breakouts: U. S.
Geological Survey Open-File Report 85-733, 44 p.
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Meeting, p. 188.
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Cenozoic evolution of the North Shina Basin: Tectonics, v. 4, p. 343-
358.

Madole, R.F., and Rubin, Meyer, 1985, Holocene movement on the Meers fault,
southwest Oklahoma: Earthquake Notes, v. 56, p. l.

Pakiser, L.C., 1985, Seismic exploration of the crust and upper mantle of the
Basin and Range province: Geological Society of America, Centennial
Special Volume 1, p. 453-469.

Shedlock, K.M., Baranowski, J., Xizo, W., and Hu, X., The Tangshan aftershock
sequence, accepted by JGR, Sept. 1986.

Shedlock, K.M., Roecker, S.W., and Jin Anshu, 1985, Crust and upper mantle of
the Bohai, China region: Transactions of the American Geophysical Union
[EOS], v. 66, p. 987.

59



Urban, T.C., and Diment, W.H., 1984, Precision temperature measurements in a

deep geothermal well in the Long Valley caldera, Mono County,

California: Transactions of theAmerican Geophysical Union [EO0S], v. 65,

p. 1084-1085.

Urban, T.C., and Diment, W.H., 1985, Convection in boreholes:
interpretation of temperature logs and methods for determining anomalous

fluid flow, in Proceedings National Water Well Association Conference on

surface and borehole geophysical methods in ground-water
National Water Well Association, Worthington, Ohio, p.

limits on

investigations:
399-414.

Zoback, Mary Lou, Zoback, M.D., and Dart, R.L., 1985, Reassessment of the
state of stress in the Atlantic Coast region: Geological Society of

America, Abstracts with Programs, v. 17, p. 759.



Preliminary Seismological Investigations of the North-Central
Alaska Earthquake Sequences of February and March, 1985

G1109

Larry Gedney and John N. Davies*
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99775-0800
(907) 474-7320

*also of Division of Geological and Geophysical Surveys,
State of Alaska

INVESTIGATION

On 14 February, 1985, a magnitude (Mb) 5.4 earthquake near
the trans-Alaska pipeline 30 km north of the Yukon River crossing
signalled the beginning of a three-month-long sequence of
earthquakes which were the largest ever to have been recorded
this far north in Alaska. This study concentrated on
determining the source mechanism and relationship of this
earthquake series to 1intraplate tectonics in this part of the
state.

RESULTS

During the three months following the initial large shock on
14 February, at least four other earthquakes exceeding magnitude
5.0, and at least forty others exceeding magnitude 4.0 occurred
in the same area. The largest shock was a magnitude 6.0 event on
9 March. The area 1is not known to have a previous history of
significant seismicity, and these shocks are the strongest ever
to have %been recorded this far north in the state. The
opportunity was thus afforded to gain an insight into the mode of
ongoing tectonic deformation in this little-studied area.

Because of the relative accesibility of the site (by Alaskan
standards), it was possible to install three remote seismographic
stations around the epicentral area, despite the ©blizzard
conditions of the season. The signals from these stations were
telemetered directly back to the seismological laboratory at the
Geophysical Institute, and over 1,400 events were 1located,
utilizing +the temporary network in conjunction with stations of
the permanent regional University of Alaska network.

Aside from the pipeline 1itself, and the accompanying pump
stations, there are no manmade structures in the immediate
epicentral area (which was named for a mining camp deserted in
1901), but the effects of the earthquakes included numerous
stream overflows and rejuvenated springs. No fault offsets were
observed during several helicopter overflights.
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The three temporary telemetered seismographic installations
around the epicentral area which could be emplaced by helicopter
and snow machine before the sequence died away permitted the
relatively accurate determination of focal depths and crustal
velocities. A Vp/Vs ratio of 1.68 + 0.03 was established. Focal
depths were nearly all shallower than 15 km. Distinctive Pn and
crustal layer phases made it possible to quantify a crustal layer
model which 1includes an wupper layer 24 km thick with a P-wave
velocity of 6.0 km/sec, and a lower crustal layer 10 km thick
with a P-wave velocity of 7.2 km/sec. The Pn velocity between
the epicentral region and Fairbanks, 180 km to the SSE, was found
to be 7.91 km/sec.

The focal mechanism solutions for the two largest events
indicate either 1left-lateral faulting on a NNE-SSW oriented
plane, or right-lateral faulting perpendicular to that. The
former solution 1is preferred, largely because it is similar to
the solution obtained for a magnitude 6.8 earthquake occurring
100 km to the south in 1968 (Huang & Biswas, 1983). The Dall
City earthquakes appear to be an extension of the aftershock zone
of the earlier Rampart earthquake to the north.

The findings to date are in accord with a regional stress
pattern in Interior Alaska that 1s dominated by an azimuth of
horizontal compressive stress 1in a NW-SE direction (Gedney et
al., 1980; Gedney, 1985).

References
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14 February 1985
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Figure 4. Focal mechanism solutions of two earthquakes of the present sequence
(A) and (B) compared with that of an earthquake which occurred in nearly the
same area 10 years earlier (the earlier location solution is probably not as
reliable due to a sparcity of recording stations at the time). The preferred
mechanism is left-lateral faulting on the NNE-SSW trending plane.
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Investigation of Seismic—Wave Propagation for
Determination of Crustal Structure

9950-01896

Samuel T. Harding
Branch of Geologic Risk Assessment
U.S. Geological Survey, MS 966
Denver Federal Center, Box 25046
Denver, CO 80225
(303) 236-1572

Investigations

1.
a.
b.
Ce
Results
1.

Investigating and processing high-resolution seismic-reflection lines for
the following:

During June, high-resolution seismic-reflection lines were run to
complete the surveys of the Becks Hot Springs area in Salt Lake City,
Utah. The surveys were conducted for 3 miles along Redwood Drive.
Lines were tied along 1700 Ave. and State road 249, and a line was run
between 1700 Ave and 2100 North Ave. along Cuddy Lane. A third line
was run north of the Bonneville Supply canal through the Chevron
Refinery.

Two surveys were conducted across fault scarps south of Toole, Utah,
in Edwards and Bell Canyons.

During September 1986, six shallow reflection profiles were rumn across
the southern San Andreas fault using the Mini-Sosie system. Profiles
transverse the fault in Whitewater Canyon, 0ld Twentynine Palms
Highway, Palm Avenue, Thousand Palms Canyon Road, and an unnamed road
near Mortmar.

Processing of high-resolution seismic-reflection lines:

ade

b.

The data from Becks Hot Springs have been processed to a brute stack
and work is being done to complete this study.

The processing of this data is still in progress.

The data collected across the San Andreas fault present a number of
problems. The geology was considerably more complex than first
anticipated. The profiles indicate a very complex reflection-return
pattern and may necessitate wave—equation modeling to unravel the
reflection patterns seen on these cross sections.
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Harding, S.T., Wesson, R.L., Nicholson, Craig, and Morton, P., 1986, Shallow

reflection profiling across the base of the southern San Andreas fault
[abs.]: Transactions of the American Geophysical Union [EOS], v. 67, p.
1200.

Whitney, J.W., Shrobs, R.R., Simonds, F.W., and Harding, S.T., Recurrent

Quaternary movement of the Windy Wash fault, Nye County, Nevada [abs.]:
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Seismic Source Characteristics of Western States Earthquakes
Contract No. 14-08-0001-G1183
Dr. Donald V. Helmberger

Seismological Laboratory
California Institute of Technology
Pasadena, California 91125
(818) 356-6998

Summary Report
Investigation and Results

A program of continuing work on the characteristics of pre-and-
-post 1962 U.S. earthquakes is in progress. It is based primarily on
some recent advances in wave-propagational codes for laterally varying
Earth models. Structures with arbitrary variations in two dimensions
can now be handled with distributed double-couple excitations. More
precise Green's functions lead directly to a clearer picture of
detailed source properties as well as to provide am exploration of
complex strong motion patterns. For example, finite-difference
seismograms calculated for the 1971 San Fernando earthquake show strong
effects due to lateral variation in sediment thickness in the San
Fernando valley and the Los Angeles basin. Using known basin structure
and teleseismically determined source parameters, two-dimensional SH
and P-SV finite difference calculations can reproduce the amplitude and
duration of the strong motion velocities recorded across the basins in
Los Angeles in the period range from 1 to 10 seconds. The edges of
basins nearest the seismic source show ground motion amplification up
to a factor of three, and tend to convert direct shear waves into Love
and Rayleigh waves that travel within the basins. The computed motions
are sensitive to the mechanism and location of earthquakes. A strike-
slip earthquake on the Newport-Inglewood fault zone, for example, would
show different patterns of peak velocity and duration of shaking
across the San Fernando and Los Angeles basins, see Vidale and Helmber-
ger (1986). (Elastic finite-difference modeling of the 1971 San
Fernando, California Earthquake, submitted to BSSA).

The major task of collecting and analyzing the WWSSN and LRSM
recording of United States earthquakes (m>5) has taken considerably
more effort than anticipated. Some preliminary results on source
parameter inversion for representative events were discussed in the
USGS Open-File Report 86-31. [Essentially, the depth estimates come
from modeling the short period depth phases pP and sP while the moment
and orientation are established by modeling the long period body waves
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and P1 regional waveforms. The intensity of the short period signals
relative to the long periods signals 1is used primarily to set the
stress level. When events occur in regions of good local array
coverage we generally find quite good fault parameter comparisons with
our results, source depth, etc. Out of the 20 or so events studied to
date, we find that Walker Pass (1962), source depth, h=16 km, and
Homestead Valley, h=4, have high stress drops while some of the lowest
stress drops occur in Imperial Valley. The aftershocks of Coalinga
occurring at various depths, likewise, do not show any clear pattern.
In short, we have not found much evidence for a correlation between
stress drop and depth. Apparently, complex geology and recurrence
relationships are probably playing a more important role than depth.
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Analysis of Earthquake Data from the Greater Los Angeles Basin
and Adjacent Offshore Area, Southern California

#14-08-0001-G-1158

Egill Hauksson
Ta-liang Teng
Geoffrey Saldivar
Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-7007

INVESTIGATIONS

Analyze earthquake data recorded by the USC and CIT/USGS networks during
the last 12 years in the Los Angeles basin to improve earthquake locations
including depth and to determine the detailed patterns of faulting in the
study region. A study of the seismotectonics of the Newport-Inglewood fault
has been completed.

RESULTS

The Newport-Inglewood fault zone (NIF) strikes northwest along the
western margin of the Los Angeles basin in southern California. The
seismicity (1973-1985) of M >2.5 that occurred within a 20 km wide rectangle
centered on the NIF extending from the Santa Monica fault in the north to
Newport Beach in the south is analyzed. A simultaneous full inversion scheme
(VELEST) is used to invert for hypocentral parameters, two velocity models and
a set of station delays. Arrival time data from three quarry blasts are
included to stabilize the inversion. The first velocity model applies to
stations located along the rim and outside the Los Angeles basin and is well
resolved. It is almost identical to the starting model, which is the model
routinely used by the CIT/USGS southern California seismic network for
locating local earthquakes. The second velocity model applies to stations
located within the Los Angeles basin. It shows significantly lower velocities
down to depths of 12-16 km, which is consistent with basement of Catalina
Schist below the sediments in the western Los Angeles basin. The distribution
of relocated hypocenters shows an improved correspondence to mapped surface
traces of late Quaternary fault segments of the NIF (Figure 1). A diffuse
trend of seismicity is observed along the Inglewood fault from the Dominguez
Hi1ls, across the Baldwin Hills to the Santa Monica fault in the north. The
seismicity adjacent to Long Beach, however, is offset 4-5 km to the east, near
the trace of the subsurface Los Alamitos fault. The depth distribution of
earthquakes along the NIF shows clustering from 6 km to 11 km depth, which is
similar to average seismogenic depths in southern California. Thirty-nine
single-event focal mechanisms of small earthquakes (1977-1985) show mostly
strike-s1ip faulting with some reverse faulting along the north segment (north
of Dominguez Hills) and some normal faulting along the south segment (south of
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Dominguez Hills to Newport Beach). The results of an inversion of the focal
mechanism data for orientations of the principal stress axes and their
relative magnitudes indicate that the minimum principal stress is vertical
along the north segment while the intermediate stress is vertical along the
south segment (Figure 2). The maximum principal stress axis is oriented
10-25° east of north. Reverse faulting along the north segment indicates that
a transition zone of mostly compressive deformation exists between the Los
Angeles block and the Central Transverse Ranges.

REPQORTS

Hauksson, E., T. L. Teng and G. Saldivar, Analysis of Earthquake Data from
the Greater Los Angeles Basin and Adjacent Offshore Area, Southern California,
U.S.C. Annual Technical Report #86-5, prepared for the U.S.G.S., 31 pp.,

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 Wave-
forms of Local Earthquakes: Results from a 1500 m Deep Downhole Seismometer
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NEWPORT-INGLEWOOD FAULT ZONE
RELOCATED HYPOCENTERS 1973-1985
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Figure 1. (Above) Map of the Los Angeles basin and the Newport-Inglewood fault
zone showing relocated hypocenters determined with two velocity models
and a corresponding set of station delays. (Below) Depth section (A-A')
showing the relocated hypocenters along the Newport-Inglewood fault zone.
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Earthquake Hazard Research in the Central United States
14-08-0001-G1090

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

Goals

1. Perform research on the earthquake process in the New Madrid Seismic Zone to delineate the
active tectonic processes.

2. Perform more general research relating to the problems of the eastern U. S. earthquake process
and of the nature of eastern U. S. earthquakes compared to western U. S. earthquakes.

Investigations

1. A reinvestigation of spectral scaling of earthquakes in the Central Mississippi Valley Seismic
zone is proceeding. Spectral data from 5 magnetic tapes of digitized LRSM data provided by EPRI
have been processed. In addition, data from digitized old seismograms, pre 1941, have been
obtained from R. Street, University of Kentucky, for reanalysis.

There is a problem in determining the corner frequency from the Lg-wave for large historical
events. When the corner period is on the order of 10 seconds, the Lg wave is composed of only one
or two higher modes, and the ability of the superposition of higher mode surface waves to scale as
a simple body wave spectrum fails due to the small number of modes. In addition, the Lg on hor-
izontal components becomes contaminated by the fundamental mode Love wave. The lack of a
sharp corner frequency leads to an ambiguous relation between corner frequency and seismic
moment that can only be resolved by using independent seismic moment data. However, the spec-
tral excitation at 1 Hz is very stable.

2. Surface waves of the January 31, 1986 Cleveland, Ohio earthquake are being studied. Prelim-
inary results are as follow:

The focal mechanism of the magnitude 5, Perry, Ohio earthquake determined using long
period surface waves is one that strikes 115° dips 70° to the south and which has a slip angle of
10°. The focal depth is shallow, in the range of 3 - 8 km, and the seismic moment is approximately
1.0 10® dyne-cm.

This earthquake triggered a strong motion accelerograph 16 km north of the epicenter.
Attempts are made to model this accelerogram. The focal mechanism with a focal depth of 6 km
fits the gross properties of the accelerogram well, e.g., the polarity of the SH pulse, the relative
amplitudes of the radial and transverse traces. The vertical amplitudes are underestimated by a
factor of 2 - 4. There is a tradeoff between detailed shallow velocity structure ( 20 meters ) and
the seismic moment estimate. The modeling does resolve the surface wave ambiguity of a 180°
rotation of the nodal planes.

In order to fit high frequency waveforms, or to estimate source properties from such data, it
is essential that high frequency data acquisition experiments also make efforts to define earth struc-
ture. Recording surfaces waves from nearby blasts can provide sufficient detail.

Results

A paper entitled "Focal Mechanisms Studies of the January 31, 1986 Perry, Ohio Earth-
quake" has been presented at the Eastern Section, Seismological Society of America meeting in
October.

75



Tectonics of Central and Northern California
9910-01290

William P, Irwin
Branch of Engineering Seismology and Geology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2065

Investigations

1.

Extensional tectonics of northern California, in collaboration with R.A.
Schweickert. Field investigation was done on both the NW and SE sides of
the Trinity ultramafic sheet, a structure that may be the equivalent of a
metamorphic core complex.

Distribution of radiolarian cherts in the central and southern Coast
Ranges, in collaboration with C.D. Blome and M.J. Rymer.

Paleomagnetic study of accreted terranes of the Klamath Mouontains and
adjacent regions, in collaboration with E.A, Mankinen and C.S. Gromme,

Preparing a chapter titled "Geology and Plate Tectonic Development” for a
multi-authored report on the San Andreas fault.

Results

1.

A detachment surface, similar to those associated with core complexes, was
seen only at the La Grange mine. There the detachment surface is remark-
ably well exposed for several hundred feet along highway 299 and consists
of a gently SE-dipping layer of mylonite with well developed mullion
structures that are oriented downdip. The boundary between the the Trin-
ity sheet and the adjacent Paleozoic strata of the Redding section 1is
aligned with the La Grange fault for nearly 80 km to the NE, and although
it probably is a continuation of the detachment fault seen at the la
Grange mine, no exposures of the contact could be found during the field
work,

Samples were taken of the principal known exposures of Franciscan radio-
larian chert on both the eastern and western sides of the Salinian block
in the central and southern Coast Ranges. Particular attention was given
to the chert that was thought 1likely to be Lower Jurassic and that was
seen to lie depositionally on the mafic volcanic rocks. Study of the
distribution and faunal differences of the radiolarian cherts may yield
important data relating to large lateral dislocation of the Franciscan to
either side of the Salinian block. Laboratory work on the chert samples
is not yet complete.
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3. Additional core drilling was done on the Pit River stock (Triassic) at
Shasta Lake, northern California, during the report period. A compre-
hensive report on our paleomagnetic study of northern California is now
being prepared.

4, A first draft of the chapter has been completed.

Regorts

Schweickert, R.A., and Irwin, W.P., 1986, Tertiary detachment faulting in the
Klamath Mountains, California: Geological Society of America, Abstracts
with Programs, v. 18, no. 6, p. 742,

Lanphere, M.A., and Irwin, W. P,, 1986, In search of the Abrams Post Office:
Califormia Geology, (in press).
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Investigation of Prediction Methods for Subduction-Zone Earthquakes
Grant Number 14-08-0001-G-1099

Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309
(303) 492-6089

Prediction of the May 7, 1986 Andreanof Islands Earthquake.

Prediction research in the Adak seismic zone, central Aleutian Islands, underway since
1974 and supported by the NEHRP since 1977, reached a milestone with the occurrence of the
Mg 7.7 earthquake on May 7, 1986. The USGS preliminary fixed depth epicenter is south of

Atka Island, in the easternmost section of the part of the seismic zone that is monitored by the
Central Aleutian Seismic Network. The rupture plane defined by the distribution of PDE-
located aftershocks for the first 24 hours was about 220 km long, extending mostly to the
southwest through the eastern and central part of the region of coverage of the local network.
Rupture terminated near the eastern margin of Adak Canyon. An Mg 6.0 foreshock occurred

two hours before the main shock and four aftershocks with magnitudes greater than 6 have fol-
lowed. The USGS has located 270 aftershocks through August 21, 105 days after the main
shock. The many hundreds of aftershocks recorded by the local network have saturated the
data analysis system and several months will be required before all of these are located, even
though a lower magnitude cutoff of 2.3 has been imposed. The data set contains much informa-
tion about the rupture zone, and studies of such characteristics as changes in stresses associated
with the events and the distribution of Q within and on the margin of the rupture zone have
been started, but cannot move forward until the massive location effort is completed.

This event appears to fulfill our prediction for a major earthquake, even though the specifi-
cation of each of the parameters was in error to some extent. The prediction was formulated
and made public more than two years before the event. In the post-event evaluation, the pred-
iction is being treated as consisting of two parts, the general statement that an event greater
than magnitude 7 would occur near Adak at about this time, and the specific statements as to
magnitude, place, and time. We recognized and acknowledged from the beginning that the
attempt to be specific, considered essential if prediction research is to make progress, was based
on limited knowledge of fundamental processes and limited experience.

The prediction was based on the observation of a clear quiescence in locally determined
seismicity over the part of the seismic zone that ultimately proved to be the major portion of
the rupture plane. The quiescence is also seen in the events with body wave magnitudes of 4.5
and greater, as reported in the PDE, but because the total number of events in small sections of
the zone is small for these data, the observation is perhaps not as convincing as in the local
data. The quiescence observed in the local data lasted 3 years and 10 months, which seems in
reasonable agreement with the 3 year teleseismic quiescence found by Habermann for the 1971
Adak Canyon earthquake. This single case was the basis for our time prediction of the recent
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event.

We are now analyzing the reasons for the errors in the specifications and beginning to
draw some of the lessons from this experience that are important for further prediction research.
With the actual characteristics of the event known, we have found the form of presentation of
the seismicity data that would have been most revealing as to what was to come. The error in
recurrence time was clearly the result of lack of enough prior cases to permit an assessment of
the uncertainties. The underestimation of magnitude by about 0.5 was due to the influence of
general recurrence concepts, which suggested that it was rather soon after the great 1957 event
for another as large as that which actually happened. If the judgement had been based solely
on the size of the area over which quiescence occurred, an event close to 8 would have been
called for. The epicenter error, about 150 km too far west, and the location of the rupture
plane, proposed as across Adak Canyon rather than to the east of it, were due in part to a
misinterpretation of the significance of the SW2 asperity (it turned out to be the stopping place
rather than the nucleation point), and the observed deficiency of moderate earthquake activity
under Adak Canyon since 1971. Also, human bias in over-emphasizing what was happening
within the area well-monitored by our network and ignoring equally important behavior just
outside of it played a role.

The occurrence supports strongly the hypothesis that pronounced and prolonged quies-
cence is a precursor to a major earthquake. More cases based on data acquired with local net-
works, providing the high resolution needed, are required to provide a basis for establishing the
reliability of this precursor in terms of false alarms and failures to predict. A paper summariz-
ing the prediction has been submitted to Geophysical Research Letters.

The Aftershocks of the May 7 Earthquake.

An analysis of the temporal distribution of the aftershock sequence based on the PDE list
has been undertaken in a search for quiescence that might have occurred before the largest aft-
ershocks, as suggested recently by by Matsu’ura. No indications of such quiescence have been
found, but a remarkable, if subtle, change in the properties of the time sequence at day 3.5 after
the main shock has been discovered. The corresponds to the beginning of expansion of the aft-
ershock zone to the northeast, but the effect seems to involve the whole aftershock zone. At
about the same time a marked change in b-value, from 0.89 to 1.2 occurred. A relation between
the rate of decrease of aftershock occurrence and b-value has been suggested by Utsu, but no
firm conclusions have been reached yet.

Distribution of Q within and on the Margin of the Rupture Zone

The amplitude decay rate of high-frequency coda from small local earthquakes can be used
to derive an apparent Q value which is a statistical indicator of the heterogeneity and anelasti-
city of the earth medium in the vicinity of the source-receiver region. Precursory coda-Q
changes have been reported for some moderate to large earthquakes. The May 7 Andreanof
Islands earthquake provides a good opportunity to test the possibility of precursory coda-Q
changes for subduction zone earthquakes.

One goal of our study is to find if there is any difference in the coda Q between the eastern
part of the network area (which became part of the rupture zone of the May 7 earthquake) and
the seismically less active west regions. The data from 1985 through April 1986 have been pro-
cessed and analyzed. The scatter of the resulting Q values is reasonable (standard deviation
about 20% of the mean) and can be improved slightly by culling the original data. No spatial
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difference in Q can be claimed between the eastern and western regions of the Adak network
coverage area. The resulting data are being searched for any precursory changes.

When data become available for times after the May 7 earthquake, Q values will be deter-
mined for a comparison of the values before and after this large earthquake. This should pro-
vide insight as to how temporal variations in the stress field affect the coda Q in this subduction
zone.

Stress Distributions

In response to our prediction several years ago of a major earthquake in the Adak region,
an examination of the stress distribution in vicinity of the predicted epicenter was started.
With the occurrence of the May 7 earthquake, the focus of the study has been shifted both to
the east of the original study area, well within the rupture zone, and to the west of it, where the
region under Adak Canyon still has not broken. So far values of stress drop and apparent stress
have been determined for about 60 earthquakes in the eastern part of the network from
November, 1985, through May 8, 1986, and for about 25 events in the Adak Canyon region for
1986 through May 8, but no patterns of variation of stress drop or apparent stress as a function
of time or space has yet been recognized in the resulting data.
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Branch of Geologic Risk Assessment
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
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Investigations

1.

Guinea, West Africa, postearthquake study--local investigation of
aftershocks resulting from Mg = 6.2 earthquake of 22 December 1983.

2, North Yemen postearthquake study--local investigation of aftershocks
resulting from my = 6.0 earthquake of 13 December 1982.

3. Western Argentina postearthquake study--local investigation of
aftershocks resulting from Mg = 7.3 earthquake of 23 November 1977.

Results

1. The recently completed study (Langer and others, 198 ) reports on

results of geologic and seismologic field studies conducted following the
rare occurrence of a moderate-sized west African earthquake (mb = 6.4)
with associated ground breakage. The epicentral area of the northwestern
Guinea earthquake of December 22, 1983, is a coastal margin, intraplate
locale with a very low level of historical seismicity. The principal
results include observations that the seismic faulting occurred on a pre-
existing fault system and the achievement of good agreement between the
surface faulting, the spatial distribution of the aftershock hypocenters,
and the composite focal mechanism solutions. We are not able, however,
to shed any light on the reason(s) for the unexpected occurrence of this
intraplate earthquake. Thus, the significance of this study is its
contribution to the observational datum for such earthquakes and for the
seismicity of west Africa.

The main shock was associated with at least 9 km of surface fault-
rupture. Trending east-southeast to east-west, measured fault
displacements up to ~13 cm were predominantly right-lateral strike slip
and were accompanied by an additional component (5-7 cm) of vertical
movement , southwest side down. The surface faulting occurred on a
preexisting fault whose field characteristics suggest a low slip rate
with very infrequent earthquakes. There were extensive rockfalls and
minor liquefaction effects at distances less than 10 km from the surface
faulting and main-shock epicenter. Main shock focal mechanism solutions
derived from teleseismic data by other workers show a strong component of
normal faulting motion that was not observed in the ground ruptures.

A 15-day period of aftershock monitoring, commencing 22 days after the

main shock, was conducted. Eleven portable, analog short-period vertical
seismographs were deployed in a network with an aperture of 25 km and an
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average station spacing of 7 km. More than 200 aftershocks, with
duration magnitudes of about 1.5 or greater, were recorded; analysis of a
selected subset (95) of those events define a tabular aftershock volume
(26 km long by 14 km wide by 4 km thick) trending east-southeast and
dipping steeply (~60°) to the south-southwest. Composite focal mechan-
isms for groups of events distributed throughout the aftershock volume,
exhibit right-lateral, strike-slip motion on sub-vertical planes that
strike almost due east. Thus, the general agreement between the field
geologic and seismologic results is good, however, our preferred inter-
pretation is for three en-echelon faults striking almost due east-west.

The North Yemen epicentral locale in the southwestern part of the Arabian
Peninsula is 200-300 km landward from the active rifting of the Red Sea
and Sea of Aden. The magnitude 6.0 (Mg and mb) main shock of December
13, 1982, caused considerable death, injury, and damage locally and was
followed by an extensive aftershock sequence. A 12-day study employing a
10-station portable seismograph network was conducted between December 9,
1982, and January 9, 1983.

Hypocentral locations were determined for 230 shocks selected from the
thousands of recorded events (duration magnitudes between 1.8 and 4.6).
These aftershocks define a source volume that is roughly 20X20X10 km.
From that volume, about half (~110) of only the best constrained
hypocenters with depths greater than 3 km were selected for detailed
analysis. The 110 aftershock data set was divided into subsets according
to geographic position (northern and southern) and temporal sequencing (a
distinct aftershock sequence late in the monitoring period). A series of
composite focal mechanism solutions (CFMS) show the aftershocks are dip-
slip faulting (normal) on planes with north-northwest to northwest
strikes and dips that were variable in amount (~30° to ~80°) and in
direction (southwest and northeast).

The strike and extensional nature of these CFMS are in good agreement
with the main shock focal mechanisms, the surficial and bedrock geology
in the epicentral area and the linear surface cracks observed in the
field there following the December mainshock. We interpret the spatial
distribution of our results to describe conjugate faulting episodes
associated with a north-northwest striking fault.

An aftershock survey, using a network of eight portable and two permanent
seismographs, was conducted for the western Argentina (Caucete)
earthquake (M, = 7.3) of November 23, 1977. The monitoring began on
December 6, almost 2 weeks after the main shock and continued for a
period of 11 days. A data set of 185 aftershock hypocenters in the depth
range from near surface to 30+ km was obtained. The spatial distribution
of those events occupied a volume of about 100X40X30 km (length X width X
thickness, respectively). The volumnar nature of the aftershock
distribution is principally a result of a bimodal distribution of foci
that define east- and west- dipping planar zones. Efforts to select
which of those zones was associated with the causal faulting include
special attention to the determination of the mainshock focal depth and
dislocation theory modeling of the coseismic surface deformation in the
epicentral locale. Our focal depth (25-30 km, rather than a previous
estimate of 17 km) and modeling studies lead us to prefer the east-
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dipping plane as causal. Previous interpretations by Kadinsky-Cade and
others (1985) that used the shallower focal depth and similar modeling
calculations had selected the west-dipping plane. Our selection has the
advantage of having fault initiation at the base of the crustal
seismogenic layer (rather than in the middle of that layer) and fault
propagation updip (rather than downdip).

The ten stations included in our temporary seismograph network for
locating aftershocks were sited where the underlying sedimentary rock
columns had thicknesses ranging from O to 6 km (up to 1l.5-sec variation
in vertical one-way travel times for the P-waves). Such rapid changes in
the velocity structure cause considerable difficulty in obtaining
accurate hypocenter locations. Fortunately, velocity data were available
in the form of 26 refraction profiles for the near surface (0-6+ km).
Those profiles gave the velocities for the sedimentary column and the
underlying Precambrian basement in the network area. An estimate of the
regional crustal velocity structure for this geologically complex area
had also been determined previously by analysis of data from a well-
located nearby earthquake. Unpublished surface-wave studies extend the
model to the upper mantle. This study describes the use of the available
data to refine the velocity estimates for the uppermost layers of the
regional crustal velocity model and the method used to calculate P-wave
travel time corrections for each station. The resulting model and
station corrections were used, with good results, to locate 185 after-
shocks. Average HYPO71 error measures for the aftershock hypocenters
were: RMS=0.12 sec, ERH=10.7 km, ERZ=%1.3 km.
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Investigations

Field searches were made for paleoliquefaction sites in
coastal South Carolina, near Beaufort. 1In addition, sand blow
sites previously discovered, such as the site at Hollywood, were
re-examined for the purpose of further developing criteria that
can be used to interpret an earthquake origin to liquefaction
features.

Results

Liquefaction-induced features were discovered near Beaufort
(at Bluffton); the features at Bluffton have most of the same
sedimentological relations and ground disruption characteristics
as the sand blows at Hollywood, and thus are believed to be
probably earthquake in origin. The final conclusion of origin
must be based on an on-going (FY87) study of mechanical
properties of source sands at depth, and a study of the local
ground-water setting.

A draft report has been completed, discussing geologic
criteria for interpreting an earthquake origin to liquefaction
features in coastal South Carolina and the New Madrid seismic
zones. These criteria are based on the nature of the surficial
ground disruption, in combination with study of the local ground-
water setting. The report makes it clear that geologic criteria
may not be sufficient for determining origin at some sites. The
report also points out that engineering studies on source sands
at depth can probably determine origin at some sites, and
discusses types of mechanical property relationships that can be
used to interpret origin.
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Investigations

1. An extensive search for 1886 and pre-1886 liquefaction features was
continued in the 30-mile-wide belt along the coast of South Carolina.
This coastal belt has now been searched in reconnaissance fashion from the
North Carolina border to the Georgia border.

2. The ages of numerous sand blows at the Hollywood, Charleston County,
locality have been determined within limits set by the radiocarbon ages of
associated organic materials. Radiocarbon ages have been determined for
organic soils disrupted by sand blows, wood within filled sand blow
craters, roots cut by sand blows, and roots growing into sand blow
craters.

3. Organic materials associated with sand blows at numerous sites in the
coastal area of South Carolina have been sampled for radiocarbon analysis.

Results

1. Multiple late Pleistocene to Holocene sand blows have been discovered at
several sites throughout the coastal area of South Carolina. The fact
that pre-1886 sand blows have a much wider geographic distribution than do
the 1886 sand blows suggests that either multiple seismic source zones
capable of generating liquefaction-producing earthquakes exist in South
Carolina or that a pre-1886 earthquake larger than the 1886 earthquake has
occurred in the 1886 source zone.

2. Analysis of the radiocarbon ages for organic materials associated with
sand blows at the Hollywood locality indicates that liquefaction-producing
earthquakes occurred in that area: at about 1230 y.b.p., between about
1670 and about 3700 y.b.p., and between about 4200 and about 7100 y.b.p.

3. The Pleistocene beach sands of coastal South Carolina are much more
susceptible to liquefaction than standard sands used for engineering
analysis (for a given relative density). This very high susceptibility
explains in part the commonplace occurrence of liquefaction features in
the 1886.
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Investigations

1.

Analyze fault-plane solutions of aftershocks of the M6.2 Morgan Hill
earthquake which occurred on April 24, 1984 to gain understanding of
regional stress field.

2. Begin consolidation and clean-up phase data of central California
Seismic Network (CALNET) from 1969 through 1984.

3. Analysis of P- and S-velocity structure at Coalinga, California.

4. Begin investigation of characteristic earthquake sets (M>4.0) in Stone
Canyon/Bear Valley region of the San Andreas fault.

Results

1. We computed 315 fault-plane solutions for aftershocks (M > 1.5) of the

Morgan Hi1l earthquake on the Calaveras fault. The distribution of
polarity discrepancies with respect to the position of observing
stations is strongly non-uniform. Sixty-three percent of the
discrepancies occur at only 10 stations, all but one of which are
located along the trace of the Calaveras fault. The fact that most of
the discrepancies occur at stations close to the fault suggests that
these errors stem from either unmodeled lateral refractions across the
fault or errors in epicentral determination.

Most of the aftershock focal mechanisms for earthquakes locating on
the Calaveras fault are similar to mechanisms reported for the
mainshock, but the dip of the assumed slip plane tends to dip 50- 70°

NE as opposed to 84° SW of the mainshock or the 85  NE alignment of
aftershocks. We believe that this discrepancy arises because the
computation procedure attempts to accomodate the discrepant polarities
of nearby stations affected by the problem of unmodeled lateral
refraction.

Focal mechanisms for shallow aftershocks of north-south seismicity
trends northwest of the Calaveras fault zone indicate right-lateral
slip on vertically oriented faults parallel to the seismicity trends.
The orientation of these aftershocks suggests that the latter
represents frictional failure on prexisting faults rather than failure
of intact rock.
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Fault plane solutions for aftershocks in the vicinity of the Anderson
Reservoir exhibit pure reverse motion along fault planes parallel to
the north-dipping, reverse Silver Creek and Coyote Creek faults. The
following causes for generating pure reverse slip on these fault
orientations can be rejected:

a) The motion is inconsistent with estimates of the orientation of
the regional stress field. From the orientation of the stress
field inferred from geodetic measurements and specification of
the relative magnitudes of the principal stresses, slip would be
predicted as oblique, right-lateral reverse (phi=0) through pure
right-lateral to oblique, right-lateral normal slip (phi=1); pure
reverse slip is not predicted.

b) Stress perturbations due to the mainshock have not appreciably
altered the regional stress field in this region. Because fault
plane solutions for earthquakes occurring in the vicinity of the
Anderson Reservoir prior to the mainshock also exhibit pure
reverse motion, the stress field responsible for these
earthquakes is a long-term feature of this region.

c¢) The stress field arising from repeated rupture along this
characteristic segment of the Calaveras fault does not give rise
to reverse faulting. Preliminary attempts to model the resulting
stress field assuming a linear, elastic half-space for
rectangular dislocations deduced from strong ground motion
studies (Hartzell and Heaton, 1986) predicts normal faulting
instead of reverse.

These mechanisms indicate that the stress field is nonuniform in this
region. This local stress field may represent a component of regional
contraction normal to the orientation of the Calaveras fault, as indicated
in geodetic measurements at Parkfield (Segall and Harris, 1986), and
reverse faulting and folding throughout central California.

Alternatively, the stress field may represent attempts to accomodate the
bifurcation of the Calaveras and Hayward faults to the north, or Calaveras
and San Andreas faults to the south. A manuscript describing these
results is in preparation.

2. The large volume of seismic data recorded by the CALNET since 1969 has
frequently overwhelmed our capacity to process the data. The result
has been inconsistent data archiving<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>