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The research results described in the following summaries were
submitted by the investigators on October 13, 1989 and cover the
period from April 1, 1989 through October 1, 1989. 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 five major elements of
the National Earthquake Hazards Reduction Program.

Open File Report No. 90-54

This report has not been reviewed for conformity with
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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0613

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 1989 to 30 September 1989. 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

During the reporting period, the joint Caltech-USGS Southern Califor-
nia Seismographic Network located 5,145 events (Fig. 1), including 62 of
magnitude 3.0 and larger. Five of these were of magnitude 4.0 or larger. The
most significant events were:

(1) On 4 April, a ML 4.5 event appears to have been centered on the
Newport-Inglewood fault beneath Newport Beach. It showed a pure strike-slip
focal mechanism, with the dextral movement plane parallel to the strike of the
Newport-Inglewood fault. The event occurred only 1 to 2 km south of the
estimated epicenter of the ML 6.3 Long Beach earthquake of 1933,

(2) An ML 4.5 shock occurred on 4 June near the Lenwood fault about 40 km
southeast of Barstow in the Mojave Desert, followed by 6 aftershocks. These
events occurred about 50 km west-northwest of the 1979 Homestead Valley
sequence (ML 5.2, 5.0, 4.8).

(3) On 12 June, two earthquakes of ML 4.4 and 4.1 near Montebello created
significant public interest throughout the Los Angeles area. Both focal
mechanisms represented thrusts, indicating that the events were probably
associated with the east-trending Elysian Park fold and thrust system. The
two events were located about 5 km southwest of the 1987 Whittier Narrows
earthquake but had approximately the same depth of 14-15 km. Since the thrust
system is thought to dip north, it is unlikely that the same fault strand was
responsible. Twenty small aftershocks of the Montebello events occurred over
the following two weeks, and three small events also occurred on the nearby
Raymond fault within 5 days of the events. Movement on the Raymond fault
probably caused the ML 4.9 shock on 3 December 1988--the so-called "Rose Bowl
earthquake."
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(4) On 12 August and 15 September, ML 3.0 and ML 3.6 events occurred very
near the San Andreas fault in Cajon Pass, northwest of San Bernardino, and
both events showed reverse-fault focal mechanisms. These events occurred in
the same area as the 1970 Lytle Creek earthquake, of ML 5.4.

Aside from the above events, seismicity in the southern California
region was relatively low for the entire 6-month reporting period. In
particular, only 598 locatable earthquakes occurred during July, compared to a
long-term monthly average of 800 to 1000 shocks. Activity in the Los Angeles
basin continued with only a minor enhancement in the number of small events,
whereas since March 1986, this area has experienced about three times its
normal level of activity. It remains to be seen whether this July slow-down
represents an end to the episode of markedly increased activity in the Los
Angeles basin.
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1 April 1989 to 30 September 1989.



Regional Seismic Monitoring Along The Wasatch Front Urban
Corridor And Adjacent Intermountain Seismic Belt
14-08-0001-A0621
W. J. Arabasz, R.B. Smith, J.C. Pechmann, and S. J. Nava
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801) 581-6274

Investigations

This cooperative agreement supports "network operations" associated with the
University of Utah’s 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. Primary pro-
ducts for this USGS support are quarterly earthquake catalogs and a semi-annual data sub-
mission, in magnetic-tape form, to the USGS Data Archive.

During the report period, significant efforts were made in: (1) ongoing in situ calibra-
tion of remote telemetry stations, including seven stations recently upgraded to four-
component recording (high- and low-gain vertical components and high-gain horizontal
components); (2) development of a major initiative to the Utah state legislature for moder-
nizing seismic-network instrumentation in Utah as part of a state-federal partnership; and
(3) installation and operation of two temporary telemetered seismograph stations in and
around the source zone of an ML4.8 earthquake in the Blue Springs Hills of north-central
Utah.

Results
Network Seismicity: April 1, 1989 - September 30, 1989

Figure 1 shows the epicenters of 477 earthquakes (MLS 4.8) located in part of the
University of Utah study area designated the "Utah region" (lat. 36.75°-42.5°N, long.
108.75°-114.25°W) during the six-month period April 1, 1989 to September 30, 1989.
The seismicity sample includes 15 shocks of magnitude 3.0 or greater (labeled with date
and magnitude on Figure 1) and 13 felt earthquakes.

The largest earthquake during the six-month report period was a shock of ML4.8 on
July 3 at 22:44 UTC, located 16 km W of Tremonton, Utah, in the Blue Springs Hills.
The earthquake was felt throughout north-central Utah with a maximum Modified Mercalli
intensity of V (USGS, PDE No.27-89). Ten foreshocks for this earthquake were recorded
during the two-week period preceding the main shock (Figure 2). The largest of these
occurred occurred on June 21 at 21:54 UTC, and had an M, of 4.1. Through September
30, 1989, 217 aftershocks were located in the Blue Springs Hills area, including 12 of
magnitude 2.0 and larger. The largest aftershock, of ML4.6, occurred on July S at 22:51
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UTC and was widely felt in north-central Utah.

A preliminary focal mechanism for the Blue Springs Hills main shock indicates nor-
mal faulting with a right-lateral strike-slip component on a fault that dips moderately to
the NE or, alternatively, normal faulting with a left-lateral strike-slip component on a fault
that dips moderately to steeply to the WNW (Figure 3). The preliminary focal mechanism
for the largest aftershock shows normal faulting on a fault that dips moderately in a direc-
tion that is either between WSW and WNW or between E and SE. The focal mechanism
for the aftershock has a smaller strike-slip component of motion than the focal mechanism
for the main shock. The T axes for both focal mechanisms trend approximately E-W.
First motion data currently available for the largest foreshock match the first motion data
for the main shock, but are inadequate to constrain the focal mechanism.

Other felt earthquakes in Utah of magnitude 3.0 or larger during the report period
include: an ML3.1 event on April 9 at 11:24 UTC, felt in Tabiona; an M c3.7 event on
May 1 at 18:35 UTC, felt in Santa Clara; and an ML3.7 event on July 23 at 10:39 UTC,
felt in the Richfield area.

Reports and Publications

Nava, S. J,, Utah earthquake activity, January through March, 1989, Survey Notes (Utah
Geological and Mineral Survey), v. 23, no. 1, p. 26, 1989.
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Regional Seismic Monitoring in Western Washington

14-08-0001-A0622
14-08-0001-A0623

R.S. Crosson
S.D. Malone
R.S. Ludwin
Geophysics Program
University of Washington
Seattle, WA 98195
(206) 543-8020

Investigations

Operation of the western portion of the Washington Regional Seismograph Network (WRSN)
and routine preliminary analysis of earthquakes in western Washington are carried out under these
contracts. Quarterly bulletins which provide operational details and descriptions of seismic activity
in Washington and Northern Oregon are available from 1984 through the second quarter of 1989.
Final catalogs are available from 1970, when the network began operation, though 1986. The
University of Washington operates approximately 80 stations west of 120.5°W, 28 of which are
supported under A0622, and 40 under A0623. This report includes a brief summary of significant
seismic activity. Additional details are included in our Quarterly bulletins.

Excluding blasts, probable blasts, and earthquakes outside the U. W. network, 808 earth-
quakes west of 120.5°W were located between April 1 and September 30, 1989. Of these, 395
were located near Mount St. Helens, which has not erupted since October of 1986. Twelve earth-
quakes were felt in western Washington during the period covered by this report. East of 120.5°W
76 earthquakes were located, one of which was felt.

Notable seismicity and related phenomena during this reporting period includes 3 unusual
episodes at Mt. St. Helens in late August, which lasted as long as 45 minutes (as recorded on the
crater station helicorder record). These episodes consisted of complex signals containing slightly
elevated levels of shallow seismicity accompanied by high-frequency background noise. These
sequences left no surface deposits, such as might be expected from steam and ash emissions, rock-
falls, or mudflows. After each episode, seismicity rapidly returned to background levels.

During the summer of 1989 two new seismic stations were installed on the west and
northeast sides of Mt. Rainier to improve our location resolution for earthquakes on the volcano,
and to investigate lahars on the flanks of the mountain caused by glacial outburst floods. This
proved to be fortuitous timing, since on August 16 a significant rockfall (more than 1 million cubic
meters) occurred on Mt. Rainier originating at Russell Cliff, and traveling 4 km down the
Winthrop Glacier. We were able to accurately locate the rockfall and alert the Park Service on a
day when bad weather and poor visibility prevented visual observation. We also recorded a small
lahar on one of the newly installed stations in late September. Elsewhere in western Washington
on June 18th a notable deep earthquake, magnitude 4.4, was widely felt in the Puget Basin and
was located at a depth of 45 km beneath the Kitsap Peninsula.

In Oregon, a cluster of activity near the summit of Mt. Hood in August and September
included over a dozen shallow (depth less than 10 km) earthquakes larger than magnitude 1.0. Five
of these were magnitude 2.0 or larger, with the largest being a magnitude 3.5 on September 15. A
similar sequence occurred in September, 1978 (Weaver et al., 1982). In Portland, Oregon a magni-
tude 3.8 earthquake was felt on August 1. Its depth was about 15 km, and it was followed

8
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immediately by one aftershock.

East of 120.5°W, a very interesting magnitude 4.5 earthquake, at 15 km depth occurred on
May 9th in the North Cascades about 40 km southwest of Okanogan and was felt in Omak, Wash-
ington. This is the largest earthquake we have located in this area since beginning instrumental
recording in 1970. Very little seismicity is seen in the North Cascades, although it is believed to
be the source region for the 1872 earthquake, the largest earthquake known to have occurred in
Washington or Oregon.

Publications

Havskov, J., S. Malone, D. McClurg, and R.S. Crosson, 1989, Coda Q for the state of Washing-
ton, BSSA, V. 79, pp. 1024-1038.

Ludwin, R. S., S.D. Malone, R.S. Crosson, A.I. Qamar, 1989 (in press), Washington Earthquakes
1985, in U.S. Earthquakes, National Earthquake Information Service.

Ludwin, R. S., S.D. Malone, R.S. Crosson, A.I. Qamar, 1989 (in press), Washington Earthquakes
1986, in U.S. Earthquakes, National Earthquake Information Service.

Ludwin, R. S., C.S. Weaver, and R.S. Crosson, 1989 (in press), Seismicity of Washington and
Oregon, in: Slemmons, D.B., E.R. Engdahl, D. Blackwell and D. Schwartz, editors,
Decade of North American Geology associated volume CSMV-];
Neotectonics of North America.

McCrumb, D.R., R.W. Galster, R.S. Crosson, R.S. Ludwin, D.O. West, W.E. Hancock, and L.V.
Mann, 1989, Tectonics, Seismicity, and Engineering Seismology in Washington, in
Association of Engineering Geologists, Washington State Centennial Volume, Wash-
ington State Department of Natural Resources, Division of Geology and Earth
Resources, Bulletin 78.

Neri, G. and S.D. Malone, 1989 (in press), An analysis of the earthquake time series at Mt. St.
Helens, Washington, in the framework of recent volcanic activity, Jour. Volcan.
Geother. Res.

Thompson, K.I., 1989 (submitted), Seismicity of Mt. Rainier - a detailed study of events to the
west of the mountain and their tectonic significance, BSSA.

Univ. of Wash. Geophysics Program, 1989, Quarterly Network Report 89-B on Seismicity of
Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1989 (in preparation), Quarterly Network Report 89-C on
Seismicity of Washington and Northern Oregon

Abstracts

Jonientz-Trisler, C., C. Driedger, and A. Qamar, 1989 (in press), Seismic signatures of debris
flows on Mt. Rainier, WA, EQOS, Fall 1989 PNAGU.

Jonientz-Trisler, C., and A. Qamar, 1989 (in press), Debris flow seismograms from Mt. Rainier
and Mt. Adams, EQS, Fall 1989 AGU.

Miyamachi, H;, and S.D. Malone, 1989 (submitted), Relocation of earthquakes at Mount St. Helens
using a three-dimensional velocity model, EOS.

Nielson, E.A., R.B. Waitt, and S.D. Malone, 1989, Eyewitness accounts and photographs of the 18
May, 1980 eruption of Mount St. Helens, Wash., LA.V.C.E.I. General Assembly
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SEISMOLOGICAL DATA PROCESSING
9930-03354
John Evans, Greg Allen, Moses Smith

U.S. Geological Survey
345 Middlefield Road
Menlo Park, Ca.

(415) 329-4695

INVESTIGATIONS

The purpose of this project is to provide for both general

purpose and specialized computer systems and data communications
required by the branch of Seismology and its research collaborators.
Some systems are required to meet the general computing needs of
scientists in the earthquake prediction program. Other specialized
systems monitor earthquakes in northern and central California,

in real-time around the clock, or perform specific data acquisition
and processing.

To meet the stated project goals, this project has responsibility
for maintaining and enhancing existing computer systems and computer
communication networks in addition to planning and purchasing new
systems. Existing systems include a DEC PDP 11/70 UNIX system, an
ISI Motorola 68020 UNIX system, a SUN 4/280 (sparc) UNIX system, two
SUN 3/50 UNIX workstations, and nine SUN 3/60 UNIX workstations.

All of these systems are connected to networking facilities, which
include wide area networks (internet), a campus wide local area
network (ethernet), a digital data switch (ROLM), and phone links
(public and dedicated).

Recent work has focused on: increasing disk storage on the

SUN 4/280; providing a tape back up system for the SUN 4/280;
installing a data communication network for the administrative
personel’s computers; moving the PDP 11/70’s RTP data aquisition
functions to another computer system.

RESULTS

A new disk (1234 megabytes) and a new tape system (2.3 gigabyte per
cartridge) have been purchased for the SUN 4/280. Both the disk
and tape system should be installed by the first week of October,
1989,

The hardware and software for a PC network, to service the
administrative personnel’s computers, has been ordered and should be
installed during October 1989,

Moving the PDP 11/70’s RTP data aquisition functions to another
computer system is in a research and planning mode.

10



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)329-4730

Investigations

Maintenance and recording of 346 seismograph stations (447 components)
located in Northern and Central California. Also recording 68 components from
other agencies. The area covered is from the Oregon border south to Santa
Maria.

"Drop outs" of seismic data in J120 discriminators during large events.

Results

1. Bench Maintenance Repair

A. seismic VCO units 251
B. summing amplifier 18
C. seismic test units 5
D. VO2H/JO2L VCO Units 15
E. FBA VCO Units 6
2. Production/Fabrication
A. J512A VCO units 37
B. J512B VCO units 9
C. summing amplifier units 10
D. dc converter/regulators 24
E. seismic test units 1

3. Modifications
JJ501/502 22

4. Discriminator Tuning
J120 239

5. Increased clamping circuit time constants of 48 ea J120 discriminators. 46

of 48 modified discriminators did not drop out during 9/21/89 Mendocino
event.

11
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6. Equipment Shipped
A. 76ea, J120 tuned discriminators to University of Utah
B. 60ea, J601 dc-dc converters to Cal Tech
C. 60ea, J120 discriminators to Cal Tech
7. New seismic stations: LSH, MMIN, MMIV,MMT
8. Stations deleted: PGHA, PGHB, PGHC, LBM, MNPN, MNPV, MSLN.

9. Tuned the Corp of Engineer (San Francisco Division) microwave system to
manufacture specifications.

10. Refurbished the Reason Peak Receiver site to accomadate data
receivers/transmitters for Miami and Tom's mountain.

11. Connected 64 channel input to Willie Lee's portable IBM based computer
monitor.

12
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Central Aleutians Islands Seismic Network

Agreement No. 14-08-0001-A0259

Carl Kisslinger and Sharon Kubichek
Cooperative Institute for Research in Environmental Sciences
Campus Box 216, University of Colorado
Boulder, Colorado 80309

(303)492-6089

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network (Figure 1) consists of 13 high-gain, high-frequency,
two-component seismic stations and one six-component station (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 receiving 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 into a computer at four-times the
speed at which they were recorded. This computer then digitizes the data, automati-
cally detects events, demultiplexes each event, and writes them to disk. These events
are edited to eliminate spurious triggers, and a tape containing only seismic events is
created. All subsequent processing is done from 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 originally by E. R. Engdahl
which has been modified several times since then.

Data Annotations

A major maintenance trip was conducted during mid-July through September,
1988. Of the 28 short-period vertical and horizontal components, 16 were operating
for most of the time period May through July, 1988. By the end of the 1988 summer
field trip to Adak, all 28 components were operating. Our field team was able to
obtain use of a Coast Guard helicopter, at no cost to the project, and brought up AK2
and AK3, which had been down for about 6 years due to difficult access. A lightning
strike at the end of the summer field trip brought AD1Z and AD6H down again and
we were unable to repair them. However, due to the combined efforts of our
observers on Adak and Sean Morrissey over the past year, the network status is more
complete than it has been for many years. Table 1 shows the status of the network
for the time period October 1988 to the present. The minor winter maintenance trip
has not yet been done for this year but is planned in the near future.
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Current Observations

In late 1987, the network purchased a Sun 3/50 work-station, Sun 1600/6250
bpi tape drive and controller, and two 141 Mbyte hard disks to replace our PDP
11/70. Currently, the tape drive and Versatec are driven by a Sun 3/260 belonging to
CIRES, free of charge, while all of our computing is done on the Sun 3/50. We have
installed and customized the data analysis package developed at Lamont-Doherty
Geological Observatory and have been using it to locate earthquakes since August
29, 1988. Due to the down time associated with our move to a new building and
installation of the above system, we have modified our locating strategy in order to
maintain a sampling of seismicity after the May 7, 1986 major event (Mg 7.7), and
also remain as current as possible. As a result, we have a research assistant locating
the first week of every month after the May 7, 1986 event through June 1987, one
locator working in 1988, and one locator working in 1989.

In November, 1988, the PDP 11/34 used to digitize our analog data tapes died
and all affordable attempts to repair it failed. In the spring of 1989 we began testing
a new digitizing device on loan from Mr. Reese Cutler of Cutler Digital Design, and
software provided by Dr. Peter Ward of Menlo Park. This device is linked to a Sun
3/50 workstation and the combination can be used to replace the PDP 11/34. Dr.
Peter Ward of Menlo Park is currently using such a system to digitize his network
data on a real-time basis. We have more stations than Dr. Ward and are digitizing at
four times his rate (38 channels at 300 sps) but the Sun 3/50 and Cutler Digital
Design Data Sampler are able to handle this and produce high quality data compati-
ble with the PDP 11/34. We began digitizing June, 1989 data in late August, 1989.
Our only problem results from the fact that this Sun 3/50 is also used for locating
earthquakes and analysis of our data. Such a small machine cannot handle both our
tasks, digitizing at 300 sps and analysis, at the same time without the operating sys-
tem hanging and requiring a re-boot to clear the system. As a result we are two
months behind in digitizing, requiring that some data tapes with good film backup
and few events be erased before digitizing in order to maintain supply to Adak. The
recommended solution is to have two separate machines; one for digitizing and one
for analysis so that each task can be done uninterrupted. Digitizing and locating both
suffer when the one machine used for both is down 2 or 3 times daily. We are hope-
ful that a CPU and memory upgrade to a Sun 3/60 will allow us to digitize and
analyze at the same time with fewer problems, since we cannot afford two machines.

The location work has proceeded well; 67 earthquakes were located during
November 1 - 8 and December 1 - 7, 1986; 136 earthquakes were located during
October, November, and December, 1987; and 61 earthquakes during June, 1989.
No more events have been located in 1988 at this time. The grand total for all three
time periods located since May, 1989 is 274, about half the rate of last period due to
the interference with the digitizing process.

Epicenters of all the located events for 1986, 1987, and 1989 are shown in Fig-
ures 2a, 2b, and 2c and vertical cross-sections are given in Figures 3a, 3b, and 3c.

Two of the events located with data from the Adak network for 1986 were large
enough to be located teleseismically (USGS PDEs). A number of other teleseismi-
cally located aftershocks within the network region are difficult for us to locate due
to their arrivals being masked by the codas of other aftershocks. Also, 10 of the
events located with data from the Adak network for the specified dates in 1987 and 4
in 1989 were large enough to be located teleseismically (USGS PDEs). Because of
the large number of aftershocks of May 7, 1986, a decision was made to not locate
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earthquakes with duration magnitudes (M) of less than 2.3 for 1986 and 1987. How-
ever, all events are being located for 1988 and 1989.

A catalog has been complied of the located events which occurred in 1986,
1987, and 1989. The catalog is complete for events within the specified time inter-
vals with M¢22.3 for 1986 and 1987, and is complete for all events in 1989,

More detailed information about the network status and a catalog of the hypo-
centers 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 Techn-
ical Summary for U.S.G.S. Grant No. G1368.

Improvements in Analysis Techniques

In the past, the Central Aleutians Seismic Network duration magnitudes have
been smaller than USGS m,, value for larger events by approximately one unit of
magnitude. Recent research has exposed some additional inconsistencies with the
traditional method of determining magnitude for events in the central Aleutians. To
correct these problems we are developing a new formula which has been scaled to
agree with the magnitudes reported in the Preliminary Determination of Epicenters,
but yields the same value for small events. The resulting preliminary formula is:

Mg=1.0+.63[log;02t+.003A+.003z]

where My is the duration magnitude, t is the duration measured from the S arrival, A
is the epicentral distance, and z is the depth. As yet, this formula is not being used
routinely for magnitude calculations. A discussion of research on this problem can
be found in the report of Grant No. G1368 elsewhere in this volume.

Due to the manner in which the new digitizer determines the user-supplied sam-
pling rate, our sampling rate was increased from 75 sps to 84 sps for all data digitized
since August, 1989. This represents a slight increase in resolution and a slight
increase in storage requirements, but has not otherwise effected analysis.

15



S1 N

| § L I T T
o g &
. O
5 o :
o °
D
o
LI 0
s b 1 1 1 ¢ o
178 W 177 W A \ZGW 175 W
LEGEND
" = 2.2 and balow NOVEMBER-DECEMBER 1986 -
° =231 3.0 15 km
o =31 1: 3.9 UNIVERSAL TRANSVERSE MERCATQR PROJECTION
O = 4.0 10 4.9 67 EVENTS
= PDE itude
o T e ALL DEPTHS

Figure 1a: Map of seismicity which occurred November 1 - 8 and December 1 - 7,
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
magnitude determined from Adak network d
on the west to Great Sitkin on the east) indicate

seismic network.

16

symbols which indicate the duration
- The islands mapped (from Tanaga
the geographic extent of the Adak



G

° o & TQ", o .%Oo -
R a o® ° o?sd e
° O, 0 % o o°
- [} o
] o
(o] °
i8] a
o o o
o o ° °
51 N [ 1 1 1 3 . O 1 1
178 W 177 W 178 w 175 w
o]
LEGEND
' 22 ond bolow OCTOBER-DECEMBER 1987 -
°© =23 to 3.
0 =31 1039 UNIVERSAL TRANSYERSE MERCATOR PROJECTION 15 km
O = 4.0 fo 4.9
[J= PDE mognitude ALL‘ 3?)5&{';‘:;'_‘5
Figure 1b: Map of seismicity which occurred October, November, and December,
1987. Symbols as in Figure 1a.

17



I.1

. L] L | Ll T ¥
s2n Q i
O Q
o @
o
L . -
o, . o .
o .‘ ]
Qo
(o)
51N 1 2 1 q 1 [ _) 1
178 W 177 W 176 W 175 W
LEGEND
o= 2'22 :""’ :'::"’ JUNE 1 - 22 1989 j====|
° =231t 3.
0 = 3.1 10 3.9 UNIVERSAL TRANSVERSE MERCATOR PROJECTION 15 km
O = 40 10 4.9
= PDE magnitude 61 EVENTS
ALL DEPTHS

Fign;re lc: Map of seismicity which occurred June 1 - 22, 1989. Symbols as in Fig-
ure 1la,

18



DISTANCE (km)

50 100 200 300

400

0 T

. "

a @ ©
o

° &

- .
o gooo o @l

50

100

150

DEPTH (km)

200

250

300

NOVEMBER-DECEMBER 1986

Figure 2a: Vertical cross section of seismicity which occurred November 1 - 8 and
December 1 - 7, 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 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 indicate the duration magnitude determined from Adak network data. The
irregular curve near the top of the section is bathymetry.
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Alaska Seismic Studies
9930-01162

John C. Lahr, Christopher D. Stephens,
Robert A. Page, Kent A. Fogleman
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 329-4744

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. This region spans the Yakataga
seismic gap, and special effort is made to monitor for changes in
seismicity that might alter our assessment of the imminence of a
gap-filling rupture.

2) Cooperated with the USGS Branch of Alaskan Geology, the
Geophysical Institute of the University of Alaska (UAGI), and the
Alaska Division of Geological and Geophysical Surveys in operation
the Alaska Volcano Observatory (AVO). Under this program, our
project monitors seismicity near Mt. Spurr and Mt. Redoubt with a
l6-station network that includes 6 stations near each of these
volcanoes.

3) Cooperated with the Branch of Engineering Seismology and
Geology in operation of 15 strong-motion accelerographs in southern
Alaska, including 11 between Icy Bay and Cordova in the area of the
Yakataga seismic gap.

Results

1) The number of shallow earthquake hypocenters in southern
Alaska determined for the period January - June 1989 (Figure 1) is
nearly twice that of the first six-month period of 1988.
Similarly, the number of subcrustal shocks (Figure 2) is nearly
three times greater. These changes are attributed primarily to
systematic effects related to implementation of the digital event
detection system that incorporates data from both the USGS and UAGI
seismograph networks. In particular, many more events from the
area north of about latitude 62.5° N and from southwest of the
Kenai Peninsula are included in the processing, and the magnitude
threshold for including events from within the Wadati-Benioff zone
is lower than previously applied. Although preliminary, these new
data suggest that the 1level of crustal seismicity along and
adjacent to the Denali fault system west of about longitude 147°
W is comparable to that in the northern Cook Inlet region.

Despite the large increase in the number of located shocks,
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the general features in the spatial distribution of seismicity
within areas monitored by the USGS network (roughly between
latitudes 58°-62.5°N, and beneath the northern Gulf of Alaska) are
similar to those over the past few years. Important features of
the shallow seismicity include continuing aftershocks from the
1987/1988 sequence of large (Ms 7.0,Ms 7.6,Ms 7.6) earthquakes in
the northern Gulf of Alaska, persistent seismicity beneath Waxell
Ridge near the center of the Yakataga seismic gap and within the
aftershock zone of the 1979 St. Elias earthquake east of the gap,
clustered activity beneath Prince William Sound and along the
Castle Mountain-Caribou fault system north and northeast of
Anchorage, and activity along the volcanic arc west of Cook Inlet.
It is interesting to note that beneath northern Cook Inlet, where
two bursts of seismicity were observed in the previous six month
period, the rate of activity continues to be high. However, the
significance of any apparent changes in rates of seismicity is
uncertain at this time because current procedures for determining
magnitudes have not been calibrated against previous methods.

On July 16, a M 4.1 (m, 4.4) shallow earthquake occurred in
the aftershock zone of the August 1984, m, 5.7, Sutton earthquake.
The latter event involved dextral slip at 13- to 20-km depth on the
Talkeetna segment of the Castle Mountain fault system (Lahr and
others, 1986). Three aftershocks with magnitudes of 1.9, 2.0, and
2.6 were located. The focal mechanism for the July shock is very
similar to that of the 1984 earthquake. This event is the largest
to occur in the aftershock zone since 1984.

2) An extensive review of the literature was completed for the
DNAG paper, Seismicity of continental Alaska (Page and others,
1989). This paper reviews the seismicity of Alaska and discusses
this activity in the context of the current tectonic regime. The
seismicity is dominated by the intense activity that occurs along
the Pacific coast, and results primarily from the interaction of
the Pacific and North American lithospheric plates. Most of the
30 earthquakes of magnitude equal to or larger than 7.0 that have
occurred in continental Alaska since 1899 are located along this
coast. The largest instrumentally recorded interior shocks are of
magnitude 7.3, two near Fairbanks and one in western Alaska.

3) In addition to the routine maintenance of the high-gain
seismograph network, three new stations, including two that are
solar-powered, were installed within 13 km of the summit of Mt.
Spurr. These new sites were added to aid in the investigation of
the nature of shallow, swarm-like activity that occurs near this
volcano. A new station was also installed at Cape Yakataga with
a high-power VHF transmitter to improve coverage and detection
within the gap and to improve the reliability of data
transmissions. Reconfiguration of the telemetry circuits required
the installation of several new repeater sites on the Kenai
Peninsula, and modifications were made at other sites to interface
with state microwave facilities. A heavy-duty VHF whip antenna
installed last year at PWL survived the winter, thus offering a
relatively inexpensive solution to the long-standing problem of
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damage to Yagi-style antennas at sites that become buried by snow
each year,.

4) A Jjoint UAGI/USGS seismic center, the Alaska Earthquake
Information Center (AEIC), has been established at the UAGI
Seismology Laboratory in Fairbanks for recording and analyzing
Alaskan earthquake data and for disseminating information about
Alaskan earthquakes. By May, 1989, most of the USGS seismic
stations were being recorded at the UAGI and the seismic recording
equipment operated for the USGS by the Alaska Tsunami Warning
Center (ATWC) at Palmer, Alaska was dismantled dQuring June. During
August the capacity of the UAGI digital system was increased from
64 to 128 channels, allowing all of the stations being telemetered
to Fairbanks to be recorded. The AEIC will provide an improved
data base for studying Alaskan earthquakes, assessing their
hazards, and disseminating earthquake information and advisories
to government agencies and to the public. The expanded data set
will facilitate joint research projects and stimulate cross-
fertilization of ideas.

5) Seven of the strong-motion sites were visited, but no event
triggers occurred at these sites during the past year. The SMAl
located at the FAA in Yakutat was moved to the USGS building in
Yakutat.
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Figure 1. Epicenters of 1,024 shallow earthquakes that occurred between
January and June 1989. Magnitudes are determined from coda duration or
maximum amplitude., The magnitude threshold for completeness varies across
the network. Dashed contour outlines inferred extent of Yakataga seismic
gap. Neogene and younger faults shown as solid lines.

Figure 2. Epicenters of 1,242 intermediate and deep shocks that occurred
between January and June 1989. PWS - Prince William Sound. See figure 1
for details about magnitudes and map features.
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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, MS 977
Menlo Park, CA 94025
(415) 3294747

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 500 single
and multiple component stations in the network. The primary responsibility of this project is
to monitor, process, analyze, and publish data recorded from this network.

This project continues to maintain the primary seismic data base for the years 1969 to the
present on both computers and magnetic tapes for those interested in doing research using the
network data. As soon as older data are complete and final the preliminary data base is
updated with the final phases and locations.

For nearly two decades this office monitored the earthquakes in Yellowstone National Park
and vicinity, The data from these earthquakes have been collected and processed, and approx-
imately 7000 events have been located for the time period 1959 to 1986. These data are
currently being used to produce a map of epicenters for the region. This map will compliment
both the recently published catalog of earthquakes for 1973 to 1984, and a map and cross sec-
tions for 1964 to 1981, covering the same area.

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.

Results

Figure 1 illustrates 8353 earthquakes located in northern and central California and vicinity
during the time period April through September 1989. This level of seismicity is normal for a
six month period as a staff of nine technicians and professionals typically processes 35 to 45
events per day. The largest earthquake during that time was a magnitude 5.2 event that
occurred on August 8, 1989. It was located approximately 15 kilometers north-northeast of
Santa Cruz and was probably on the San Andreas fault. It was preceded by a magnitude 5.0
earthquake on April 3 that occurred on the Calaveras fault approximately 14 kilometers
northeast of San Jose. On September 21 we recorded another magnitude 5.0 earthquake. This
one was located just off the the northern California coast, approximately 70 kilometers
southwest of Eureka.

Seismic data recorded by the network are being processed using the CUSP (Caltech USGS

Seismic Processing) system. CUSP was designed by Carl Johnson in the early 1980’s and has
since undergone some revisions for the Menlo Park operation. As of September 1, 1989 we
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have begun using revised CUSP software in a generic format. This new format will make
CUSP more universally acceptable to groups that are using or plan to use it in the future
because the commands are relatively non-specific to any particular group operation.

In the near future we plan to begin publishing, probably on a monthly basis, a preliminary
catalog of earthquakes for northern and central California. The format is not yet established
but it will probably be some type of listing of events accompanied by a text explaining the
processing and what is in the catalog, and a map showing the epicenters. The catalog will be
approximately complete at the magnitude 1.5 in the central core of the network and something
approaching M2.0 in the more remote portions of the net.

2.  The current catalog is relatively complete and correct through January 1989. The data from
March 1989 through August 1989 are complete, but some work remains to make corrections
on some problem events and identify the quarries that have been located. Data from Sep-
tember 1989 are still incomplete and some errors still remain to be identified and corrected.

3.  The map of earthquake locations for Yellowstone Park and vicinity for 1959 to 1986 is now
undergoing final revisions. It is expected to be finished and at the publisher by October or
November 1989.

4.  Steve Walter has been investigating the seismicity in the Medicine Lake region. A magnitude
4.0 earthquake occurred in that area on September 30, 1988 followed by many aftershocks.
The aftershocks have continued until the present and there has been renewed interest in this
region because of this activity and the possible implication of associated volcanic activity.
Steve has submitted an abstract for a talk to be presented at the Fall 1989 AGU meeting in
San Francisco. He will be describing the Medicine Lake swarm and related topics.

Reports

Klein, Fred, Lindh, Allan, and Walter, Steve, 1989, Central California earthquake animation
January - June 1989, U.S.G.S. Open-File Report 89-308 (video).

Walter, Steve, and Dzurisin, Dan, 1989, The September 1988 Earthquake Swarm at Medicine
Lake Volcano, Northern California (abstract), EOS, (in press).

29



I.1

42° _lJ_ll||I|lll||l|llJllIl|lllLlILIlLlI|Illl|ll|Illllllllllll||ll|lll|lll|| phifadt
3 a’ Ll U
j0o O\ o .. 5
-] O L] a ., i s} o E
- O a® @ z
41°— =
40°—]
3
B
39°—
=
38°—
= MAGNITUDES
- . 0.0+
37°—] . 1.0+
_:_ o 2.0+
E (] 3.0+
36° —
3 [ 4o+
—
- D 5.0+
35°— 100 KM § '
3 EENEERENEN @ A
: : *m *r o
T ——
'l'|'HHII|lllml|ﬂqlmmlrn]nmm||||||mrmlnlumH|||I|HIIHIHH|'I'l‘l'“
125° 124° 123° 122° 121° 120° 119° 118°

FIGURE 1. Seismicity for northern and central California
and vicinity during April - September 1989

30
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Investigations

This contract supported continued operation of a seismic network in the
western Great Basin of Nevada and eastern California, with the purpose of
recording and locating earthquakes occurring in the western Great Basin, and
acquiring a data base of phase times and analog and digital seismograms from
these earthquakes. Research using the data base was performed under USGS
contract 14-08-0001-G1524 and is reported elsewhere in this volume.

Results
Development of the network

A new computer system, based around a Microvax 1l running VAX/VMS and
the Caltech -U.S.G.S. Seismic Processing (CUSP) software is now in full operation
and replaces the former array of three computers which were being used in sup-
port of network operations (a PDP 11/34 computer recording real-time short-
period signals; a PDP 11/23 computer recording a continuous data stream of
asynchronous digital data from four three-component wideband (0.1 to 25 Hz)
outstations; and a PDP 11/70 computer.) Essentially all of the software has been
brought over from the PDP 11/70, including a sizeable library of C programs.
Pickfiles created on the 11/70 have been relocated on the Microvax, and we plan
to continue creation of pickfiles which are strictly compatible with these (the
picking software writes ASCII pickfiles from the MEM and GRM files created by
CUSP). Although the VMS system has a UNIX tar emulation, we have not com-
pleted software as yet to read the binary header and seismogram files written on
the 11/70, but understand that such software is available. Readers of this
report should note that the new systermn makes calibrated three-component digi-
tal data available with the standard network data stream, and that software is
now available to access this data quite easily and efficiently. Also, the array of
digital stations has been expanded to nine, giving quite widespread coverage of
Nevada by these digital stations.

The digital signals are mixed with the incoming analog data as follows.
Incoming data is converted to analog data (16-bit accuracy D to A converter)
and redigitized along with the analog data, thus making the time base common
to all recorded stations, and allowing us to intermix data from digital stations
with disparate sampling rates. These signals are recorded intermittently as dic-
tated by the CUSP program SPIDER, which detects events and directs event
recording to disc.

In addition, the digital data are brought into the computer exactly as they
arrive from the field in a continuous, asynchronous data stream through a
second DRV11-¥ parallel port. They are then recorded on an Exabyte streaming
tape device. 0.01-second time stamping is placed on every digital sample that is
written on the tape, together with station i.d. and error detection bits. These
Exabyte tapes are VMS COPY tapes accessible either via the CUSP software or
directly transportable to the Sun/UNIX system through the UNIX utility "dd",
where George Randall has written software to unpack the data and convert it to
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SAC format for analysis on that system. Direct comparison of the data recorded
either way shows that almost no loss of resolution occurs in the D to A to D pro-
cess: the digital traces being recorded on triggered events overlay the actual
digital data recorded down to the level of individual counts apart frorn noise of
about one bit.

Seismicity during report time

From 1 April 1989 through 31 September 1989 the University of Nevada
Seismological Laboratory located 1,568 earthquakes (fig 1, 2), most near Long
Valley caldera as has been the case for the last ten years. Of these, 27 were
magnitude 3 or greater. The most significant activity has been the ongoing
swarm of earthquakes under Mammoth Mountain, which has now been going on
for five months without interruption, far longer than any of the previous swarms
at that site.

More detailed monthly reports of seismicity can be obtained by contacting
the laboratory.
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Mammoth Earthquakes
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

William V. Stauder and Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
3507 Laclede
St. Louis, MO 63103
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity in the Central Mis-
sissippi Valley Seismic zone, in which the large 1811-1812 New Madrid earth-
quakes occurred. The following section gives a summary of network observations
during the first six months of the year 1989, as reported in Network Quarterly
Bulletins No. 59 and 60.

Results

In the first six months of 1989, 41 earthquakes were located 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 41 earthquakes located within a 4° x 5° region centered on 36.5°N and
89.5° W. The magnitudes are indicated by the size of the open symbols. Figure 2
shows the locations and magnitudes of 34 earthquakes located within a 1.5° x
1.5° region centered at 36.25° N and 89.75°W.

In the first six months of 1989, 63 teleseisms were recorded by the PDP 11/34
microcomputer. Epicentral coordinates were determined by assuming a plane
wave front propagating across the network and using travel-time curves to deter-
mine back azimuth and slowness, and by assuming a focal depth of 15 kilometers
using spherical geometry. Arrival time information for teleseismic P and PKP
phases has been published in the quarterly earthquake bulletin.

The significant earthquakes occurring in the first six months on 1989 include
the following:

1. April 27 (1647 UCT). New Madrid, Missouri. my, = 4.7 (BLA). Slight
damage (VI) at Steele, Missouri. Felt (V) at Gobler, Hayti, Kennett and
Senath, Missouri and at Blytheville AFB, Arkansas. Felt (IV) in parts of
Missouri, Arkansas, Tennessee, Kentucky and Illinois.

2. May 14 (0016 UCT). New Madrid, Missouri. my,;, = 3.7 (NEIS). Felt (IV) at
Canalou and Matthews. Felt (III) at Cooter, Doniphan, Fredricktown, Gray-
ridge, Kewanee, New Madrid, Risco and Senath. Also felt (III) at Pollard,
Arkansas and Bardwell, Hikman and Kevil, Kentucky.

In addition to servicing the network project personnel have been involved in
installation and bringing on-line the IRIS station at the Cathedral Cave site.
This station is located on the northwest border of the network and will provide
significant data for location and source characteristics studies, particularly for
events which occur in the Ozark uplift region of southeast Missouri.
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With a view toward the evolution of network hardware and processing,
several important software developments have been made. First, present PDP
11/70 analysis software, PING, has been ported to a SUN Sparc Station in such a
manner that permits the use without modification of archive tapes acquired since
1980. The other effort has been directed toward the implementation of a data
base management scheme for analyzing seismic traces and locating earthquakes.
This is an implementation of the Center for Seismic Studies data base and will
work on UNIX machines and on PC’s under DOS. Thus a single package works
both at the university and in the field.
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Consolidated Digital Recording and Analysis
9930-03412

Sam Stewart
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road Mail Stop 977
Menlo Park, California 94025

Investigations.

On February 1, 1989 the operational functions of this project,
along with appropriate personnel, were transferred to the "North
and Central California Seismic Network Processing" project
(9930-01160). See Rick Lester's report in this volume for a summary
of the CUSP network processing function.

The "Consolidated Recording and Analysis " project now has as its
primary goal the design, development and support of computer-based
systems for processing earthquake data recorded by 1large,
telemetered seismic networks. This includes (1) realtime systems
capable of monitoring up to 512 stations and detecting and saving
waveforms even from earthquakes registering just slightly above
background noise level, (2) near-realtime and offline graphics
systems to analyze, catalog and archive the detected waveforms, (3)
support and documentation for the users of the system.

Hardware for these systems is based upon Digital Equipment
Corporation (DEC) VAX series of micro-computers. Currently, this
includes the VAX 750, microVAX II, and VAXstations 2000 and 3200.

Software is based upon the DEC/VMS operating system, the CUSP
database system, and the GKS graphics systemn. VMS is a major
operating system, well documented and developed, and has a rich
variety of system services that facilitate our own system
development. CUSP is a state-driven data base system specifically
designed and developed by Carl Johnson of the USGS.

GKS is an international-standard graphics analysis package that
provides interactive input facilities as well as graphical output
to a workstation. We use the DEC implementation of GKS.

Results.
1. Realtime Data Acquisition: system development and support.

Realtime earthquake detection and data acquisition systems are
running at the Varian site and Halliburton site in Parkfield, CA.
The Varian site has been running throughout this report period.
The Halliburton site began useful work in June, 1989. At that site
a Vaxstation II computer is monitoring an array of 3-component
seismometers in each of 9 boreholes. Digitizing rate is 500
samples/sec per component.

39



I.1

The CUSP realtime system operating at the University of Nevada
(Reno) was modified to accept digital data directly. It now
collects the usual analog signals that are digitized at the
computer interface, and telemetered digital data.

The CUSP realtime system, as well as the Generic CUSP data
processing system, was installed at the Idaho National Electronics

Laboratory in September, 1989. Signals are input to the Vaxstation
3200 computer via a Camac Crate programmable interface.

Asynchronous DECNET software/hardware was installed and now
works between Menlo Park and Parkfield, and Menlo Park and
Pasadena. One use of it is to transfer waveforms from the Parkfield
Halliburton site to Menlo Park.

2. Data processing with the (Generic) CUSP system:
development and support.

The (Generic) CUSP data analysis system is now developed to
the point where all the pieces are in place, and now fine tuning
and elimination of bugs is underway. The CALNET seismic network
processing group in Menlo Park started using it with data beginning
September 1, 1989. (See Rick Lester's project cited above.) We
provide development and support services to the CALNET project, to
equivalent network projects at Pasadena and Reno, and to the Menlo
Park Parkfield Earthquake Prediction project.

3. Documentation of the Generic CUSP systenmn.

Online documentation of the CUSP system commands is available
on the Branch VAX/750 in Menlo Park. When you are working in a
CUSP environment, by typing CHELP (Cusp HELP) you enter into a
help-file structure that contains detailed descriptions of nearly
all CUSP commands, with many examples. There are options to make
hard copies as well. The online CHELP documentation feature allows
CUSP u<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>