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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
# 14-08-0001-A0616

Geoffrey A. Abers
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were collected and processed to obtain digital
waveforms, origin times, hypocenters, and magnitudes for local and regional earthquakes. The
data are used for earthquake source characterization, determination of earth structure, studies of
regional tectonics, analysis of possible earthquake precursors, and seismic hazard evaluation.
Yearly bulletins are available starting in 1984 through 1989.

Results

Shumagin network data were used to locate 137 earthquakes from January 1 to June 30, 1990,
bringing the total number of digitally recorded events in Shumagin network catalog to 5662 since
1982. The seismicity for the first half of 1990 is shown in map view on Figure 1 and in cross
section on Figure 2. Events shown by solid symbols are those events that meet the following
quality criteria: located by 8 or more P or S arrivals, vertical error from Hypoinverse less than 10
km, and horizontal error less than 5 km. Other events are shown by open symbols. These criteria
provide a rough indication of the location quality, and show that epicenters more than 100 km from
the nearest station are rarely well determined. Additional numerical tests of hypocenter stability
show that when the entire network is operating, shallow events west of 166°W, east of 156°W, or
seaward of the trench can not be reliably located. Also, depths of shallow earthquakes are only
well-determined beneath the Shumagin Islands (e.g., Figure 3). No events with mp 2 5.0 have
been recorded within the network since July, 1988. A shallow mp = 4.9 event beneath the Sanak
Basin (54.3°N, 161.5°W) was felt in Sand Point on June 19. This cluster has persisted throughout
the 17 years of newtork operation.

The overall pattern in Figures 1-2 resembles the long term seismicity (e.g., Figure 3).
Seismicity is concentrated near the base of the main thrust zone between 35 and 50 km depth, and
immediately above it within the overriding plate. Seismicity contours below 30 km depth parallel
the volcanic arc, rather than the trench, and become closer to the trench west of the network
(Figure 1). Seismicity appears to be sparse where the main thrust zone is shallower than 35 km,
between the Shumagin Islands and the trench. Deeper seismicity extends to depths of 200 km.
Some locations near 100 km depth on Figure 2 correlate with the lower plane of the double seismic
zone seen in long-term seismicity. The entire catalog since 1982 was relocated in a joint inversion
with 2D velocity variations, and stable locations were extracted (Figure 3). These relocations
show many details of the fine structure of seismicity and place tight (<5 km) bounds on the
thickness of the seismogenic zone.

The major activity during the last six months was the summer field season, July 3-28, 1990.
Because of the termination of DOE support for seismic monitoring, previously 2/3 of our
monitoring budget, we were forced to drastically scale back our processing operations and to
remove ~1/3 of our stations. A total of 5 stations (FPS, SNK, BLH, PN6, and IVF) and 3
telemetry repeaters were removed this summer; one of the vertical sensors was temporarily re-
installed at a repeater site on Unga Is. that previously had no seismometer (ZKB). The other major
network change was completion of the previously-planned installation of a 3-component Guralp
CMG-4 broad-band sensor (high-pass corner at 0.05 Hz) at our central site in Sand Point. The
instrument is currently recording velocity continuously at 20 s.p.s. and triggered at 100 s.p.s.
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Partial Support of Joint USGS-CALTECH
Southern California Seismographic Network

#14-08-0001-A0613

Clarence R. Allen
Robert W. Clayton
Egill Hauksson

Seismological Laboratory,
California Institute of Technology
Pasadena, CA 91125 (818-356-6912)

INVESTIGATIONS

This Cooperative Agreement provides partial support for the joint USGS-
Caltech Southern California Seismic Network. The purpose is to record and
analyze data from Ilocal earthquakes and generate a data base of phase data
and digital seismograms. The primary product derived from the data base is
a joint USGS-Caltech catalog of earthquakes in the southern California
region.

RESULTS

Seismicity

The Southern California Seismographic Network (SCSN) recorded 4426
earthquakes during the six months from April through September 1990, an
average of 738 per month, making it a relatively quiet reporting period
(Figure 1). The prominent areas of microseismicity were the usual ones: the
Coso and Kern River arcas, the San Jacinto fault, the southern Elsinore fault,
the Imperial Valley and the San Bernardino and Little San Bernardino
Mountain areas.

There were only two events of My 4.0 or larger. One was a Mp 4.6 Upland
aftershock at 2232 GMT on April 17. The Upland earthquake occurred on
February 28, 1990 just south of the San Gabriel mountain front, and had an
M1 of 5.2. The second largest earthquake this reporting period was an Mp4.2
that took place in the Salton City area, near the Clark fault on the western
edge of Imperial Valley, at 0338 GMT on August 31. This event was followed
by numerous aftershocks.

Aftershocks continued at a rate clearly higher than background in the
Oceanside sequence (Mp5.3 on July 13, 1986) and the Coalinga sequence
(ML6.3 on May 3, 1983).

Focal Mechanisms

The focal mechanism for earthquakes of M=23.5 are shown in Figure 2.
A total of 18 events of M>3.5 were recorded from 1 January to 30 September
and reliable focal mechanisms could be determined for 13 events. The six
events for which focal mechanisms were not determined were either
aftershocks or located near the edge or outside of the network. Two events
showing strike-slip faulting occurred near the Garlock fault in January. Six
events occurred along the San Jacinto fault zone. Two of these occurred
near the southern end of the Clark fault and showed right-lateral strike-slip
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faulting on a northwest trending plane. The 1990 Upland (ML =5.2)

mainshock was followed by a Mjp=4.6 aftershock on April 17, which showed
similar left-lateral strike-slip motion. Three events showing strike-slip and
normal faulting were recorded adjacent to the San Andreas fault.

Weekly Seismicity Report

In January 1990, the Seismographic Network initiated a weekly
seismicity report, patterned after a similar report issued by the U.S.
Geological Survey in Menlo Park. The language of the "earthquake report”
is aimed at the general public. So far, the report has been enthusiastically
received. A few members of the local media have started basing regular
news features on it.

TABLE . Locations and Focal Mechanisms of M>3.5 Earthquakes that
Occurred During January - September 1990

Origin Time Latitude Longitude Depth Mag  Focal Mechanisms

Day UT N W km ML Ddir Dip Rake
900111 0122 10.27 35-13.34 118-13.22 1.6 3.5 115 65 20
900119 1239 17.92 35-13.42  118-13.48 1.5 3.6 110 75 -10
900205 0051 01.93 33-29.83  116-27.29 10.8 35 115 75 30
900218 1552 59.97 33-30.26  116-27.22 104 42 110 75 20
900228 2343 36.71 34-08.27  117-42.16 4.1 52 310 70 O
900404 0213 39.78 34-19.28 117-05.64 2.9 37 125 8 O
900407 0107 05.26 33-51.63  116-09.29 4.3 3.8 105 4 -80
900417 2232 27.32 34-06.26  117-43.20 3.6 4.6 045 90 -160
900418 1432 49.36 33-51.62 116-09.52 9.5 3.6 155 75 30
900617 0608 05.43 34-02.65 117-15.28 13.6 3.7 345 80 -10
900805 2127 03.70 33-19.35  116-24.59 10.8 36 315 8 O
900831 0105 48.92 33-14.02  116-01.97 133 3.9 45 80 -150
900831 0337 59.89 33-14.11  116-02.47 13.3 4.2 310 75 -20

Publications Using Network ‘Data (Abstracts excepted).

Jones, Lucile, Kerry E. Sieh, Egill Hauksson, and L. Katherine Hutton, The 3
December 1988 Pasadena, California, earthquake: evidence for strike-slip
motion on the Raymond fault, Bull. Seismo. Soc. Am., 80, No. 2, 474-482,
1990.

Magistrale, Harold, Part I: Superstition Hills California earthquakes of 24
November 1989.Part II: Three-dimensional velocity structure of southern
California, Ph.D. thesis, California Institute of Technology, 1990.

Hauksson, E. Earthquakes, faulting and stress in the Los Angeles Basin, J.
Geophys. Res., 95, 15365-15394, 1990.
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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 83-station regional seismic telemetry network. USGS support focuses on the seismi-
cally hazardous Wasatch Front urban corridor of north-central Utah, but also encompasses
neighboring areas of the Intermountain seismic belt. Primary products for this USGS support
are quarterly bulletins and biennial earthquake catalogs.

Results (April 1-September 30, 1990)

General accomplishments. During the report period, significant efforts related to: (1)
adding redundancy to our capabilities for earthquake surveillance and response—including use
of a color-display terminal for rapid visual display of epicenters and development of software
for use with a battery-powered laptop computer for backup earthquake-location capability; (2)
siting and installing two new three-component telemetry stations in the Salt Lake Valley (one
located on deep alluvium and the other on bedrock) to examine site-amplification effects from
diverse seismic sources; (3) promoting, for the second time, a major initiative to the Utah state
legislature for modernizing seismic-network instrumentation in Utah; and (4) developing a
detailed proposal to the USGS for funding a first stage of our network modernization (PC-
based network recording, workstations for data analysis, and four digital seismographs) with
matching funds from the University of Utah.

Network Seismicity. Figure 1 shows the epicenters of 696 earthquakes (ML53.9) 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, 1990 to September 30, 1990.
The seismicity sample includes twelve shocks of magnitude 3.0 or greater (labeled in Fig. 1)
and five felt earthquakes (ML =3.9, 34, 2.8, 2.7, 2.6).

The largest earthquake during the six-month report period was a felt shock of ML3.9 on
June 28, 1990 (00:05 UTC), located 27 km southeast of Snowville. The earthquake was pre-
ceded by shocks of ML3.1 on June 24 (01:27 UTC) and ML3.4 (felt) on June 25 (22:06 UTC).
Other significant seismicity during the report period included: (i) continuing earthquakes in the
Blue Springs Hills area of north-central Utah (clustered epicenters 45 km west of Logan), the
location of an ML 4.8 earthquake on July 3, 1989; and (ii) a cluster of 57 earthquakes (20
events of magnitude 2.0-2.8) 38 km southeast of Salina (see clustered epicenters east of
Richfield). The latter cluster is about 14 km southeast of the location of an ML5.4 earthquake
on January 30, 1989.
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1. Regional Seismic Monitoring in Western Washington
and
2. Seismic Monitoring of Volcanic and Subduction Processes in Washington and Oregon

1. 14-08-0001-A0622
2. 14-08-0001-A0623

R.S. Crosson, S.D. Malone, A.l. Qamar and R.S. Ludwin
Geophysics Program
University of Washington
Seattle, WA 98195
(206) 543-8020
April 1, 1990 - Sept. 30, 1990

Investigations

Operation of the Washington Regional Seismograph Network (WRSN) and routine
preliminary analysis of earthquakes in Washington and Northern Oregon are carried out
under these contracts. Quarterly bulletins which provide operational details and descrip-
tions of seismic activity in Washington and Northern Oregon are available from 1984
through the second quarter of 1990. Final catalogs are available from 1970, when the net-
work began operation, though 1986. The University of Washington operates approxi-
mately 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. Addi-
tional details are included in our Quarterly bulletins.

During this reporting period we installed four new stations in central Oregon. These
stations had been planned for several years, but problems relating to telemetry routes
made installation impossible until this year, when the Oregon Department of Transporta-
tion (DOT) gave us access to their microwave network. The new stations are telemetered
via the DOT network to Portland, via the BPA (Bonneville Power Administration)
microwave net to Seattle, and then by phone line to the UW.

Excluding blasts, probable blasts, and earthquakes outside the U. W. network, 1083
earthquakes west of 120.5°W were located between April 1, 1990 and September 30, 1990.
Of these, 534 were located near Mount St. Helens, which has not erupted since October
of 1986. Fifteen earthquakes were reported felt in western Washington during the period
covered by this report. East of 120.5°W, 83 earthquakes were located, and none felt.

The largest earthquake during this reporting period was a M; 5.2 earthquake (PDE
M, 4.4) on April 14 at the edge of the North Cascades near the town of Deming. This
was part of a sequence of shallow earthquakes (less than 3 km deep) which began with a
Mc 4.3 earthquake on April 2, and included 91 events of magnitude 1.5 or greater. Thir-
teen of these earthquakes were large enough to be reported felt to the UW. Investigators
deploying portable equipment in the area reported that many additional earthquakes were
felt. Activity decreased through the summer, and ceased about the end of August.
Anthony Qamar of the University of Washington and James Zollweg of Boise State
University are preparing a paper on this sequence.

An unusual earthquake of magnitude 3.2 occurred near Tillamook, Oregon at ~ 45
km depth on April 6, and was felt in northwestern Oregon. Earthquakes at this depth as
far south as Oregon are quite rare, although not unknown.

Publications

Barker, S.E. and S.D. Malone, 1990 (submitted), Magmatic system geometry at
Mount St. Helens modeled from the stress field associated with post-eruptive
earthquakes, JGR.
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Ludwin, R. S., S.D. Malone, R.S. Crosson, A.l. Qamar, 1990 (in press), Washington
Earthquakes 1985, in U.S. Earthquakes, National Earthquake Information
Service.

Ludwin, R. S., S.D. Malone, R.S. Crosson, A.l. Qamar, 1990 (in press), Washington
Earthquakes 1986, in U.S. Earthquakes, National Earthquake Information
Service.

Ludwin, R. S, S.D. Malone, R.S. Crosson, A.L. Qamar, 1990 (in press), Washington
Earthquakes 1987, in U.S. Earthquakes, National Earthquake Information
Service.

Ludwin, R. S., S.D. Malone, R.S. Crosson, A.I. Qamar, 1990 (in preparation), Wash-
ington Earthquakes 1988, in U.S. Earthquakes, National Earthquake Infor-
mation Service.

Ludwin, R. S., S.D. Malone, R.S. Crosson, A.I. Qamar, 1990 (in preparation), Wash-
ington Earthquakes 1989, in U.S. Earthquakes, National Earthquake Infor-
mation Service.

Ludwin, R. S, C.S. Weaver, and R.S. Crosson, 1990 (in press), Seismicity of Wash-
ington and Oregon, in: Slemmons, D.B., ER. Engdahl, D. Blackwell and D.
Schwartz, editors, Decade of North American Geology associated volume
CSMV-1,; Neotectonics of North America.

Neri, G. and S.D. Malone, 1989, An analysis of the earthquake time series at Mt. St.
Helens, Washington, in the framework of recent volcanic activity, Jour. Vol-
can. Geother. Res., Vol. 38, pp. 257-267.

Thompson, K.I., 1990 (in preparation), 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, 1990, Quarterly Network Report 90-A on
Seismicity of Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1990, Quarterly Network Report 90-B on
Seismicity of Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1990 (in preparation), Quarterly Network
Report 90-C on Seismicity of Washington and Northern Oregon

Abstracts

Jonientz-Trisler, C., C. Driedger, and A. Qamar, 1990, Seismic signatures of debris
flows on Mt. Rainier, WA, EOS, Vol. 71, No. 36, p. 1068

Jonientz-Trisler, C., and C. Driedger, 1990 (in press), Seismic evidence of historic
debris flows and dry season floods on Mount Rainier, Washington, 1961-
1990, EOS, Fall 1990 PNAGU

Moran, S. C,, and S.D. Malone, 1990, Pre-1980 seismicity at Mt. St. Helens: is the
past the key to the present, EOS, Vol. 71, No. 36 p. 1067

Moran, S. C.,, and S.D. Malone, 1990 (in press), Focal mechanism solutions from
recent earthquakes in the deeper magmatic system at Mt. St. Helens, EOS,
Fall 1990 PNAGU

Qamar, A. and J. Zollweg, 1990 (in press), The 1990 Deming Washington earth-
quakes: a sequence of shallow thrust earthquakes in the Pacific Northwest,
EOS, Fall 1990 PNAGU

Nabelek, J., K. Werner, R. Yeats, and S. Malone, 1990 (in press), The August, 1990,
Woodburn, Oregon earthquake sequence: constraints from broadband
regional recording and geological implications, EQS, Fall 1990 PNAGU.
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Seismological Data Processing Project
9930-03354

John Evans, Greg Allen, Moses Smith
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 329-4753

This Project provides UNIX computer support to the Branch of
Seismology. “"Investigations, results and reports" are not part
of our duties. We supply network management, systems management,
installation, backups, maintenance, and trouble shooting to
Branch UNIX computers. There are currently 18 UNIX computers in
the Branch of Seismology: an Integrated Solutions Inc., multi-
user system; a SUN 4/280 file server; 6 SUN SPARCstation 1s; 6
SUN 3/60 workstations; 2 SUN 3/50 workstations; 1 SUN 3/80
workstation; 1 SUN SPARCstation SLC.

During the last 6 months of FY90 we provided the following
services for the Branch:

1. Maintained RTP data system buffer service to Branch UNIX and
VAX computers.

2. Supported the Branch Administrative Office's PC network, by
installing hardware and software.

3. Started the upgrades of the SUN computers to the latest
version of the SUN operating system.

4. Upgraded the Alaska project's SUN 3/60 computers to
SPARCstation 1s.

5. Installed 2, Branch of Seismology, Apple MacIntosh
computers, on the Branch of Tectonophysics Appletalk
computer network.

6. Purchased a SUN SPARCstation SLC in order to provide a
"public Branch workstation.

7. Continued supplying backups for the UNIX computers.

8. Arranged for various hardware repairs for the UNIX
computers.

9. Started planning for the retirement of the ISI UNIX
computer, and subsequent move of users to the SUN 4/280
computer.

12
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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)329-4730

Investigations

Maintenance and recording of 342 seismograph stations (446 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.

Results
1. Bench Maintenance Repair
A. seismic VCO units 169
B. summing amplifiers 24
C. Seismic test units 4
D. VO2H/ VO2L VCO units 45
E. DC-DC converters 10
2. Production/Fabrication
A. J512A VCO units 10
B. J512B VCO units 12
C. dc-dc converter/regulators 8
D. summing amplifiers 17
E. VO2H/ VO2L VCO units 8
3. Completed Open File report: "J312, J412H, J512a Field Note Summary"
4. Connected additional 128 channel input to Willie Lee's portable IBM based monitor.
5. Shortened and rerouted cables from telemetry frame to PI tape recorders.
6. Completed RFP and technical evaluation for two additional field technicians.
7. Order parts for the fabrication of 100ea J512 VCO's
8. Updated documentation of wiring list from discriminator out to CUSP and RTP
9. New seismic stations:

CSV (Stone Valley), MPRV, MPRZ (Pilot Ridge), PRP (Reason Peak), LSR (Sweetbrier).

10. New seismic components

11.

MHDZ (Hidden Dam), CBRN (Bollinger Canyon Road), KCPZ (Cahto Peak), LSFZ
(South Fork), LRDZ (Redding Peak).

Stations deleted:
LRSZ, LRSV, LHH, LMDN, LMDE, LSS, LGH (Medicine Lake); CDUN (Duarte Ranch),
LCA, (Castella), JLPI, JLPJ, JLPK, JLPF, JLPZ (Loma Prieta)

13
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Central Aleutians Islands Seismic Network

Agreement No. 14-08-0001-A0259

Carl Kisslinger, Sharon Kubichek, Bruce Kindel, and Julie Hill
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 consists of 13 high-gain, high-frequency, two-component
seismic stations and one six-component station (ADK) located at the Adak Naval Base. Sta-
tion 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 through an analog-to-digital (a-to-d) con-
verter into a computer at four-times the speed at which they were recorded. This computer
then digitizes the data, automatically 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 originally developed for this project by E. R. Eng-
dahl, which has been modified several times since.

Data Annotations

The scheduled maintenance trip for summer 1990 has not been conducted yet, due to
medical problems of contract personnel. Currently, the only major unit not working on Adak
is the satellite link with the GOES time clock. This does not present a problem as the network
has a second functioning clock. Three stations are down as a result of a lightning strike at the
end of the 1988 summer maintenance trip.

Current Observations

Since August 1989, we have been digitizing and locating all of our data on a SUN
workstation with a Cutler Digital Design a-to-d converter. In January 1990, this workstation
was upgraded to a SUN 3/60 level CPU with 8 megabytes of internal memory (RAM). This
has helped somewhat with our system hang problems; however, we still have a system hang
an average of two times a day when digitizing. Discussion with SUN hardware personnel
revealed that this level of workstation can adequately support no more than three peripherals
on the SCSI bus. With our disk drives, cartridge tape unit, and the a-to-d converter, we have
4 peripherals on the SCSI bus. SUN personnel expressed some surprise that we were func-
tioning at all with this load. This situation cannot be improved without purchase of a second
workstation for which we do not have funding. Despite this problem, we are now up-to-date
on digitizing 1990 data and have begun to digitize older data (early 1989 and 1988). We are,
however, about three months behind in locating current data and still have a backlog of 1988
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and 1989 data to locate. In May, 1990, version 4.1 of the UNIX operating system was
installed. No major problems resulting from the system upgrade have been encountered and
version 4.1 seems to better handle the digitizing process.

The location work for this report includes: (1) 75 earthquakes located for September,
1989; (2) 260 earthquakes located for March, April, and May, 1990; and, (3) S1 earthquakes
located for a special study of events that occurred during Janvary 8 - 10, 1989. Included in
the March, 1990 results is a subset of data, consisting of the M, 6.3 earthquake that occurred
on March 12 and forty-nine of its aftershocks. This subset, as well as the January 8 - 10, 1989
data, are part of a continuing study of seismicity patterns in the Andreanof Islands region.

The total of events located for all time periods is 386. Twenty-five of the 1989 events
and twenty-two of the 1990 events, which were located with data from the Adak network,
were also large enough to be located teleseismically (U.S.G.S. PDEs). The epicenters of the
March, April, and May, 1990 events are shown in Figure 1 and a vertical cross-section of the
data is given in Figure 2. It should be briefly noted that the level of seismic activity for May,
1990 (Figure 1) is similar to the pre-1982 level. This suggests that the interpreted period of
quiescence, from 1982 until the M, 7.7 earthquake in May 1986, has ended (Kisslinger,
1988).

More detailed information about the network status, maps and cross-sections for the
1989 data, and a catalog of all hypocenters determined for the time period reported 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. G1368.

References

Kisslinger, C. (1988). An experiment in earthquake prediction and the 7 May 1986
Andreanof Islands earthquake, Bull. Seism. Soc. Am. 78, 218-229.
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Figure 1: Map of seismicity located for March, April, and May, 1990. 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 U.S.G.S.; 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 located for March, April, and May, 1990.
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 U.S.G.S.; 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 bathymerry.
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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 Middelfield Road
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
operating the Alaska Volcano Observatory (AVO). Under this
program, our project monitors the seismicity of the active
volcanoes flanking Cook Inlet and operates six- and an ten-
station arrays of seismographs near Mt. Spurr and Mt. Redoubt,
respectively.

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

Results

1) Preliminary hypocenters determined using data from the
regional network for the period January-June 1990 are shown in
Figures 1 and 2. Shallow seismicity (Figure 1) tends to be
concentrated in many of the same areas that have been active for
at least the last few years. Apparent decreases in the rate of
shallow seismicity in an around the Yakataga seismic gap and
Prince William Sound are most likely a systematic effect caused
by station outages and by the less reliable nature of current
event detection and recording procedures in these areas. For the
area extending from west of Prince William Sound to the volcanic
arc, a sharp increase in the magnitude level for completeness of
both crustal and subcrustal shocks that occurred after April 1990
also appears to be a systematic effect caused by a change in
event detection procedures.

Notable earthquakes that occurred within this time period
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include: 1) a magnitude 4.5 M, (4.2 m ) shock on May 21, located
42 km deep near latitude 61.3° N, longitude 145.0° W. This
event, at the northwest corner of the Yakataga seismic gap, is
one of the largest shocks known to occur within the
northeastward-dipping Wrangell Wadati-Benioff seismic zone (WBZ).
A prelimiary focal mechanism determined using initial P-wave
polarities indicates that the least-compressive stress axis dips
westward at a shallow angle, normal to the dip direction of the
subducted plate. 1In contrast, events within the northwestward-
dipping Aleutian WBZ to the west have least-compressive stress
axes that are oriented predominantly downdip. 2) a crustal shock
of magnitude 5.2 (4.9 m) on January 7 located near latitude
65.1° N, longitude 149.3° W. This event had at least one
foreshock, a magnitude 2.4 event that occurred 15 s before the
mainshock, and 17 aftershocks with magnitudes ranging from 1.1 to
2.2 that occurred within 24 h; the largest aftershock was a
magnitude 3.1 event that occurred on January 14. 3) An unusual
earthquake doublet within the Aleutian WBZ about 30 km southeast
of Redoubt volcano on March 9-10. These shocks both had
magnitudes of about 5 (the second one being slightly smaller),
were located about 2 km apart, and were separated in time by
about 13.5 h. On June 7, another shock of about magnitude 5
occurred within about 15 km of the earlier pair, and 4) A tight
cluster of crustal shocks related to the recent eruptive sequence
at Redoubt volcano.

2) The eruption sequence at Redoubt volcano, which began on
December 14, 1989 (Alaska Volcano Observatory Staff, 1990),
continued until April 21, 1990. Of eight major eruptions that
occurred between March 5 and April 21, five were preceded by
detectable swarms of long-period (0.3-0.5 s) events. Although
weak compared to the dramatic swarms that presaged the largest
eruptions, which occurred on December 14 and January 2, these
swarms were the basis for warnings issued before the eruptions on
March 23 and April 6. Near the end of the sequence, eruptions
occurred at remarkably uniform intervals, averaging 4.5 + 0.9
days for February 15-March 14 and 8.0 + 1.2 days for March 14-
April 15 (Page and others, 1990). Times of eruptions were
predicted by linear extrapolation of previous eruptions. On this
basis, advance warning was provided for the April 15 eruptions,
which occurred within the 3i-day, 70-percent prediction window on
April 12. No detectable swarm preceded this eruption, hence is
could not have been forecast on the basis of seismicity.

Two new vertical-component seismographs were installed on
Redoubt volcano in close proximity (within about 340 m) to the
existing site RSO, located 2 km south of the summit, in order to
investigate in more detail the slowness and coherence of seismic
waves generated by volcano-related earthquakes. The site RED,
located 7 km south-southwest of the summit of Mt. Redoubt, was
upgraded to a three-component station.

3. Upgrades to the regional network of high-gain seismographs
during routine maintenance included convertion of the station CRQ
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to solar power. Operation of many of the remote sites using
solar power has proved to be reliable and cost effective. For
example, the station SKN operated for 5 years on solar power
without interruption or field visits.

No strong-motion recorders were triggered by earthquakes in
southern Alaska during the last year. The strong-motion recorder
at Whittier was moved to Portage.

4. Throughout the eruption sequence at Redoubt volcano, AVO has
relied on a PC-based data acquisition program (MDETECT;
Tottingham and others, 1989) that was modified to also generate
spectral data using a digial-signal-processing board (Rogers,
1989). Recently this software was further modified to write the
spectral data to disk files in SUDS format (Ward, 1989) and to
send the data to the parallel port for communication with another
PC.

Modifications to correct a timing problem on the 128-channel
multiplexer board designed by Ellis (1989) were completed. Two
modified boards have been operating successfully on PC-based data
acquisition systems in Menlo Park for several months. The
installation of one or more boards in Fairbanks is awaiting the
porting of software that includes spectral analysis of seismic
signals.

A menu-driven dBase (Aston-Tate Corp., Torrence, CA)
application program was written to manage three data bases that
cover purchases, field operations and inventory.
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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) 329-4747

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.

2. 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.

3.  Lately video has become increasingly useful in documenting research activities being con-
ducted by the USGS, especially activities related to the Parkfield Prediction Experiment.
In addition, computer animation of geophysical data sets have allowed researchers to
study the data in time series and in 3-dimensions. The two technologies work well in com-
municating the research being done here to a wide audience that includes other geoscien-
tists as well as untrained but interested laymen who are able to understand the material
when it is presented in a visually appealing way.

4.  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

1. Figure 1 illustrates 11345 earthquakes located in northern and central California and
vicinity during the time period April through September 1990. This level of seismicity is
higher than normal for a six month period. The increase is due primarily to the most
important earthquake sequence in California in many years, the aftershocks of the Loma
Prieta Earthquake of October 1989. That earthquake occurred on October 17, 1989 in the
Santa Cruz Mountains, approximately 16 kilometers northeast of Santa Cruz. To date
we have located more than 7000 aftershocks and they are continuing at a rate of about 3
to 4 per day of all magnitudes. The largest aftershocks recorded include a magnitude 5.2
aftershock 37 minutes after the mainshock, a magnitude 5.0 aftershock on October 19,
1989, a magnitude 5.4 aftershock on April 27, 1990, and a magnitude 5.0 on April 27.
The aftershocks are occurring in a 55 kilometer long zone from south of Los Gatos at the
north end to east of Watsonville at the south end (Figure 1).
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Some of the increase in seismicity during this time was also due to a sequence of earth-
quakes in the Alamo area of central California, mostly during the month of April. The
sequence included three magnitude 4 or larger quakes and a few hundred smaller ones.
The largest, magnitude 4.6, occurred on April 27.

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. On September 1, 1989
we began using revised CUSP software in a generic format. This new format makes
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 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 esta-
blished 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.

The current catalog is relatively complete and correct through July 1990. The data from
August and September are incomplete and some errors still remain to be identified and
corrected. Some additional data need to be added to all months from outside sources and
quarry blasts need to be identified for July through September.

New hardware was purchased for the new Geologié Division video editing room by Steve
Walter. He is currently aiding in setting up the new facility which will greatly enhance
our ability to produce high quality videos.

Steve Walter continues to investigate the seismicity in the Medicine Lake region following
a magnitude 4.0 earthquake occurred in that area on September 30, 1988 followed by
many aftershocks. The seismicity has subsided to a very low level at the present time but
there has been renewed interest in this region because of this activity and it’s possible
relationship to associated volcanic activity. Steve is currently co-authoring a paper in
progress that will describe the historical seismicity and crustal deformation in the Medi-
cine Lake region.

Nan Macgregor and Dave Oppenheimer are currently analyzing data from the April 1990
Alamo earthquake sequence. Plans are to underway to relocate historical earthquakes in
the region and compare those with the April activity. Focal mechanisms will be deter-
mined for some of the more important earthquakes and used to define the regional stress
pattern in this area that lies between the southern end of the Concord fault and the
northern end of the Calaveras fault. Results of this investigation will be published later
this Fall or Winter.

Reports

None
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Western Great Basin - Eastern Sierra Nevada
Seismic Network

Cooperative Agreer ent 14-08-0001-A00
1 April 1990 - 1 September 1990

W.A. Peppin
Seismological Laboratory, MS 168
University of Nevada
Reno, NV 89557
(702) 784-4315

Investigation

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 form these earthquakes. Research using the data
base was performed under USGS contract 14-08-0001-G1524 and is
reported elsewhere in this volume.

Results

During the time period 1 April 1990 to 31 September 1990 2,080
earthquakes were registered by the University of Nevada within
the University of Nevada seismic network, which monitors the
eastern Sierra Nevada - Western Great Basin area with special
emphasis on the regions west of Reno, Nevada, within the
Excelsior Mountains, and near Long Valley caldera (Figqure 1).
Of these, 17 were magnitude 3 and greater, but none 1in the
Nevada region reached 4.0 in magnitude. Most of the
earthquakes are located near Long Valley caldera or Chalfant
Valley, showing a reduction in activity from the previous six
months. The swarm in the south moat of the caldera continues,
but with reduced levels of activity.

Seismicity in the vicinity of the caldera is shown in Figure
2. The south moat activity is the concentration just east of
the town of Mammoth Lakes. The activity north of Bishop is
the continuing aftershocks of the 1986 Chalfant Valley
sequence. Activity in the mountain block south of the caldera
continues to occur in a diffuse region of NNE lineations, as
it has for many years. Earthquakes continue to show under
Mammoth Mountain, just west of Mammoth Lakes, but at a far
reduced rate.

Catalogs covering the seismicity are in review, and will
shortly to be published for the time period through 31
December 1989 The previous network computer system, consisting
of a PDP11/70 and a PDP11/34 was replaced by the Microvax/CUSP
system on 7 November 1989. The completion of a bulletin
through 1989 will put, in a single place, all of the
information taken from the PDP11,/70 system. Every effort has
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been made to maintain consistent procedures in making the
transfer to the CUSP system, so that the completeness of the
catalog, the computation of magnitudes, and the location
procedures will be comparable. However, researchers should
note that some inconsistency is bound to creep in, and so use
of UNR catalog data through 1989 must be made with caution
through the transition period to CuSP. Before 7 November 1989
all of the catalog locations were obtained from the PDP11/70
system; after 1 January 1990 all come from the CUSP system;
for the two months November and December 1989 the catalog
contains a mix of events. Because of considerable computer
down time in December 1989, quite a bit of data was lost. We
are now working on merging data with the USGS CUSP system in
Menlo Park to recover this lost data, and plan to include this
'in our bulletin as well.

With the onset of the CUSP system, the network data stream now
includes calibrated digital waveforms from ten wideband (0.05
to 20 Hz) three-component digital stations located around this
region (Figure 3, showing UNR network stations as triangles
with the digitals named). Therefore, the MEM/GRM file pairs
after 7 November 1989 also contain this information together
with the uncalibrated vertical waveforms used for earthquake
timing. Also operating on the Microvax system is an Exabyte
data lcogger, which continuously records the incoming digital
data o¢n tape, and is being kept as an ongoing data library,
providing access to data for distant teleseisms and large
events. ‘Calibration pulses for the digital stations (not
complete at this writing) are found on the UNR Microvax system
in ROOT$DUAO:[CALPULSES]. The UNR computer can be reached
either by 1200-baud remote modem (numbers 702-784-1592 or
702-784-4270): please call Bill Peppin at 702-784-4975 for
informetion how to 1log onto the computer (KERMIT is
available). The microvax cluster can also be accessed through
the TELNET addresses 134.197.33.248 and 134.197.33.249 and
supports TCP/IP communications through the FTP file transfer
package from Wollongong and Associates.
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Figure 1

Nevada — Western Great Basin Seismicity
1 Apr 1990 through 31 Sept 1990
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Figure 2

Mammoth — White Mountains Seismicity
1 Apr 1990 — 30 Sept 1990
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0619

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
Mississippi Valley Seismic zone, in which the large 1811-1812 New Madrid
earthquakes occurred. The following section gives a summary of network
observations during the first six months of the year 1990, as reported in Net-
work Quarterly Bulletins No. 63 and 64.

Results

In the first six months of 1990, 102 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 98 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 90 earth-
quakes located within a 1.5° x 1.5° region centered at 36.25°N and 89.75°W.

In the first six months of 1990, 53 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 determine 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 of 1990
include the following:

1. January 24 (1820 UTC). Southern Indiana. mbLg 3.9 (FVM), 3.8 (NEIS),
4.0 (BLA). Felt (V) at Leavenworth, Ind. and Rhodelia, Ky. Felt (IV) at
Indiana cities of Branchville, Corydon, Derby, Grantsburg, Mauckport,
Magnet, Rome and Saint Croix. Also felt (IV) at Kentucky cities of Battle-
town, Brandenburg, Ekron, Guston, Hawesville, Lewisport, Payneville,
Sample, Stephensport, Union Star, Webster and West Point.

2. January 27 (1405 UTC). Southern Indiana. mbLg 3.6 (FVM), 3.5 (NEIS).
Felt (IV) at Indiana cities of Derby, Grantsburg, Magnet, Rome and St.
Croix. Also felt (IV) at Battletown, Ky.
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March 2 (0701 UTC). Southern Illinois. mbLg 3.7 (FVM), 3.6 (NEIS). Felt
(V) at Greenville, Hagarstown, Saint Peter, Smithboro and Vernon Felt
(IV) at Alma, Keyesport, Odin and Shobonier.

March 12 (1648 UTC). Missouri-Arkansas Border Region. mbLg 3.0
(SLU), CL 2.8 (CERI). Felt (IV) at Arkansas cities of Clarkridge, Hender-
son, Lakeview, and Mountain Home. Also felt (IV) at Howards Ridge,
Missouri.

March 18 (1622 UTC). Missouri-Arkansas Border Region. mbLg 3.3
(FVM), MD 3.0 (CERI). Felt (IV) at Alton, Missouri.

April 24 (0942 UTC). Southern Illinois. mbLg 3.2 (FVM), mbLg 3.0
(NEIS). Felt (IIT) at Martinsville, Illinois.
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I.

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.

The "Consolidated Recording and Analysis " project has as its
primary goal the design, development and support of
computer-based systems for processing earthquake data recorded by
large, telemetered seismic networks. This includes (1) realtime
systems capable of monitoring up to 1000 stations and detecting
and saving waveforms from earthquakes registering just slightly
above background noise level to very large ones, (2)
near-realtime and offline 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, 3100 and
3200.

Software is based upon the DEC/VMS operating system, the CUSP
database system, and the GKS graphics system. 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 designed for
systematically processing large numbers of earthquakes recorded
by large local seismic networks. It was 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.

The main goal for the last year has been to complete development
of the "Generic" version of CUSP. This is a more modular, more
generalized, more integrated version of CUSP than the one we have
used since 1984. The Generic CUSP consists of a realtime
earthquake event detection and processing module, the earthquake
(offline) processing module (QED, Quake EDitor) a new interactive
graphics module known as "TIMIT", a new interactive station
display program known as "STNMAP", and extensive online
documentation in the form of "help" files. Generic CUSP retains
the use of the Tektronix 4014 graphics terminals with the
high-speed graphics interface, and adds the ability to use the
DEC VS2000 and VS3xxx series of workstations for interactive
graphic analysis of earthquakes.
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Results.

1.

The various modules of Generic CUSP are essentialy finished,
in the sense that they can be used for routine network
processing operations. Practically, Generic CUSP will never
be "finished"; there will always be changes to make.

The CALNET processing project (see F.W. Lester, project
9930-01160, this volume) is ready to change to all new
CUSP processing modules. As reported earlier, that project
started using the generic CUSP database commands on
Sept.1,1989.

During this report period, we added three new DEC

3100 workstations to the VAXCluster environment, to be used
with the interactive timing program "TIMIT". CALNET
analysts are using these workstations routinely to time and
process earthquakes on the VAX/750 computer. The new
realtime earthquake data acquisition system, referred to as
the RT system, started serious operation for CALNET on Sept.
1, 1990. We are running it in parallel with the PDP 11/44
realtime system, to compare the results of the two systems.
Our goal is to have a smooth transition from the 11/44
system to the Generic CUSP RT system.

Digitizing of the daily FM-telemetry tapes has resumed.
This essential process came to a stop in February 1990 when
the o0ld Data General computer finally broke down. We bought
a used MicroVAX computer and installed our standard Generic
CUSP software on it.

Documentation was written for the TIMIT module.

We continue to provide CUSP software support, VMS operating
system support, and VAX hardware support to various seismic
networks in the western U.S. During this report period the
INEL seismic network came online using VAX/VMS, CUSP and
CAMAC technology, and the University of Nevada (Reno)
brought a third CUSP RT system online to to support
high-frequency data acquisition from foam-block fault slip
experiments.

We continue to provide hardware and software support for the
two Parkfield seismic networks (Varian and Haliburton).

During this report period we assumed responsibility for
providing VAX/VMS services to the Branch of Seismology in
Menlo Park.

Reports:

None.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0620
Ta-liang Teng and Thomas L. Henyey

Center of Earth Sciences
University of Southern California
Los Angeles, CA 90089-0740
(213) 740-5838

INVESTIGATIONS

This Contract provides partial support to monitor earthquake activity in the Los
Angeles Basin and the adjacent offshore area. Upgrade of network instrumentation is
accomplished by installing Optimum Telemetry System (OTS) for onscale waveform
recording of local earthquakes, and installation of more downhole seismometers has
improved network coverage and sensitivity necessary for an adequate seismic monitoring in
a large metropolitan area. An in-house funding is made available to install six 3-component
short-period stations on the USC campus. This tight array of stations is used primarily for
strong motion site effect studies.

RESULTS
The 1 July 1989 - 30 June 1990 Los Angeles Basin Seismicity

During this 12 month period, the seismicity in the Los Angeles Basin and its
adjacent area (Figure 1A) remains quite active; it is dominated by a strong cluster of events

centered around 34° 08' N 1170 42'. The main shock of this cluster of events is the
February 28, 1990 Upland earthquake of magnitude My.5.2 (revised from My 5.5 given in
last report). The cluster is shown on the top right of Figure 1A. The origin of this group
of events can be traced back to a smaller cluster taken place at the same location with the
ML 4.6 mainshock occurred on 26 June 1988. The activity in the Santa Monica bay
remains high; this can be related to two earlier larger events: a M 5.0 event on January 19,
1989 some 25 km south of Malibu, followed by a M1 4.0 event 10 km offshore southwest
of Point Dume on February 2, 1989. Except for the Long Beach to Seal Beach segment,
the Newport-Inglewood fault is very active from Beverly Hills to Newport. Along this
trend, events can be found as far south as Dana Point. Many events group around the
Whittier fault trend, some of them are Whittier Narrows aftershocks. A few sizable events

are located in the epicentral regions of the earlier 1988 Pasadena earthquake and the 1971
San Fernando earthquake.

The 1 April - 30 September 1990 Los Angeles Basin Seismicity

Figure 1B give the seismicity of the last six month period. There is no significant
change in the general pattern of event occurrence. The overall activity level appears to have
reduced somewhat. The four minor aftershock clusters noted above -- in Santa Monica
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bay, Whittier Narrows, Pasadena, and San Fernando -- have reduced to background levels.
But the Upland aftershocks are still going strong.

A plot of cumulative number of earthquakes in the monitoring area during 1 July,
1989 to 30 June, 1990 is given in Figure 2A. Clearly, the largest jump of this curve occurs
on 28 February, 1990 when the M 5.2 Upland earthquake and many of its aftershocks
took place.

Focal mechanisms of three largest Upland aftershocks are given in Figure 2B.
They are very consistent among themselves, giving a NE-striking left-lateral strike-slip
fault, which is essentially the same as the mechanism reported for the main shock.

The OTS waveform data from many Los Angeles basin earthquakes are used in a
study of earthquake sources, as well as a study of deep crustal reflections. Network data
are used for study of site effect. Strong motion data are used for source inversion and for a
calibration of the magnitude scale.
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Figure 1A. Seismicity recorded between July 1989 and June 1990 by the USC network.
LOS ANGELES BASIN EARTHQUAKES
April — September 1990
;.AJ..LU“JJJL“...A.Wx.... feal Loy eiiana
10 — 2
] < P
: i
] F
340 ”
: 3
] :
| :
1 f
500 - L
F
j r
] :
40" ? L
300 -
; ;
E 20 KM 3
Jvrrl 7—v—v|1—v—v—r1-[1—v—r|1—rv—rvlr1—r|[wr—ﬁrrv—'—wrw—r—rllvmuvr-|||l||||71—lnnrr—[-r1—t—rurnrv-vv
119° 50 40 30 20 10° 118° 50° 40'

Figure 18. Seismicity recorded between April 1, 1990 and September 30, 1990 by the

USC Los Angeles basin seismic network.

DEPTHS
+ 0.0+
[m} 5.0+
O 10.0+
a 15.0+
MAGNITUDES
° 0.0+
o 1.0+
[s] 2.0+
O 3.0+
4.0+
5.0+
6.0+
DEPTHS
+ 0.0+
0 5.0+
O 10.0+
A 15.0+
MAGNITUDES
° 0.0+
a 1.0+
o 2.0+
O 3.0+
4.0+
5.0+
6.0+
40



NUMBER OF EVENTS

LOS ANGELES BASIN EARTHQUAKES 1.1
July 1989 ~ June 1990
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Figure 2A, Cumulative number of earthquakes in the Los Angeles basin recorded by the
USC Los Angeles basin seismic network between July 1, 1989 and June 30, 1990.
LOS ANGELES BASIN EARTHQUAKES
July 1989 - June 1990
N P DU T IS TUUI PUUTT TS FEUU TEIN SR T PRV P ST
; March 2, 1990 |
. j M= 4.6
]

34°—]

50’

40"

30’

April 17, 1990
M= 4.6

j -
: r
J -
? [
4 L
]T) L
. 5
1 20 KM b
1 3
L o R o o L L e U R R AR R AR RN AR RS
119° 50 40’ 30 20' 10 118° 50’ 40
Figure 2B. Focal mechanisms of M > 4.0 earthquakes recorded in the Los Angeles basin

between July 1, 1989 and June 30, 1990.

March 1, 1990
M= 4.7
41



Field,Experiment Operations
9930-01170

John Van Schaack
Branch of Seismoclogy
U. S. Geologicai Survey
345 Middlefield Road MS-977
Menlo Park, California 94025
(415) 329-4780

Investigations

This project performs a broad range of management, maintenance.
field operation, and record keeping tasks 1n support of Sei1smoiogy and
tectonophysics networks and field experiments. Seismic fieid systems
that it maintains 1n & state of readiness and Cepiolys anc operaties If
the field (in cooperation with user projects) i1nciuaqe:

a. 5-day recorder portabie seismic systems.
b. "Cassette" seismic refraction systems.
c. Portable digital event recorders.

This project 1s responsible for obtaining the requirea pecmits
from private landowners and public agencies for instaiilation ana
operation of network sensors and for the conduct of a variety of fieid
experiments including seismic refraction profiiing, attersnock
recording, teleseism P-delay studies, volcano monitoring, etc.

This project also has the responsibiiity for managing aii raaio
telemetry frequency authorizations for the Office of Earthquakes.
Volcanoes, and Engineering and its contractors.

Personnel of this project are responsible for maintaining the
seismic networks data tape library. Tasks i1nciudes processing Qaliy
telemetry tapes to dub the appropriate seismic events and making
playbacks of requested network events and events recoraea on the 5-aay
recorders.

Results

Seismic Refraction

Personnel from this project were responsible for the iogistics ang
contracts for the TACT experiment 1n Alaska. The experiment consisteq
of about 700 instruments being deployed at 100 meter spacing for a
three hundred kilometer profile across the Brooks Range. Approximate:y
67 shots were fired at 47 different locations aiong the profiie. A&
method was developed to fire charges as large as 4.000 ibs i1n 1akes
with depths of 10 feet or less with effeciencies approaching that of
drilled shotholes.
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Portable Networks

Seventeen 5-day magnetic tape recorders, ailong with 5 aigitai
recorders and 8 telemetered sensors are being used in a tomographic
study of the Loma Prieta earthgquake rupture area. The experiment
started in July 1990 and will end in November 1990. Stations from tne
Central California Seismic network are aiso being inciuded in the
experiment.

Tape Dubbing

Magnetic tapes of all stations in the Central Cal. Net. are now
being dubbed at the M4 level for earthquakes, as a conseguence the
dubbing effort has been reduced by 60%. All smaller events to M2.5 are
digitized only and added to the gquarterly catalog and data library.
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Geothermal Seismotectonic Studies
9930-02097

Craig S. Weaver
Branch of Seismology
U. S. Geological Survey
at Geophysics Program AK-50
University of Washington
Seattle, Washington 98195
(206) 442-0627

Investigations

1. Continued analysis of the seismicity and volcanism patterns of the Pacific Northwest in an
effort to develop an improved tectonic model that will be useful in updating earthquake
hazards in the region. (Weaver, Yelin)

2. Continued acquisition of seismicity data along the Washington coast, directly above the
interface between the North American plate and the subducting Juan de Fuca plate. (Weaver,
Yelin, Norris, UW contract)

3. Continued seismic monitoring of the Mount St. Helens area, including Spirit Lake (where
the stability of the debris dam formed on May 18, 1980 is an issue), Elk Lake, and the south-
ern Washington-Oregon Cascade Range (north of Newberry Volcano). The data from this
monitoring is being used in the development of seismotectonic models for southwestern
Washington and the interaction of the Basin and Range with the Oregon Cascades. (Weaver,
Grant, Norris, Yelin, UW contract)

4. Study of Washington and northern Oregon seismicity, 1960-1989. Earthquakes with mag-
nitudes greater than 4.5 are being re-read from original records and will be re-located using
master event techniques. Focal mechanism studies are being attempted for all events above
magnitude 5.0, with particular emphasis on the 1962 Portland, Oregon event. (Yelin, Weaver)

5. Study of earthquake catalogs for the greater Parkfield, California region for the period
1932-1969. Catalogs from the University of California (UCB) and CalTech (CIT) are being
compared, duplicate entries noted, and the phase data used by each reporting institution are
being collected. The study is emphasizing events greater than 3.5, and most events will be
relocated using station corrections determined from a set of master events located by the
modern networks. (Meagher, Weaver)

6. Study of estuaries along the northern Oregon coast in an effort to document probable sub-
sidence features associated with paleosubduction earthquakes (Grant).

7. Study of seismically recorded rockslides and avalanches on Cascade volcanoes (Norris).
Results

1. Within the last few years the local seismic network around Mount Rainier has increased to
5 stations. The network was originally intended to provide increased hypocentral resolution of
the shallow earthquakes occurring beneath the summit, but recently it has allowed rockfalls
and debris flows to lg)e dc_;’tected as well. On August 16, 1989, a rockfall with an estimated
volume of 1-2 X 107 m~ fell from the 3400m level on Russell Cliff on the north side of
Mount Rainier. The rockfall was not visually observed due to poor weather, but it generated
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four discrete seismic signals that were widely recorded across the seismic network in Wash-
ington and northern Oregon. The signals showed characteristics of rockfall seismograms, and
computer analysis of one event showed it originated high on the north face of Mt. Rainier.
U.S. Geological Survey and University of Washington personnel advised officials at Mount
Rainier National Park of the rockfall, who searched their records for any climbers from that
area that had not reported in; fortunately, there were none. The seismic network allowed
detection of this rockfall in real-time nearly a full day before it was visually observed.

The success in detecting the Russell Clff rockfall has prompted a search of archived
seismic records for a seismogram from the December 1963 Little Tahoma rockfall sequence
on the eastern flank of Mount Rainier. This rockfall lfft a combined deposit an order of mag-
nitude larger in volume (approximately 11 x 10~ m~) than that in 1989. Two rockfall-like
seismic signals probably associated with the Little Tahoma sequence have been found on the
December 6 records from the seismograph station at Longmire, suggesting this as the date of
the main portion of the slide as opposed to December 14 given by previous USGS investiga-
tors.

The ability to detect mass movements demonstrates the duel usefulness of seismic moni-
toring for both volcano hazard mitigation as well as earthquake monitoring. The success with
these small to moderate rockfalls and debris flows indicates that larger, more hazardous such
events can be detected as well. At present, however, real-time identification requires continu-
ous visual recording of seismograms from stations within a few km of likely source areas, and
the presence of experienced personnel who can quickly discern between such signals and oth-
ers such as large local earthquakes. This is particularly true of active volcanoes, as small
eruptions may generate seismograms of similar appearance to those from rockfalls and debris
flows.

2. Based on the agreement between the dip of the Juan de Fuca plate as inferred from earth-
quake hypocenters determined from the modern seismographic network and the dip of the T-
axes calculated for the larger magnitude historical earthquakes, we believe that we can
confidently predict the intraplate earthquake source region for the entire plate (Figure 1). We
expect that future large magnitude (*7) interplate events will occur within the Juan de Fuca
plate (and the Gorda plate beneath southernmost Oregon and northern California) in the depth
range of the 1949 and 1965 events (54 and 60 km respectively). Although the depths of these
events are considered to be well-known, we have chosen to bracket our source region at a
shallower depth. An examination of the University of Washington seismic catalog for the
years 1970 through 1989 shows that all of the intraplate earthquakes greater than magnitude 4
are below 45 km and that none have been located deeper than the 1976 event. Therefore, we
have used the depth range of 45 to 60 km for our estimate of the probable source region for
intraplate events (Figure 2).

We emphasize that this probable source region represents the likely areal extent within
which an event may occur; the actual dimensions of the fault area associated with an earth-
quake of approximate magnitude 7 would be expected to be similar to the 40 km long-fault
estimated for the 1949 south Puget Sound earthquake. The querried area in southern Oregon
represents the region of unknown plate geometry where no intraplate earthquakes have been
located either because any events that did occur were not large enough to be detected by the
existing seismic network or no events have occurred. In northern California Benioff zone
earthquakes again allow the plate depth to be estimated from the trench eastward to the
western edge of the Cascade Range so we have shown the probable source area here between
the same depth limits as in Washington and northern Oregon.
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Figure 1. Schematic of the probable source region for intraplate, down-dip tensional earth-
quakes. Large magnitude earthquakes (*7-7.5) are expected anywhere within the
shaded region. Question marks indicate areas where there are no earthquakes located
within the Juan de Fuca plate and the plate geometry is uncertain. Large triangles are
major Quaternary stratovolcanoes in the Cascade Range. The 1949 earthquake

M=7.1) is the largest known earthquake within the subducting Juan de Fuca plate
system.
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RUPTURE HISTORIES OF THE 1934 AND 1966 PARKFIELD, CALIFORNIA,
EARTHQUAKES: A TEST OF THE CHARACTERISTIC EARTHQUAKE HYPOTHESIS

14-08-0001-G1784

Gregory C. Beroza
Department of Geophysics, Stanford University,
Stanford, CA, 94305-2215  (415)723-4958

Thomas H. Jordan
Rm. 54-518, Massachusetts Institute of Technology,
Dept. of EAPS,Cambridge, MA, 02139  (617) 253-3382

The 1966 Parkfield Earthquake

We have carried out an analysis of the near-source records for the 1966 Parkfield earthquake to
determine the rupture history. We have found it difficult to distinguish effects due to changes in
the rupture time from effects due to changes in the slip amplitude. Instead of trying to solve for
both rupture time and slip amplitude, we assume a range of rupture velocities parameterized by the
fraction of the shear wave velocity f, and solve for the slip amplitude. Consequently our results
could be biased if rupture velocity varied greatly during the earthquake. On the other hand, we
can place constraints on the extent of coseismic rupture and the average rupture velocity.
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Figure 1. The location of strong-motion stations that recorded the 1966 Parkfield earthquake are
shown as triangles. Well located aftershocks [Eaton et al., 1970] are shown together with the
surface trace of the San Andreas Fault. The right-step near Gold Hill is apparent in the aftershock
distribution.

We performed a least-squares fit to the horizontal components of the Cholame-Shandon array:
CO05, C08, C12, and Temblor (Figure 1). C02 was excluded from the analysis due to the
possibility that the data were affected by propagation effects and because the high-frequency,
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near-source approximation would be invalid if shallow coseismic rupture extended beyond Gold
Hill. We found that rupture velocities greater than 0.808 or less than 0.65f either fit the data very
poorly with very little slip over most of the rupture surface or resulted in unreasonable models
with a large amount of slip on a very short fault, inconsistent with the geodetic data and
teleseismic estimates of the seismic moment [Tsai and Aki, 1969].

Our best-fitting slip model assumes a rupture velocity of 0.70, has a small region of high slip
near the hypocenter, a region of high slip about 10 km southeast of the hypocenter, and a larger
region of high slip from 25-30 km to the southeast. This model would suggest that rupture
propagated well past the right-step at Gold Hill and very near to station C02. However, a
troublesome aspect of this rupture model is that there is very little slip on a large part of the fault
over which the geodetic data indicate that the slip was highest—about 15-25 km to the southeast
of the hypocenter [Segall and Harris, 1987]. Unless a great deal of post-seismic slip occurred
over that entire area, this model is inconsistent with the geodetic data.
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Figure 2. The fit to the strong-motion data for the 1966 Parkfield earthquake for our preferred
rupture model. Synthetic waveforms are shown below the data for each of the horizontal
components. The offset on the y axis corresponds to the distance of the station from the surface
trace of the San Andreas fault.

Our preferred model assumes a slightly higher rupture velocity of 0.758 and fits the strong-
motion data nearly as well. The fit to the data is shown in figure 2 and the rupture model is
shown in Figure 3. In this model slip extends to about 24 km to the southeast of the hypocenter,
near the offset in the fault at Gold Hill. There is a small region of high slip 33 km along-strike,
but this is not significant. The majority of slip occurs from 10-23 km along-strike and at depths
ranging from 2-12 km. The region of high slip is located at the same distance along the fault as in
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the geodetic model of Segall and Harris [1987]. This model is also supported by independent
estimates of the rupture velocity [e.g. Trifunac and Udwadia, 1974; Lindh and Boore, 1981].
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Figure 3. The constant rupture velocity model for the Parkfield earthquake assuming a rupture
velocity of 0.758. The3 fit to the data is shown in Figure 2. This model is consistent with
geodetic models of slip in the 1966 sequence. The sensitivity of our rupture models for this
earthquake to the rupture velocity is a consequence of the poor source-station distribution. The
regional-distance data have a much better azimuthal distribution with respect to the source and will
not be nearly as sensitive to the assumed rupture velocity.

To summarize, the results from the near-source data indicate that the rupture velocity was
fairly low in ‘this earth%uake 0.658 < v < 0.80B. We also obtain lower values for the shear
fracture energy ~ 5 x 10 J/mi for the Parkfield earthquake relative to that found for the Morgan
Hill and Imperial Valley earthquakes ~ 2 x 105 J/m? [Beroza and Spudich, 1988; Beroza, 1989].
The extent of coseismic slip is not well determined by the near-source data alone. However, taken
together with models derived from the geodetic data our results suggest a model in which
coseismic rupture terminates near the offset in the San Andreas fault at Gold Hill with post-
seismic slip occurring farther to the southeast. These conclusions could change; however, if there
are strong variations in the rupture velocity during the earthquake. A more definitive
determination of the extent of rupture in the 1966 earthquake and in the 1934 earthquake from
seismic data is being undertaken using the regional-distance, Wood-Anderson data.
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Analysis of the 1934 and 1966 Parkfield Earthquakes Using Wood-Anderson Data

We have collected Wood-Anderson seismograms from the Archives of the University of
California at Berkeley and the California Institute of Technology for earthquakes dating from 1931
to 1975 in the Parkfield region. The seismograms have all been reproduced and enlarged for
digitization with funding and support from the U.S. Geological Survey. We are currently
working on the digitization of the dataset.

The digitized Wood-Anderson data will be used to infer the rupture history of the 1934 and
1966 events and to test the characteristic earthquake hypothesis. Records of the foreshocks to the
two earthquakes indicate a remarkable degree of similarity in the foreshocks suggesting that the
foreshocks are quite similar in the frequency band of the Wood-Anderson instruments and that the
response of the Wood-Anderson seismographs is quite stable over the 32-year period 1934-1966.

The Wood-Anderson data should substantially increase our resolution of the rupture history of
the 1966 earthquake. This is especially true given the poor distribution of strong motion stations
relative to the 1966 earthquake with the associated pitfalls. How well we will be able to recover
the rupture history of the 1934 earthquake will depend on the accuracy of the regional-distance
Green's functions calculated using the proposed techniques. We are encouraged by the apparent
stability of the instrument response over the long time interval between the two Parkfield
earthquakes.

Analysis of geodetic measurements at the southern end of the rupture zone bracketing the 1934
earthquake indicate that there were substantial differences in the 1934 and 1966 sequences [Segall
et al., 1990]. Inversions for three-dimensional velocity structure in the Parkfield region indicates
considerable along-fault heterogeneity [Michael and Eberhart-Phillips, 1990]. It has been
suggested that such anomalies may correspond to changes in material properties that strongly
influence rupture propagation.
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9910-02676

J. Boatwright, and L. Wennerberg
Branch of Engineering Seismology and Geology
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-5609, 329-5607, 329-5659

Investigations

1.

1.

Inversion for the distribution of stress release in an earthquake rupture
process.

Recording and analysis of aftershocks of the 1989 Loma Prieta earthquake.

Analysis of accelerograms written by the mainshock and aftershocks of the
1983 Coalinga earthquake.

Results

Boatwright, DiBona, Cocco (1989) have designed, programmed, and applied an
iterative inversion scheme which uses positivity constraints to deconvolve
recordings of small earthquakes from recordings of larger earthquakes, and
which minimizes the number of sub-events necessary by using an F-test to
check the statistical significance of each added subevent. The inversion
determines the space-time distribution of the stress release comprising
the earthquake. It has been applied to a set of 9 unfiltered accelero-
grams of body-waves radiated by a M; = 5.3 Coalinga aftershock; the error
reduction from the inversion was 75%. Different methods of constraining
the solution were tested: the most physical solution was obtained by con-
straining the rupture velocity of the process to be less than the S-wave
velocity.

GEOS digital event recorders were deployed at 21 sites in San Francisco
and 14 sites extending from Woodside to Fremont across the Southern San
Francisco Bay. These instruments recorded some 85 aftershocks of the Loma
Prieta earthquake over a period of two months following the earthquake.
The set of recordings represents one of the most extensive data sets ever
obtained in an urban or suburban environment, and can be expected to yield
significant dinformation for the evaluation of seismic hazard in these
areas. In particular, these recordings can be used to complement the
strong motion recordings of the mainshock in the Bay Area. Boatwright,
Seekins, and Mueller (1990) have completed an analysis of the recordings
obtained in the Marina District which yielded estimates of the ground
amplification throughout the Marina, as well as upper bounds for the main
shock ground motion in the Marina. Boatwright, Fletcher, Mueller, and
Fumal (1990) derives and tests a new technique for separating source and
site terms in sets of multiply recorded earthquakes, and applies this
technique to a set of 28 Loma Prieta aftershocks recorded at 5 stations
located within 30 km of the epicenter. The aftershocks range in size from
M =2.1toM=4.6; the derived at not affected by fp .
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3. Wennerberg (1990a) has derived a variant of Boatwright's (1988) filtering
strategy in which the recordings of small earthquakes are amplified a long
periods using a zero-phase-shift filter to simulate the recordings of
large simple earthquakes or of large subevents within a complex rupture
process.  Wennerberg (1990b) applies this technique to synthesize the
accelerograph recording of the My = 6.7 Coalinga mainshock, using the
recording of a M = 5.3 aftershock. A sum of filtered accelerograms cor-
responding to eleven subevents gives a credible match to the main shock
accelerogram. Corresponding stress parameters for the sub-events vary
over a factor of five, and the sum of the subevent moments is consistent
with independent estimates of the seismic moment of the main shock.
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Analysis of the 1957 Andreanof Islands Earthquake
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Project Summary and Goals

Recent studies have indicated that the spatial distribution of moment release can be quite
heterogeneous along any particular rupture zone. The most common explanation for this
heterogeneity has been the rupture of strong patches, or asperities, along the fault plane
[e.g., Ruff and Kanamori, 1983]. These strong patches could possibly arise from spatial
variations in the frictional characteristics of the fault surface or from geometrical barriers
inherent to the fault's shape. Alternatively, the spatial distribution of moment release could
have little to do with the physical characteristics of the fault's surface and may be related to
the dynamics of slip and how regions of a fault interact with neighboring regions |e.g.,
Rundle and Kanamori, 1987; Horowitz and Ruina, 1989].

Distinctions between these two models can not be made by the analysis of single events
le.g., Thatcher, 1990]. Conclusive observations can only be drawn from a study of the
moment-release distribution generated by several great earthquakes, all of which rupture the
same fault segment. If this distribution is controlled by the physical characteristics of the
fault's surface, then one might expect the moment distributions to be similar for each of the
earthquakes. One might also expect to be able to identify the sites of large moment release
during the next great earthquake from the spatial distribution of the smaller interseismic
events. If, however, the distribution of moment release is controlled by fault interactions,
then one might expect the moment distributions to differ, particularly if the events have
different, but overlapping rupture bounds.

In this context, an excellent region of study is the central Aleutian Arc. In 1986, a
magnitude 8.0 (My) earthquake occurred along the Aleutian Arc near the Andreanof
[slands. The slip distribution, aftershock, and preshock sequence of this earthquake have
been described in a number of recent studies. Prior to 1986, the central Aleutian Arc was
ruptured by another great earthquake in 1957 (My,> 8.5). The 1957 Andreanof Islands
earthquake remains poorly understood. Its seismic moment, slip distribution, and even
rupture area have not been well constrained. The short time span between the 1957 and
1986 earthquakes provides us with a unique opportunity to study a complete seismic cycle
bounded by two instrumentally recorded great earthquakes. In fact, it represents the only
complete seismic cycle along the Alaska-Aleutian Arc which has been instrumentally
observed. Currently published and ongoing research efforts have focused mainly on the
final two-thirds of the rupture cycle. To help supplement our picture of the seismic
processes involved during the entire rupture cycle, verify the recently proposed set of
seismic hazard estimates, and shed light on the possible mechanical consequences of the
seismically observed moment distribution, a more fundamental understanding of the
rupture characteristics of the 1957 event, including more robust estimates of its rupture
bounds, seismic moment, and slip distribution are needed.

Determination of the Rupture Length of the 1957 earthquake
by modeling surface-wave directivities

A Ph.D. student working under this project (D. F. Lane) has spent the past few months
developing and testing a technique to constrain several source parameters for poorly
recorded events. His technique is based on the directivity function originally described by
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Ben-Menahem [1961]. The advantage to using this function over other wavetform
modeling techniques is that it is independent of receiver characteristics, propagation
medium, source mechanism, and source-time function. From the directivity function we
can estimate the direction and velocity of propagation of the rupture front and the rupture
length. Its nonlinear nature, however, makes it extremely ill-suited for use with most
conventional inversion procedures. Thus, previous investigators have only forward
modeled the directivity function.

Simulated annealing is a stochastic technique ideally suited to problems in which the
function being optimized is nonlinear with numerous local minima. Based upon a Monte
Carlo scheme developed by Metropolis et al. [1953] each component of a model M; is given
a random perturbation and a change in an objective function, AE, is computed. If AE s
less than zero (i.e., the change reduced the variation between the simulated and observed
data) the perturbation is accepted. If AE is positive, the perturbation is accepted with
probability

AAE)= T (1

where T represents a control parameter analogous to temperature. By repeating this basic
step a number of times, one simulates the thermal motion of atoms in contact with a heat
bath at temperature 7.

A simulated annealing procedure has been developed and initially tested using data from
the May 7, 1986 Andreanof Islands earthquake recorded at BCAO. Using this procedure
the rupture velocity was determined to be 1 km/s, and the eastern and western portions of
the fault to have lengths of 98 and 134 km respectively. The estimated rupture velocity
agrees well with that of 1.530.5 km/s determined by Boyd and Nabélek, [1989] from
body-wave modeling. The rupture length, although larger than the 145 km determined
from body-wave modeling is remarkably consistent with the size of the aftershock zone.
The results of the simulated annealing procedure along with the observed data are shown in
Figure 1.

Records from Pietermaritzburg, South Africa were employed to extract the fault
parameters of the 1957 Aleutian Island earthquake. Our findings, Figure 1, indicate that
the observed directivity 1s best modeled by a bilateral source with eastern and western fault
segments of 612 and 151 km respectively, and a rupture propagation velocity of 2.9 km/s.
A second solution, described by Ruff et al. [1985], was also located. This solution
consists of eastern and western fault lengths of 235 and 387 km respectively, and a rupture
propagation velocity of 1.7 km/s. Because the first solution is consistent with the tsunami
source area and the spatio-temporal distribution of the aftershock sequence described
below, and because the misfit between the observed and calculated directivities are
marginally better we contend that it provides a more accurate description of the rupture
bounds of the 1957 earthquake.

Aftershock Relocations and Source Mechanisms

Using the slab geometry described by Boyd and Creager [1990] and Creager and Boyd
[1990] we have calculated P-wave travel-time perturbations to approximately 550 stations
as a function of epicentral position. We are only relocating shallow earthquakes. As such,
residuals are calculated assuming a source depth of 33 km. Differences in an event's actual
source depth should not greatly affect the residual pattern since variations in source depth
tradeoff with origin time, but do not greatly affect epicentral estimates. The calculated
residuals are used directly as epicentrally varying station corrections to generate relocated
epicenters without additional ray tracing.
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Figure 2 shows the relative relocation vectors and the final locations for all of the events
listed in the /SS bulletin for the year 1957. Our locations differ from those produced using
a spherically symmetric earth model from about 30 km in the central Aleutians to about 10
km in the eastern Aleutians. For any given relocation, the standard error in latitude is
typically less than 10 km while that in longitude is less than 4 km. We find that activity is
not uniformly distributed along the fault zone, but occurs within distinct clusters.
Aftershock activity along the length of the rupture zone (shaded) defined by the surface-
wave modeling described below initiated within 6 hours of the mainshock (Figure 3). The
initiation of activity along the western 225 km of the aftershock zone was delayed by 23
hours. Although one event occurred within the eastern 150 km of the aftershock zone
almost immediately after the mainshock, activity was sparse and did not intensify until 3
days after the mainshock. The timing of the aftershock sequence, therefore, appears to be
consistent with the rupture model proposed in the previous section. "

We are currently adding to this analysis events listed in the BCIS. These data are being
optically scanned and reformatted by an undergraduate research assistant. At present, an
additional 150 events which occurred from January 1957 through April 1957 have been
scanned, and are currently being relocated. By the 1990 fall AGU meeting, we will have
relocated all of the events listed in the /SS and BCIS bulletins for the year 1957.

We have also begun to constrain the source mechanisms for as many of the aftershocks
of the 1957 event as possible. Initially we are analyzing events for which Stauder and
Udias [1963] determined S-wave polarizations. We use Stauder and Udias's S-wave
polarizations and the P-wave first motions listed in the ISS to determine the type of faulting
(i.e., thrust, normal or strike slip). Figure 4 shows the P-wave first motions and S-wave
polarizations for three aftershocks. The source mechanisms on the left are those which
would be expected for shallow-angle thrust faults. For the first two events minor
adjustments to the source mechanisms can explain most of the £ and S-wave observations
(source mechanisms on the right). The third event, however, does not to be a simple thrust
earthquake. Although the mechanism on the right is a possible solution, the data are not
consistent enough to constrain these anomalous mechanisms. We are modeling waveform
data collected from several stations to help constrain these anomalous mechanisms.
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Figure 1: Normalized surface-wave directivity functions for the 1986 Anderanof Islands
earthquake (top) and the 1957 Aleutian Islands earthquake (bottom). Both are recorded at
African stations: Bangui, 1986; Pietermaritzburg, 1957. Solid lines are the observed
directivities, dashed are the directivities calculated using the source parameters indicated in
the boxes.
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Preliminary ISS & BCIS Space-Time Plot
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Figure 3; Space-time plot of the first 4 days of aftershock activity. Preliminary relocations
for events listed in both the /SS and BCIS are shown. Arrows indicate the rupture bounds
derived from the analysis of surface-wave directivities.
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March 17, 1957 53.73°N 165.16'W
Predicted 248/20/100 Consistent 248/30/100

March 22, 1957 53.62°N 165.68°W
Predicted 248/20/100 Consisient 235/25/90

March 19, 1957 S1.80°N 174.78'W
Predicted 259/20/103 Consistent 295/75/70

Figure 4: Sample P-wave first motion and S-wave polarization observations. Focal
spheres to the left show the predicted P-wave nodal planes and S-wave polarization angles
for shallow-angle thrust events. To the right are shown focal mechanisms that best fit the
observations. The top two events are consistent with thrust earthquakes. The bottom event
does not appear to be a normal, shallow-angle thrust earthquake.
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Investigations

The objective of this research is to investigate earthquake hazards in western Wash-
ington, including the possibility of a large subduction-style earthquake between the North
American and Juan de Fuca plates. Improvement in our understanding of earthquake
hazards is based on better understanding of the regional structure and tectonics. Current
investigations by our research group focus on the configuration of the subducting Juan de
Fuca plate, differences in characteristics of seismicity between the overlying North Ameri-
can and the subducting Juan de Fuca plates, and kinematic modeling of deformation of the
Juan de Fuca slab,

We have found anomalous P phases from intraslab earthquakes that are characterized
by energetic arrivals, low apparent velocity of 5.8 -6.0 km/sec. and appearance at a res-
tricted set of stations located at updip azimuths with respect to the subducted Juan de Fuca
slab. We interpret these phases to represent P-phase energy trapped within the subducted
oceanic crust. They may ultimately prove to be of value in refining our knowledge of slab
structure. This work was carried out by Ivar Mundal, and a manuscript is presently near
completion on our preliminary interpretation.

Deep three-dimensional velocity structure of the Cascadia subduction zone

Teleseismic arrivals recorded on the Washington Regional Seismograph Network
(WRSN) are the only data set that has been found to resolve the upper mantle structure of
the subducting JDF plate and of the regional structure of the Cascadia Subduction Zone as
a whole. Previous velocity models obtained from studies of teleseismic arrival residual
times has low resolution, due in part to the use of (1) small and incomplete data sets, (2)
inaccurate, visually chosen arrival times without dependable error estimates and (3) inap-
propriate linear inversion techniques. In order to obtain a high resolution, well con-
strained CSZ structure we have made improvements in each of these three areas.

The large digital data set that has been accumulating at the WRSN over the past ten
years is of high quality and spans ranges of azimuth and distance heretofore unexploited by
teleseismic studies.

Earlier, we developed a novel technique for efficiently extracting from the data both
highly accurate relative arrival times and quantitative uncertainty estimates (for use in
weighting data in inversion). These times are used with a conjugate gradient inversion
technique to obtain an estimate of the least squares solution to a set of overdetermined
equations with an additional constraint on the roughness of the model.

Our preliminary results image a high-velocity arched structure dipping to the east at
an approximately 60 degree angle below the Puget Sound region and slightly steeper both
to the North and South of this area. This structure we interpret to be the subducting Juan

de Fuca tectonic plate. This work is being carried out by John VanDecar as part of his
Ph.D. research.
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Lateral velocity variations within the shallow crust

We have concluded our preliminary tomographic study of lateral velocity variations in
the shallow crust with the publication of an article "Tomographic imaging of local earth-
quake delay times for 3-D velocity variation in western Washington" by Lees and Crosson
in JGR.

Kinematic Modeling

Ling-Yun Chiao, as part of his Ph.D. research, is continuing to work on the theoreti-
cal formulation and numerical implementation of the kinematic modeling of the subducted
slab. Due to the oceanward concave shape of the trench, the Cascadia slab has to deform
laterally to accommodate the change of geometric configuration while subducting. We have
developed a numerical scheme to calculate the minimum amount of membrane deforma-
tion, and its spatial distribution, for a slab to accommodate a given geometry. For the Cas-
cadia subduction zone, our modeling indicates that the concentration of seismic activity
beneath the Puget Sound region, and the observed arching structure each are caused by
the along-strike compression that is forced by the bend in the trench.

We have been calculating the flow field within a thin sheet given the geometry of that
sheet. This approach has the disadvantage that the results are sensitive to second deriva-
tives of the chosen geometry. We are currently working on a scheme to simultaneously
invert for the flow field and geometry, with soft constraints on the slab geometry.

Articles

Boyd, T.M., and K.C. Creager, 1990 (in press), The geometry of Aleutian subduction:
Three-dimensional seismic imaging, JGR.

Creager, K.C. and T.M. Boyd, 1990 (in press), The geometry of Aleutian subduction:
Three-dimensional kinematic low modeling, JGR.

Lees, J.M. and R.S. Crosson, (in press), Bayesian ART versus conjugate gradient methods
in tomographic seismic imaging: An application at Mount St. Helens, Washington,
AMS-SIAM: Conference on spatial statistics and imaging - June, 1988.

Mundal, I, M. Ukawa, and R.S. Crosson, 1990 (in preparation), Normal and anomalous P
phases from local earthquakes, and slab structure of the Cascadia Subduction
zone, BSSA

Lees, J.M. and R.S. Crosson, 1990, Tomographic imaging of local earthquake delay times
for 3-D velocity variation in western Washington, JGR, Vol. 95, pp. 4763-4776.

Lees, J.M. and J.C. VanDecar, (submitted to PAGeophys.), Seismic tomography con-

strained by Bouguer gravity anomalies, with application to western Washington,
U.S.A..

Reports
Final Technical Report: 1989, 1990 (in preparation), Earthquake Hazard Research in the
Pacific Northwest, USGS Grant # 14-08-0001-G 1390.

Abstracts
Chiao, L.Y., and K.C. Creager, 1990, Geometric Constraints of Cascadia Subduction, EOS,
Fall 1990 AGU.

Mundal, I., M. Ukawa, and R.S. Crosson, 1990, Evidence of subducting Juan de Fuca
plate in apparent velocities observed from subcrustal earthquakes, EOS, Vol. 71,
No. 36, p. 1067.
VanDecar, J.C., R.S. Crosson, and K.C. Creager, 1990 (in press), Deep three-dimensional
velocity structure of the Cascadia subduction zone, EQS, Fall 1990 AGU
VanDecar, J.C., R.S. Crosson, and K.C. Creager, 1990 (in press), Deep three-dimensional
velocity structure of the Cascadia subduction zone, EOS, Fall 1990 PNAGU

VanDecar, J.C., R.S. Crosson, and K.C. Creager, 1990 (in press), Teleseismic travel-time
inversion for Cascadia subduction zone structure employing three-dimensional ray
tracing, presented at the XXII General Assembly, European Seismological Com-
mission, Barcelona, Spain, Fall, 1990.
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Objective: The primary objective of this research is to improve the calculated
locations of earthquake hypocenters in New England (particularly to better
constrain the event focal depths) by relocating earthquakes using new
network station travel-time residuals. These residuals are to be found from a
time-term tomographic analysis of the P wave arrivals on the New England
Seismic Network (NESN) stations from the 1984 Maine Seismic Refraction
Profile (MSRP) and from the 1988 New York-New England Seismic Refraction
Experiment (NY-NEX). The relocated earthquake hypocenters will be used to
reexamine the present seismotectonics of the northeastern United States in an
effort to identify seismically active structures in the region.

Data Preparation and Analysis: Since the last report, the primary effort has
been aimed at developing a reliable computer code to perform the tomographic
time-term analysis. The code development and testing has taken longer than
expected, although recent tests on synthetic data show that code is working
properly. All of the P-wave first arrival times from the 1988 NY-NEX
experiment have been read for the New England Seismic Network stations, and
those data are being merged with the P-wave arrival times from the 1984
Maine Seismic Refraction Experiment for a data set of travel times covering
much of New England. This merged data set will be analyzed shortly,

Preliminary Results: An initial tomographic time-term analysis of the 1988
NY-NEX data starting from the refraction model for northern New England
determined by the U.S.G.S. was run, but subsequently the station elevations
were found to have been incorrectly input, invalidating the results obtained.
Thus, while no results are available at the present time, we anticipate that all
the of the time-term tomographic analyses will be completed by the end of
October, 1990. Using the stations time-term residuals which will be found,
selected earthquakes from central and northern New England will be relocated
in an effort to improve their hypocenters, particularly their focal depths.
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Investigations

This program focuses on the highly active seismic zone between the Pamir and Tien Shan
mountain belts in Soviet Central Asia. The Garm region is located directly atop the collisional
boundary between the Indian and Eurasian plates, and is associated with a dense concentration of
both shallow and intermediate-depth earthquakes. Since the early 1950's, Garm has been the
home of the Complex Seismological Expedition (CSE), whose primary mission is the prediction of
earthquakes in the USSR (Nersesov et al., 1979). Beginning in 1975, the USGS, in cooperation
with the CSE, has operated a telemetered seismic network nested within a stable CSE network that
has operated in the area for over thirty years. The fundamental aims of the present research project
are: (1) to elucidate the structures and processes involved in active deformation of a complex
collisional plate boundary, and (2) to examine the temporal variations in seismicity near Garm, in
the form of changing spatial, depth, and stress distribution of microearthquakes that precede larger
events. The seismological data base for this study includes the combined resources of the global,
regional, and local seismic networks. Geological structures in the Garm region have been studied
using compilation of published geological information, analysis of satellite imagery, and geological
field work in the Peter the First, Gissar, and Darvaz mountain ranges near Garm.

Results

Teleseismic Travel Time Inversion. In collaboration with Alek Lukk (Institute of Physics of
the Earth, Moscow), we have compiled traveltime data from 218 teleseismic earthquakes recorded
at the Garm network stations, in order to obtain information on mid- to lower crustal velocities.
These data have been augmented by arrival time data from fourteen regional seismic stations
operating in the Pamir, in the Tadjik Depression, and in Afghanistan. We have begun work with a
new teleseismic inversion routine based on the work of Al-Shukri and Mitchell (1987). The first
stage of data reduction involved calculation of travel time residuals from the raw arrival time data,
removal of clearly unreliable readings, and examination of azimuthal characteristics of the
traveltime residuals. Based on unexpectedly high station residuals, we were led to reexamining the
original seismograms for teleseismic arrival times. This work was completed during the summer
of 1990. We anticipate using the revised arrival time data to obtain a three-dimensional velocity
model for the crust and upper mantle of the Garm region by early next year.

Geologic Structure. Much of our work during this period has focused on analysis of geologic
data from the Garm region. We have just completed a review of the seismicity and geologlc
structure for the region (Hamburger et al., 1990), and a preliminary report on field investigations
in the central Peter the First Range and Darvaz Range during June-July 1990 (Pavlis and
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Hamburger, 1990). Since returning from the field in July the primary efforts on this project have
been twofold: (1) analysis of the pre-orogenic geologic history of the Darvaz-Peter First ranges of
Soviet Central Asia; and (2) evaluation of the active geologic structures associated with crustal
seismicity beneath the Peter the First Range.

Our work on geologic history of the Garm region has included compilation of published
stratigraphic data to supplement our field 1990 observations. These observations indicate that the
Jura-Cretaceous stratigraphy of the Tadjik depression (Figure 1) is inconsistent with previously
published tectonic models (e.g., Leith, 1985), which called for a Jura-Cretaceous rifting of the
southern margin of Asia. The stratigraphic and field observations made in a transect through the
Darvaz Range, south of the Garm region, indicate that Jurassic and Early Cretaceous clastic sedi-
mentary rocks were derived largely from uplifted sources to the south. These data suggest that the
hypothesis of an open Cretaceous ocean to the south of the Tadjik depression is unworkable
because the major sediment source for this period was located at the site of the proposed Creta-
ceous ocean basin. These observations are suggestive of clastic sedimentation in a basin located
landward of an active Andean or collisional margin within the Pamir Range to the south of Garm.

In order to examine active tectonic structures within the seismically active Garm region, we
have completed two structural cross sections across the core of the Peter the First Range (PFR)--
one from Garm to the Darvaz Range and a second from Khait to the Darvaz Range (see Figure 2).
The PFR is an actively deforming fold-thrust belt marked by intense seismicity as well as
Quaternary deformation. The core of the PFR is structurally complex, with a record of both out-
of-sequence thrusting and back-thrusting above a decollement in Upper Jurassic evaporites. The
details of the deep structure beneath the uppermost thrust system are largely unconstrained from
surface geology, although seismicity data may ultimately allow further constraints on the deep
structure beneath the Peter the First Range. Nonetheless, two critical observations can be made
based on these structural sections (Figure 3):

(1) The Darvaz Range exposes markedly deeper structural levels than adjacent regions.
Combined with observed steep monoclinal dips and stratigraphic continuity with Tadjik Depression
sediments, this relationship is interpreted as a major hanging-wall ramp anticline-syncline pair
exposed along the Obi-Khingou River (upper left portion of sections) where Permian-age rocks are
exposed. To the north (right) of this fault-bend fold the decollement is localized in upper Jurassic
evaporites and only Cretaceous and Cenozoic rocks are exposed in the Peter the First Range.

(2) One of the most significant structural features of the Peter the First Range is clear evidence
for a major back-tilting event within the fold-thrust system. This structural feature is recognized by
a group of tight, nearly isoclinal folds in the core of the Peter the First Range with axial surfaces
that dip to the north at moderate angles (approximately 45°). These structures project westward
into normal fold-thrust belt structures with upright to south-dipping folds, consistent with the
predominant northward vergence of the fold-thrust belt (see Figure 6 in Hamburger ez al., 1990).
In some fold-thrust belts, reverse-vergence folding can be ascribed to box folding or "pop-up”
folds. This mechanism is precluded for this region, however, because the back-folds are less than
15 km from the structural front and there is insufficient volume in the subsurface to produce the
back-folding and still maintain an approximate cross-section balance through a box-folding or pop-
up folding mechanism. OQur preliminary conclusion from this analysis is that back-tilting requires
active duplexing at depth (section A, Figure 3) or back-rotation above a deeper thrust system
within the basement (section B, Figure 3), or both. In either case, these deep structures are
relevant to evaluation of earthquake hazards in the Garm region because this section crosses the
area most strongly affected by the largest historical earthquake in the region, the 1949 M=7.5 Khait
earthquake. These observations imply a possible connection between the Khait earthquake and a
more deep-seated thrust system beneath the Peter the First Range.
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Figure 1. Stratigraphic sections of the Gissar, Peter the First, and Darvaz ranges in the Garm region. Note the
appearance of a coarse clastic component in the Jura-Cretaceous section of the Darvaz Range, suggesting an
uplifted source area in the Pamir (south of the Darvaz Range) during this period.
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Figure 2. Reconnaissance geological map of the Garm region, based on field mapping, analysis of satellite imagery,
and field data collected by V.I. Shevchenko (pers. comm., 1989]. Contacts and structures are shown in solid
symbols where well constrained by field observation or imagery interpretation, dashed where approximate,
queried where uncertain, and dotted where inferred. Heavy dot-dash line indicates drainage network of the
Surkhob and Obi-Khingou rivers. Black areas indicate exposures of Jurassic evaporites, primarily gypsum.
Heavy solid line labelled AA' indicates position of geological cross section shown in Hamburger et al. (1990).
Heavy dashed lines indicate locations of sections completed during 1990 field season. The easternmost section
is shown in Figure 3.
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Figure 3. Two preliminary cross sections showing the major structures along a transect from the Darvaz Range to
the Gissar Range. Sections are essentially end members in a family of cross-sections and differ primarily in the
subsurface interpretation of the structure beneath the Vakhsh thrust sheet to account for the major backfolding in
the core of the Peter the First Range. Section A shows at least part of the back-rotation as a consequence of
duplexing beneath the leading edge of the thrust sheet. Section B, however, ascribes all back-rotation to a ramp
within a deep-seated basement thrust. Cross-sections have not yet been restored to test for section balance.

Symbols: Pls=Permian limestone, TRs=Triassic sedimentary and volcanic rocks; 1Js=Lower Jurassic
sedimentary rocks; mJc=Middle Jurassic conglomerate and sandstone; uJe=Upper Jurassic evaporites and shale;
IKs=lower Cretaceous sandstone, siltstone, conglomerate and shale; uKls=Upper Cretaceous limestone and marl;
IT=lower Tertiary limestone, shale, and marl; uT=upper Tertiary (Neogene) sandstone and conglomerate.
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Analysis of Earthquake Data from the Greater Los Angeles Basin and
Adjacent Offshore Area, Southern California

#14-08-0001-G1761
Egill Hauksson

Seismological Laboratory,
California Institute of Technology,
Pasadena, CA 91125
818-356 6954

INVESTIGATIONS

Seismotectonic analysis of earthquake data recorded by the CIT/USGS and USC
networks during the last 15 years in the greater Los Angeles basin. Improve models of the
velocity structure to obtain more accurate earthquake locations including depth and to
determine focal mechanisms. Studies of the earthquake potential and the detailed patterns
of faulting along major faults in the metropolitan area and adjacent regions.

A comprehensive study entitled: Source Parameters of the 1933 Long Beach
Earthquake, has been accepted for publication in Bull. Seismol. Soc. Amer.

RESULTS

Source Parameters of the 1933 Long Beach Earthquake.

Regional seismographic network and teleseismic data for the 1933 (Mp.=6.3) Long
Beach earthquake sequence have been analyzed. Both the teleseismic focal mechanism of
the mainshock and the distribution of the aftershocks are consistent with the event having
occurred on the Newport-Inglewood fault (Figure 1). The focal mechanism had a strike of
315°, dip of 80° to the northeast and rake of -170° (Figure 2). Relocation of the foreshock-
mainshock-aftershock sequence using modern events as fixed reference events, shows that
the rupture initiated near the Huntington Beach-Newport Beach City boundary and
extended unilaterally to the northwest to a distance of 13-16 km. The centroidal depth was

1042 km. The total source duration was 5 s and the seismic moment was 5%1025 dyne-cm,
which corresponds to an energy magnitude of My=6.4. The source radius is estimated to
have been 6.6-7.9 km, which corresponds to a Brune stress drop of 44-76 bars. Both the
spatial distribution of aftershocks and inversion for the source time function suggest that
the earthquake may have consisted of at least two subevents. When the slip estimate from
the seismic moment of 85-120 cm is compared with the long term geological slip rate of
0.1-1.0 mm/yr along the Newport-Inglewood fault, the 1933 earthquake has a repeat time
on the order of a few thousand years.

The 1933 (Mw=6.4) Long Beach earthquake showed right-lateral motion along the
NIF with a small normal component. Slip along the NIF thus contributes to the relative
plate motion between the Pacific and North-American plates. The normal component
indicates continued subsidence of the southwest corner of the Los Angeles basin. The
absence of a thrust component is consistent with the slip partitioning model of the
seismotectonics of the Los Angeles basin by Hauksson (1990). The mainshock was a
factor of two smaller in seismic moment than the 1971 (Mw=6.6) San Fernando
earthquake, not a factor of 5 smaller as previously thought. The distribution of aftershocks
and the source time function suggest that the mainshock may have consisted of two
subevents. It released strain along a 13-16 km long segment of the NIF from Newport
Beach to the southern edge of Long Beach. Accumulated strain along the section of the
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NIF within the City of Long Beach thus may not have been released, even though this
segment of the fault experienced a relatively high level of aftershock activity.

PUBLICATIONS and REPORTS

Hauksson, E. The 1993 Long Beach earthquake and its aftershocks, (Abstract), Seis. Res.
Letters, 61, 42, 1990,

Hauksson, E., Earthquakes, faulting,and stress in the Los Angeles Basin, J. Geophys.
Res., 95, 15365-15394, 1990.

Hauksson, E. and S. Gross, Source Parameters of the 1933 Long Beach Earthquake, Bull.
Seismol. Soc. Amer., in press, 1991.

Hauksson, E. and L. M. Jones, The 1988 and 1990 Upland earthquakes: Left-lateral
faulting adjacent to the central Transverse Ranges, submitted to the AGU fall
meeting, 1990.

Hauksson, E. and L. M. Jones, The 1988 and 1990 Upland earthquakes: Left-lateral
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1990.
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Figure 1 (A) Map showing the final locations of the 1933 foreshock-mainshock-aftershock
sequence recorded during the first 6 days of aftershock activity. (B) A cross section A-A'
along strike of the Newport-Inglewood fault. (C) A cross section B-B' normal to the strike
of the Newport-Inglewood fault.
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Source Characteristics of California Earthquakes and
Attenuation Effects

14-08-001-G1872

Donald V. Helmberger
Seismological Laboratory
California Institute of Technology
Pasadena, CA 91125
(818)356-6998

Investigations

Our long term objective is to determine the characteristics of earthquakes occurring in
Southern California. The basic strategy has been to study the larger modem events since they are
well-recorded and then to compare the records from these events (Masters) to interpret historic
events or recent ones to obtain quick preliminary results. The primary data sets for these studies
are the PAS (low gain recording), long term running teleseismic stations such as De Bilt, starting
in 1917, and some of the older Caltech stations. Essentially we think better locations can be
obtained using a combination of waveform data and travel time constraints.

Results

This summary will concentrate on the location and source parameters at the Lompoc,
California Earthquake of Nov. 4, 1927, see reference. We will address the problems associated
with relocating, and determining the style of faulting of the Lompoc earthquake from an assortment
of teleseismic and regional seismograms. Since the response of most early instruments is poorly
known we have concentrated on a few well calibrated stations, namely those at Berkeley, Tucson,
and Pasadena for regional constraints and the teleseismic station at De Bilt (Netherlands). The
latter station which remains in operation, also recorded the recent Loma Prieta event and numerous
modern events in the general vicinity of Lompoc; the 1969 Santa Lucia Banks, 1983 Coalinga, and
1978 Santa Barbara earthquakes. Location constraints for the Lompoc event were established from
the De Bilt recording by comparing S-P and SSS-S waveform matches against the above master
events to avoid the effect of unknown clock errors on locations using absolute times. These same
seismograms were modeled synthetically to obtain estimates of depth, faulting parameters, and
source strength. A similar approach was applied using the regional seismograms.

The 1927 Lompoc earthquake (November 4, 5.51 PST, Mg=7.0) occurred before the
deployment of regional seismic arrays in California, with the result that the location and mechanism
of the earthquake have been subject to considerable uncertainty. Byerly (1930) located the event
offshore Point Arguello at 34032'N, 121024'W (figure 1). Gawthrop (1978; 1981) located it at

34.90N, 120.70W, much closer to the coast, using teleseismic data, and suggested that this
earthquake occurred on the Hosgri fault. Hanks (1979; 1981) located it at an intermediate position
of 34.60N, 120.99W using regional seismic data. This uncertainty in location has resulted in
corresponding uncertainty in the tectonic nature of the event and its association with offshore
faults. However, the development of synthetic seismogram techniques in recent years in
conjunction with a set of recent earthquakes has provided an opportunity to obtain more accurate
estimates of the location, focal depth, focal mechanism and seismic moment of the earthquake
using the sparse azimuthal distribution of seismograms that were recorded.

The master events selected for comparison with the 1972 Lompoc earthquakes are the
November 5, 1969 magnitude Mg 6.0 Santa Lucia Bank earthquake and the 1983 magnitude Mg
6.4 Coalinga earthquake. Portions of the De Bilt seismograms for the 1927 Lompoc earthquake
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and these two more recent events are shown in figure 2 along with associated synthetics. The
similar P to S amplitude relationships of these seismograms suggest that the three events all have
similar focal mechanisms. The large P amplitude relative to S is consistent with the reverse-slip
mechanisms previously obtained for the 1969 and 1983 events.

Figure 2 shows the Lompoc and Coalinga S-wave recordings at De Bilt, with the horizontal
components digitized and rotated to the radial and transverse components. The ratio of SV to SH
has proven useful in determining focal mechanisms, and was used by Choy (1985) in determining
the focal mechanism of the Coalinga earthquake displayed in the lower panel. Forward
computations were performed using this source model for the Coalinga event, the model of Bent
and Helmberger (1990) for the Santa Lucia Banks event, and the model of Bent (1990) for a well-
constrained Coalinga aftershock to generate synthetic seismograms for comparison with the De Bilt
recordings. Since De Bilt is located near an SH node of the Coalinga event, we find a very small S
arrival on the transverse component as predicted. The Lompoc seismogram shows a stronger SH
arrival, and the lower panel indicates the rotation in strike from 300 degrees to 340 degrees
necessary to move the SH node away from De Bilt and match the recorded SH amplitude. If the
mechanism of the Lompoc earthquake is purely dip slip, then the strike is constrained with 59.
Allowing some component of strike-slip would allow the strike to be more nearly north-south.
This mechanism is compatible with nearly all of the polarity measurements available for the
Lompoc earthquake.

The true azimuth from the event to BKS is uncertain by about 10° because of the location
uncertainty and therefore the nodal position is equally uncertain. Synthetic seismograms covering
this range of azimuths are shown in the upper panel of figure 3 using the focal mechanism at the
bottom of figure 2 and a seismic moment of 1.0x1026 dyne-cm. The sharpness of the nodal
crossing in the synthetic seismograms is more subdued in the Berkeley and Lick seismograms than
in the data. The close agreement between the recorded and synthetic seismograms for a strike
direction of 340 degrees, further confirms the nearly pure reverse mechanism of the 1927 Lompoc
earthquake.

Hanks (1979) used S-P time of 12.8 seconds to draw an arc from Santa Barbara to locate
the 1927 earthquake, using the travel time curve of Richter (1958) for the southern California
region. To evaluate this travel-time curve we read the S-P times at Santa Barbara of more recent
earthquakes that are located in the vicinity of the 1927 earthquake, specifically those larger than
magnitude 3 between 1980 and 1989. Our results agree with his and we have adopted his arc from
Santa Barbara, see figure 1.

We have used SSS-S and S-P time differences to estimate the location of the Lompoc
earthquake with respect to the Santa Lucia Banks and Coalinga earthquakes. The S-P results
produce the location given in figure 1. The difference in SSS-S interval between the Lompoc and
Santa Lucia Banks earthquakes was measured by aligning the two S waves using cross-
correlation, and then finding the time difference between the two SSS waves using cross-
correlation, as shown in the lower panel of figure 3. The SSS-S time of the Lompoc event is 0.5
second greater than that of the Santa Lucia Banks event, placing the Lompoc earthquake about 12
km south of the location derived from S-P. The proximity of the Lompoc and Santa Lucia Banks
earthquakes in distance is reflected in the similarity of their waveforms; this is particularly evident
when the Santa Lucia Banks record is lowpass filtered to provide a better comparison with the
larger Lompoc earthquake. '

Given the uncertainties, we conclude that the distance of the Lompoc earthquake from De

Bilt is not significantly different from the distance of the Santa Lucia Banks earthquake from De
Bilt. Together with the Santa Barbara arc, the De Bilt arc through the Santa Lucia Banks epicenter
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gives a location of 34.359N, 120.90W, see figure 1. This location lies about 25 km south of
Hanks' (1979) location, but within the uncertainty of that location

In summary, our results indicate a north-northwesterly striking thrust event located about
40 km west of Point conception which is in excellent agreement with the recent tsunami modeling
results by Satake and Somerville (1990). This location is 20 km southwest of that proposed by
Hanks and well within his error bars. We obtain a moment of 1 x 1026 dyne-cm, a trapezoidal
time history of (2,2,2) sec. and a source depth of 10 km. The weak beginning of the Pp]
wavetrain at Berkeley indicates some source complexity, which is characteristic of large events.

The fault parameters are strike = N20OW, dip = 66NE, and rake = 959. These results are in
agreement with the geodetic study by Savage and Prescott but disagree in magnitude with estimates
made by Hanks. The worksheets for the Lompoc earthquake prepared by Gutenberg and Richter
show an Mg of 7.0 and an mg (long-period body wave magnitude) of 7.3, compared with the

moment magnitude of 6.6 derived from the seismic moment of 1 x 1026 dyne-cm obtained in this
paper. The body waves of the Loma Prieta event ( Ms= 7.1) appear distinctly larger than the
Lompoc event at De Bilt, in agreement with our lower estimate of source strength.
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EXPLANATION
1927 Lompoc earthquake epicenters O Earhquakes .
Byerty (1930) a Santa Lucia Bank (10/22/1969)
® Hanks (1979) b Santa Lucia Bank (11/5/1969)
@ Gawthrop (1978) c Point Sal (527/1980)
O This study d Point Conception (08/27/1949)

——-==-= Arcs drawn from De Bilt and
Santa Barbara setsmograph stations

Figure 1. Constraints on the location of the 1927 Lompoc earthquake from differential travel times

of P, §, and SSS phases at De Bilt with respect to the 1969 Santa Lucia Banks and 1983
Coalinga earthquakes, from S-P times of aftershocks recorded at Santa Barbara, and from the
back azimuth of P-waves recorded at Pasadena.
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Figure 2. The column on the left displays the P-waves observed at De Bilt and corresponding
synthetics predicted for known solutions except for Lompoc which was determined by forward
modeling. The best fitting mechanism is given on the right, along with SV & SH comparisons

with Coalinga.
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Figure 3. Synthetics and observed regional waveform data is given in the top panel following the
technique and models used in matching these stations for the above master events, Santa Lucia
Banks, etc., after Bent and Helmberger (1990). The lower panel displays the De Bilt
seismograms for Lompoc and master events displaying the similarity between Lompoc and the
Santa Lucia Banks events in (SSS-SS) waveshape and timing.
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Figure 3. Synthetics and observed regional waveform data is given in the top panel following the
technique and models used in matching these stations for the above master events, Santa Lucia
Banks, etc., after Bent and Helmberger (1990). The lower panel displays the De Bilt
seismograms for Lompoc and master events displaying the similarity between Lompoc and the
Santa Lucia Banks events in (SSS-SS) waveshape and timing.
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Investigations

1.

Field and mechanical study of ground cracks associated with the 1974
M1=5.5 and 1983 and M =6.6 Kaoiki, Hawaii, earthquakes.

Results

1.

Importance of the Kaoiki Fault Zone. The Kaoiki seismic zone, a young tec-
tonic feature of Mauna Loa volcano, Hawaii (Fig. 1), is the site of recurrent
moderate- and large-magnitude earthquakes that cause serious damage.
The Kaoiki is the subject of a forecast for a ML =6 earthquake before the
turn of the century (Wyss, 1986). The relation between volcano-seismic
processes and faulting within the Kaoiki zone is being studied so as to
increase our ability to assess earthquake hazards and test Wyss's prediction
in this area.

The November 30, 1974 Mp=5.5 and November 16, 1983 My =6.6 ecarthquakes
generated zones of left-stepping, en echelon ground cracks that extend for
several kilometers on the lower SE flank of Mauna Loa. Most large
magnitude earthquakes occur along pre-existing faults; in contrast, these
major Kaoiki earthquakes propagated new ruptures, at least in their
surface expression. The Kaoiki seismic zone is unique because its ground
ruptures record the initial stages of development of a strike-slip fault zone:
future ground ruptures should be expected to merge into a mature fault
zone. Geologic mapping by this project and by Endo (1985) shows that at
least four ground-rupture zones are concentrated within an area of 30 km?2.

The 1983 M=6.6 carthquake caused damage to the Island of Hawaii and
preceded an eruption on the NE-rift zone of Mauna Loa volcano in March
1984.  Similiarly, the November 1974 Kaoiki earthquake preceded the July
1975 Mauna Loa summit eruption. Many aftershocks of the 1983 event are
strike-slip but an equal number are low-angle thrust events. Based on
aftershock data and body-wave modelling, Thurber et al. (1989) suggested
that the 1983 mainshock initiated as a strike-slip event of moderate
magnitude, which preceded the main moment release on a low-angle thrust
fault. I have used geologic field data collected along the zone of ground
breakage and mechanical analysis to evaluate the importance of strike-slip
faulting in the 1983 earthquake.

General Objectives. This project examines the history and mechanisms of
faulting within the Kaoiki zone that will form the basis for seismic hazard
evaluations for the Island of Hawaii. This study investigates: 1) the faulting
and earthquake mechanisms involved in the 1974 and 1983 Kaoiki events
and 2) the deformation of the Mauna Loa and Kilauea volcanic edifices
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resulting from the mutual inflation of their summit magma chambers and
the seaward migration of Mauna Loa's SE flank. Field work undertaken by
this study includes 1) the preparation of a 1:10,000 scale geologic map of the
rupture zone generated by the 1983 earthquakes, and another, much older,
undated earthquake; and 2) detailed outcrop-scale mapping (<1:1000 scale)
of three critical exposures of the 1983 ground cracks and one excellent
exposure of the oldest crack zone. Endo (1985) mapped the 1974 ground
cracks at 1:1360 scale, and these data are included in this study. Analytical
work includes mechanical analysis of the nature and depth of faulting
underlying the 1974 and 1983 cracks.

3. Summary of Data Collected. In the past six months, Jackson completed a
manuscript, to be submitted to Journal of Geophysical Research, that
describes the structure and propagation path of the 1974 and 1983 Kaoiki
ground ruptures, and their relation to the long-term geologic history and
recent seismicity of Mauna Loa's SE flank. The manuscript received
Branch Chief approval on 8/14/90, and Jackson is currently making
revisions to the paper, which should be ready to be submitted next month.
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Figure 1. Generalized map showing locations of ground ruptures, focal
mechanisms and locations of important strike-slip Kaoiki earthquakes, and
major fault and rift systems within the southeast flank of Mauna Loa
volcano and the southwest part of Kilauea volcano.
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4. Analysis of Field data. Ground ruptures from the 1983 Mp =6.6 earthquake,

the 1974 My =5.5 earthquake, and an older undated earthquake trend N48°-
N55°E, a direction nearly parallel to nodal planes of the 1983 and 1974 main
shocks' focal mechanisms (Fig. 1). Individual ruptures consist of arrays of
left-stepping, en echelon cracks, with predominantly opening
displacements, which strike roughly EW, about 30°-50° clockwise from the
overall trend of the zones. Some of the cracks are linked by secondary
fractures to form left-stepping, 25- to 150-m-long cracks arrays that
accomodated small right-lateral shear displacements. Geologic mapping of
the 1983 rupture (Fig. 2) shows that the 25- to 150-m-long arrays coalesce at
shallow depths to form left-stepping, 300- to 900-m-long cracks arrays that
nearly parallel the overall trend of the rupture. In the 1974 rupture,
linkage of these longer arrays takes place at the earth's surface. Detailed
descriptions of the morphology and linkages of the cracks, and their
displacement patterns are presented in previous EQHRP reports.

Field observations of the Kaoiki earthquake ground cracks and fracture
analysis of the 1983 event give important insights about how the Kaoiki
earthquakes create new ruptures. We hypothesize that the propagating
ruptures induced tensile failure of the near-surface rocks. As the
coseismic deformation progressed, the opening-mode cracks created in the
crack tip region of the parent strike-slip fault coalesced, and crack
segments linked to form progressively longer, left-stepping crack arrays
that became sub-parallel to the overall trend of the rupture zone and
coalesced themselves at shallow depths. Figure 3 shows map-view sketches
of stages in the propagation of the parent strike-slip fault into the host
rocks just ahead of its tip.
A. The first stage in the process is the formation of a cloud of tensile
cracks ahead of the tip of the parent fault as it begins to slip. The
cracks strike about EW, normal to the seismically-determined least
compressive stress (Endo, 1985). As strain increases certain cracks are
in opportune positions to link, creating 25- to 150-m-long cracks arrays
that transfer small right-lateral shear displacements.

B. With continuing coseismic increase in strain and displacement in
the host rocks, certain of the 25- to 150-m-long cracks link to form 300-
to 600-m-long cracks arrays. We suggest that these longer arrays have
greater heights, and they are more efficient at transmitting shear
displacements

C. The 300- to 900-m-long arrays make a much smaller angle, 10° to 15°,
with the trend of the parent fault. As the strain continues to increase,
these cracks link to form 2- to 4-km-long crack arrays that parallel the
parent fault. Linkage is made easier by the presence of numerous short
cracks, 25- to 150-m-long crack arrays and brecciated zones between
these structures.

D. Finally, the 2- to 4-km-long crack arrays rupture through the host
rocks and form a through-going zone of strike-slip ground breakage.
This process repeats itself again and again as the parent fault
propagates through the host rocks.
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zone.

The ground cracks are part of a "fracture-process zone" ahead of the
parent fault that, during propagation, stressed the rocks above its tip
(Pollard et al., 1982). An approximate calculation that uses an estimated
fault size and the observed seismic moment, and treats the 1983 Kaoiki
earthquake as a Mode-III crack, demonstrates that motion along a parent
fault that extends to a height of somewhat less than a kilometer below the
earth's surface generates sufficient tensile stress above its tip to induce
tensile failure parallel to the mapped cracks (Jackson et al., 1988). The
analysis suggests that if the 300- to 900-m-long en echelon arrays (Fig. 2)
have heights equal to their lengths, then they may connect directly with
the parent fanlt.
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rupture. See text for explanation.

5. Conclusions. Recent papers describing the seismicity and tectonics of
Mauna Loa and Kilauea volcanoes (Swanson et al., 1976; Lipman et al., 1985;
Thurber et al., 1989) have established the importance of low-angle seaward
thrusting of these volcanoes' south flanks along a layer of old ocean floor
sediments that lies at about 8 to 11 km depth. This process is responsible for
the M=7.2 and M=6.1 earthquakes that occurred within Kilauea volcano in
1975 and 1989 and, perhaps, the Great Ka'u earthquake of 1868 (Wyss, 1988).

In the Kaoiki seismic zone, located between the summits of Mauna Loa and
Kilauea volcanoes (Fig. 1), both low-angle thrusting events and NE-striking
strike-slip earthquakes coexist.  Although strike-slip earthquakes are
absent within the Hilea area, located SW of the Kaoiki zone, low-angle
thrust earthquakes occur extensively in this region. It is possible that the
Kilauea edifice and its root into the mantle form a centrally-pinned
buttress and barrier to southward displacement of the south flank of Mauna
Loa in the Kaoiki area. This part of Mauna Loa is therefore forced to move
laterally along strike-slip zones.
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We confirm the importance of right-lateral strike-slip faulting in the
Kaoiki seismic zone. A M=6 earthquake is predicted for the Kaoiki before
the end of the century (Wyss, 1986). We now have an excellent set of .base.
maps and field observations with which to measure ongoing deformation in
this fascinating area.
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Investigations

1. Broadband Study of the December 3, 1988, Pasadena Earthquake Sequence
by Ma, Kuo-Fong and Hiroo Kanamori

2. Seismic Strain Rates in Southern California
by Weishi Huang, H. Kanamori and L. T. Silver

3. Three-Diomensional Attenuation Structure of Kilauea-East Rift Zone, Hawaii
by Phyllis Ho-Liu, Carl Johnson, Jean-Paul Montagner, Hiroo Kanamori and Robert
Clayton

Results
1. Broadband Study of the December 3, 1988, Pasadena Earthquake Sequence

The Pasadena earthquake (M] =4.9) of 3 December, 1988, occurred at a depth of 16
km, probably on the Santa Monica-Raymond fault which is recognized as one of the most
important faults in the Los Angeles basin in terms of its seismic potential. Prior to this
event, no earthquake larger than magnitude 4 had been recorded since 1930 in this area.
High-quality seismograms were recorded with the Pasadena very broadband (VBB) system
(IRIS-TERRAscope station) for not only the main shock but also the aftershocks at an
epicental distance at 3 to 4 km. We determined the focal mechanisms of 9 aftershocks
using these data. The first motion data for most of the aftershocks are too incomplete to
determine the mechanism using the conventional method. We approximated the moment
rate function by a triangle and inverted the amplitudes and polarities of P, SV and SH
waves to determine the seismic moment and the three fault parameters (dip, rake and
strike). Our results show that the mechanisms of the aftershocks are essentially similar to
the mechanism of the main shock with some variation. The average orientations of the P
and T axes of the aftershocks are consistent with the strike of Raymond fault. The ratio of
the logarithm of the cumulative seismic moment of aftershocks to that of the seismic
moment of the main shock is significantly smaller than commonly observed. It suggests
that most moment release of the earthquake resulted from a strong region of the fault plane.
The lack of aftershocks of the Pasadena earthquake is consistent with the failure of strong
asperities.

2. Seismic Strain Rates in Southern California

We determined the focal mechanisms of 271 Quality-A earthquake with M =3
which occurred in southern California during the period 1981-1988. We divided the
geographic distribution of seismicity into 10 domains and estimated seismic strain rates in
each by tensorially summing the seismic moment tensors for individual events. We
interpreted the summed moment tensor in each domain in terms of both seismic slip and
convergence rates. The deformation pattern for the entire region can be represented as a
sum of the San Andreas fault (SAF) type strike-slip motion and the NS convergence. Of
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the 271 analyzed events, 28% are thrust events, but they released 44% of the total seismic
energy. The NS seismic convergence rate in the central Transverse Ranges is about
8mm/yr for this period, which is comparable to the regional convergence rate estimated
from geological and geodetic data. Except for the San Jacinto fault domain, which has a
seismic slip rate of 13.6mm/yr, the seismic strain rates are much smaller than the
geologically determined slip rates. For instance, summation of all the events in the 250Km-
wide zone along the SAF yields only 11.2mm/yr right-lateral slip. The result is shown in
Figure 1.

3. Three-Diomensional Attenuation Structure of Kilauea-East Rift Zone, Hawaii

The three-dimensional attenuation structure in the crust underneath Kilauea, the East
Rift Zone and Maua Loa is imaged using both an iterative back-projection inversion method
and a generalized no block inversion method. The Kilauea shallow magma chamber, East
Riftr Zone and the Mauna Loa magma chamber are delineated as attenuating anomalies.
Detailed inversion suggests the existence of shallow magma reservoirs at Maua Uli and
Pu'u O'o, the present sites of magma eruptions. The Hilina Fault zone is highly
attenuating, dominating the attenuating anomalies at shallow depths. The "pipeline” system
between Kilauea and the East Rift Zone shows up as a continuous supply channel
extending down to a depth of approximately 6 km. The southwest Rift Zone, on the other
hand, is not delineated by attenuating anomalies, except at a depth of 8-12 km where an
attenuating anomaly is imaged west of Pu'u Kou. The Mauna Loa chamber is seated at a
deeper level (about 6-10 km) than the Kilauea magma chamber. A highly attenuating
anomaly extending from Kilauea to the Northest rift of Mauna Loa seems to indicate an
apparent linkage between the two volcanoes. Resolution in the Mauna Loa area is not as
good as in the Kilauea are due to poor ray coverage. There is a trade-off between the
imaged depth extent of the magma chamber under Mauna Loa and the error. Kilauea
magma chamber, on the other hand, is well resolved according to resolution test done at the
location of the magma chamber.
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Seismicity Patterns and the Stress State
in Subduction-Type Seismogenic Zones

Grant Number 14-08-0001-G1810

Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 216, University of Colorado
Boulder, Colorado 80309-0216
(303) 492-6089

Research during May through September, 1990 was dirccted to the following efforts: (1)
completion of the earthquake doublet analysis for detection of changes in material properties
related to the preparation for and occurrence of a strong earthquake; (2) modeling the changes in
the stress state in the main thrust zone due to the occurrence of moderate earthquakes and the
relation of stress changes to subsequent seismicity; (3) analysis of an event that filled a gap in the
distribution of aftershocks of the May 7, 1986 great earthquake; and (4) completion of the study
of aftershock sequences in southem Califomia.

Doublet Analysis

The project on the detection of velocity changes in the main thrust zone associated with the
occurrence of a major earthquake by the analysis of earthquake doublets has been completed.
Twelve doublets, selected to yield sampling of the material in the neighborhood of the rupture in
the May 7, 1986 Andreanof Islands earthquake, were analyzed by the cross-spectral method. The
individual events were relocated and members of a doublet werc almost all within 100-200
meters of each other. Shear velocity changes with time along doublet-to-station paths were found
to have a strong azimuthal variation, from 0.7% to the north-northwest of the source to no change
 at 50° to 60° east or west of north.

The velocity changes observed depended on both the segment of the thrust zone sampled
and the time interval spanned by thc doublet. The eastern segment (176.0° to 176.7° W) showed
little to no change during 1981-1985, but a large negative change (-0.6%) during the interval
spanning the 1986 mainshock. The central segment (176.7° to 177.2° W) showed a large negative
change (-0.5%) during 1981-1983, little to no change during 1983-1985, and a large negative
change (-0.7%) during the interval spanning the 1986 mainshock. The region to the west of
177.2° W, the western end of the 1986 break, showed only a slight positive change (0 to 0.2%)
during 1985-1986. A summary of velocity changes for the interval spanning the 1986 mainshock
is shown in Figure 1.

The observed velocity changes have been interpreted as due to anisotropic effects of chang-
ing stress associated with the preparation for the mainshock and its occurrence. During the time
interval of pronounced quiescence, on which the intermediate-term prediction of the 1986 earth-
quake was based, the velocity changed little or not at all. This implies, in our interpretation, that
the stresses in the active volume were changing little during the quiescence.

Publications. The results of this study are the basis of the Ph.D. dissertation: W.M. Kazi,
Velocity changes in the Central Aleutian Islands determined from the analysis of earthquake
doublets using cross spectral analysis method, University of Colorado, August, 1990. A summary
was presented to the Spring, 1990, Annual meeting of the American Geophysical Union: W.M.
Kazi and C. Kisslinger, "Doublet Analysis in Central Aleutian Subduction Zone," EOS, 71: 568,
1990.
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Effect of earthquake occurrence on stress distribution in a subduction zone

The objective of this project is to determine whether the contribution to the stress field at
specific points within the active seismic zone is large enough to be useful in predicting future
carthquakes. The redistribution of stress due to event occurrence within the part of the Aleutian
subduction zone monitored by the Central Aleutians Seismic Network is modeled. The changes
due to the static stress pulse associated with larger earthquakes are calculated at selected points,
based on a point source dislocation model. The relation of the computed stresses to the distribu-
tion of subsequent seismicity is then examined. Because the stress field is constructed from
seismicity information only, significant contributions to the variability of stress due to other
processes, especially aseismic deformations, may be missed.

The model assumes that all of the earthquakes occur on faults with the same orientation,
with the same slip direction. This assumption is reasonable, at least for the larger events, for a
seismic zone characterized by a dominant focal mechanism, such as the thrust mechanism in the
main thrust zone of the study area.

In the work so far, the traction field due to larger events, magnitude 4 and above, was calcu-
lated. The seismicity distribution in the surrounding area was examined for evidence of an
increase in activity where the traction component parallel to the slip vector was positive and a
decrease where that component was negative. A "seismicity spatial distribution function”, which
represents quantitatively how the spatial distribution changed from before to after the larger
earthquake, was defined. The computed traction field is cross-correlated with the seismicity spa-
tial distribution function, to obtain a measure of the similarity of the change in seismicity and the
traction distribution. The traction-seismicity measure is the difference between the traction field
averaged over the events after the large earthquake and the same traction field averaged over the
preceding events. A positive value indicates that the seismicity distribution resembles the traction
field, because the seismicity increased in areas in which the traction was positive and/or
decreased where it was negative.

First results are;

(1) An assumed mechanism for the larger earthquakes resulted in a fraction of large earth-
quakes with a positive measure that would be expected to occur in 4.6 of 100 random trials.

(2) The same assumed mechanism showed the strongest influence of the stress pulse on the
seismicity closest to the larger earthquakes.

(3) When the mechanism was varied systematically through a range of orientations, one of the
two geometries with the largest number of increased values of the traction-seismicity meas-
ure is low-angle thrust, typical of central Aleutian earthquakes.

(4) First motions predicted for the mechanism with the highest value of the traction-seismicity
measure agreed with observed first motions to an extent that has only a 15% probability of
arising by chance.

Although each of these points is only modestly significant, together they provide substantial
support for the hypothesis that the occurrence of small earthquakes with the observed spatial dis-
tribution is being influenced by the stress pulses of larger events.

Earthquake of March 12,1990

An earthquake with my, 6.1 occurred 30 km south-southwest of the epicenter of the May 7,
1986 mainshock epicenter, on March 12, 1990. This event is of special interest because its aft-
ershock sequence filled in a "gap" in the aftershock zone of the 1986 earthquake where no
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aftershocks of that event occurred. One of the questions left by the investigation of the 1986 aft-
ershocks has been whether the patches without aftershocks, and, in most cases little pre-
mainshock activity, were weak zones, in which no strain accumulates, or strong patches at which
the stress pulse applied by the strong mainshock was not sufficient to trigger aftershocks.

The eastern half of the March 12 sequence, including the mainshock epicenter, overlapped a
swarm of earthquakes that occurred on January 9-10, 1989 and partially filled in the "gap" left by
the 1986 earthquake. A tight cluster of aftershocks in the westem part of the zone filled a spot
devoid of previous activity. Eight foreshocks preceded the March 12 event, starting with an my,
4.8 on February 27. The three early foreshocks were close to each other, on the western edge of
the gap; the last three were close to the mainshock, and their locations converged on the
mainshock epicenter, cight days before.

The approximate stress drop for the mainshock was 3 bars, calculated from the seismic
moment computed by Harvard and the rupture area estimated from the aftershock distribution.
The p-value (Omori decay rate) of the aftershocks was 1.0740.06 (normal), with a b-value of 0.68
(low).

The tentative conclusion, pending completion of the study, is that this particular "gap" in
the 1986 aftershocks marked a strong patch on the thrust zone, not a weak one. The stress pulse
applied to this site by the 1986 mainshock was only slightly greater than the static shear strength,
and four years passed before failure occurred to produce a late, strong aftershock. However, the
stress drop in the event was quite normal and does not indicate unusually high stresses at this site.

Southern California Aftershocks

As part of the general study of aftershocks as indicators of fault zone properties and tectonic
influences on earthquake generation, a study of 39 southern California aftershock sequences,
1933-1988, has been completed. The principal conclusions are:

(1) the mean p-value in southern California is 1.10, with many sequences on the principal faults
exhibiting valucs close to this.

(2) Values of p significantly higher and lower than this mean value do occur, from 0.69 to
1.81.

(3) The p-values are not correlated with mainshock magnitude, the b-values of the sequences,
or the differcnce between the magnitudes of the mainshock and the strongest aftershock.
The data are insufficient to test a dependence of p on depth.

(4) Crustal temperature, as indicated by surface heat flow, is a dominant factor in controlling
aftershock decay rate. High p-values (fast decay rate) occurs at places with high surface heat
flow, and conversely. This correspondence, which was noted in a general way for Japan by
Mogi in 1967, is the first physical cause found that puts order into the geographic distribu-
tion of p-values. The physical explanation is that high temperature causes shortened stress
rclaxation times in the fault zone materials, so the aftershocks die out more rapidly. Tem-
perature is not the sole goveming factor, and the properties of individual faults, such as
heterogeneity, play a role.

This work was done in collaboration with L. M. Jones, U.S.G.S., Pasadena.
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Presentation and Publication A paper summarizing this work was presented at the Western
Pacific Geophysics Meeting, Kanazawa, Japan, August, 1990: C. Kisslinger and L. M. Jones, Pro-
perties of Aftershock Sequences in Southern California, EOS, 71: 895, 1990.

A version with more recent findings will be presented at the Fall Annual Meeting of the
American Geophysical Union: C. Kisslinger and L. M. Jones, Aftershock Sequence Decay Rates
in Southern California are Controlled by Crustal Temperature.
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Investigations

Determine slip rates and earthquake recurrence times on San Andreas and Hayward faults.
Compare rates of geologically determined surface slip to rates of historic creep and
geodetically determined deep slip. Analyze effects of structural complexity and fault
segmentation upon inferring recurrence from slip rate.

Results

1. Earlier Work. Along most of the Hayward fault, offset features yield creep rates of
3.5-6.5 mm/yr over decades, but a 4-km-long segment in south Fremont has crept at §-10
mm/yr [Lienkaemper and Borchardt, 1990; Lienkaemper et al., in review]

USGS/CDMG trenching in central Fremont 1986-1987 [Borchardt et al., in review]
showed a Holocene slip rate of 5 mm/yr which may be too low because it excludes much of
the 200-m-wide fault zone. Thus the 8 to 10 mm/yr creep rate in south Fremont may better
represent the full long-term slip rate on the fault. Testing this possibility, in 1989 we
trenched the Masonic site in Union City where the fault seems narrower.

. Quaternary Slip Rates, Masonic Site. We identified six buried fan units offset by the
fault, yielding slip of: C) 0-20m, E)46+ 5m, G) 66+ 5 m, I) 88 + 5 m, K) 131 £ 6 m,
and M) 167 £ 6 m. Radiocarbon dates constrain slip rate well for two apexes: 8.0 + 0.6
mm/yr (8.3 ka) on G, and £9.2 mm/yr (14.2 ka) on K. Dates on apex E bracket the rate
between >7.4 and 9.9 mm/yr. The trench in 1990 should improve both stratigraphic
control and accuracy of slip. We are now logging it. Thus far the slip on apex G is
confirmed but work on the other units continues.

The Masonic slip rate is only 8 mm/yr, but such geologic rates are often minima because
faults are wide compared to lengths of slip markers. Our goal at Masonic is to see if the 9
mm/yr creep in south Fremont reflects long-term slip rate for the entire Hayward fault.
Masonic data support this conclusion, but we may still underestimate the full slip rate of the
Hayward fault because the 9-mm/yr creep segment showed surface rupture in 1868.

Reports
Borchardt, G., J. J. Lienkaemper, and K. Budding, Holocene slip rate of the Hayward
fault at Fremont, California: in review.

Lienkaemper, J. J., and G. Borchardt, Holocene slip rate, historic creep, and the potential
for large earthquakes on the Hayward fault, California (abstr.): EOS, 1990.

Lienkaemper, J. J., G. Borchardt, and M. Lisowski, Historic creep rate and potential for
seismic slip along the Hayward fault, northern California: submitted to JGR.
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Earthquake Research in the Eastern Sierra Nevada
Western Great Basin Region

Contract 14-08-0001-C1524, 1 April - 30 Sept 1990

W.A. Peppin
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4218

Investigations

This contract supports continued research focused on the
eastern Sierra Nevada and western Great Basin region. We have
investigated: (1) seismicity near the south moat of the
caldera wusing an array of portable event recorders and
waveform inversion of these for the seismic moment tensor, (2)
pulse-width studies for estimates of stress drops, and (3)
mantle ¢nisotropy under the western U.S. Some of these
results are described below.

Results
(1) Wwaveform Inversion

Steve Utorton has produced a program for doing waveform
inversicn. The program is comparable to ones written by Brian
Stump ard Andres Mendez, but is made to take the general
source input from program PROSE. As yet, the new code has not
been applied to the waveform data collected in spring 1990
near the south moat of the Long valley calrera pending work on
the Loma Prieta earthquake. Application slould begin within
the next two months.

(2). Pulse-Width Studies

Smith and Priestley have presented estimate¢s of stress drops
as obtain2d by the pulse-width method of l'rankel and Kanamori
(1983). Their results are significant for use in arrays such
as ours where most of the signals are urcalibrated vertical
waveforms. Their results show low stress drop in the region
believed to have ruptured in the main event of the 1984 Round
Valley sequence and higher stresses around the edges of this
zone. During this contract period, we are making a comparison
between stress drops computed from the pulse-width method with
those obtained by spectral analysis from the new
three-component wideband (0.05 to 20 Hz) data at station WCK,
located just west of the Round valley aftershock zone in the
mountain block south of Long vValley caldera, using events
quite clos= to this site so as to minimize path effects. Data
accumulated to date includes only a few events with magnitude
greater than 3. There 1is considerable lack of correlation
between pulse widths and the S-wave spectral corner
frequencies at this site. However, WCK has a significant site
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response, even though it was chosen to be a "rock" recording
site. The gain at WCK is now reduced so that larger events
can be recorded at this site for such analysis.

(3). Anisotropy Studies.

We have recently (Silver and Savage, 1990) made a study of
anisotropy in the mantle wunder western North America using
teleseismic records from 27 stations in the Nevada -
California region. S-wave splitting is azimuthally dependent
along the San Andreas fault (based on 18 stations) and one
station in the Sierran Block (CMB) shows the largest time
separation yet seen on this continent (2.1 +- 0.2 seconds),
with the fast direction N78W. The results are summarized in

Figure 1.

In the northwest Basin and Range province, four stations give
an average fast direction of anisotropy of N74E, while station
ELK gave N78W, in general agreement with the present-day
direction of extension. Note in the figure that fast
directions in the southern Great Basin are markedly different
from those in the northern Great Basin, indicating differences
in the mantle to accompany differences in magnetic signature,
gravity, and topography in the two regions.

these observations are interpreted in terms of strain-induced,
lattice-preferred orientation of olivine in the upper mantle.
For several nearby geologic regions, the anisotropic
signatures are consistent within each region, but vary greatly
between regions. Along the San Andreas fault, results are
dependent wupon the back-azimuth of the teleseismic event.
These observations suggest that rapid changes occur in the
perferred orientation of olivine in the upper mantle, and that
the boundaries within the upper mantle correspond to geologic
boundaries at the surface. The changes in olivine orientation
probably represent changes in the present rheology or applied
stress, or in the pre-existing fabric.

The large anisotropy under the Sierran block, if confirmed at
more stations, implies an wunusually deep-seated (> 200 km)
anisotropic feature within ghe upper mantle. This E-W fast
feature cannot be caused by past compressional episodes, which
should yield N-S fast.
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Salton Trough Tectonics and Quaternary Faulting
9910-01292

Robert V. Sharp
Branch of Engineering Seismology and Geology
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-5652

Investigations

1. Post-seismic near-field deformation, 1989 Loma Prieta earthquake.

2. Surface faulting associated with the M. 7.8 Nueva Ecija earthquake,
Philippines, 16 July 1990 (with C. Newﬁa]], USGS; R. Punongbayan,
and J. Umbal (Philippine Institute of Volcanology and Seismology).

Results

1. On the 226th post-earthquake day, the relative horizontal positions of the

three reference marks were remeasured with a theodolite and EDM across the
"Pink House" fractures, which displayed rather impressive coseismic left-
lateral offset of Summit Road (on the mountain ridge SW of the San
Andreas fault, SE of State Highway 17). The data indicate continuing
small-scale, ENE-directed extension over a 270-m interval spanning the
surface fracture. The 13 mm extension is interesting principally because
jts orientation is about normal to the fracture trace and about 70 degrees
clockwise from the coseismic left-lateral displacement vector measured ad-
jacent to Summit Road. Thus, the post-seismic changes are not only small
in magnitude but also directed at a high angle to the coseismic slip at
this site.

One of the objectives of this monitoring was to see if post-seismic defor-
mation might reveal clues to the origin of these fractures--that is, whe-
ther they were primary tectonic breaks. The post-seismic data do have
implications regarding this question, but they take a curious form. Three
kinds of forces may be relevant to the creation of the coseismic fractures
along Summit Road--7.e., tectonic forces due to the tractions of the
underlying coseismic displacement, transient inertial forces due to the
strong ground shaking, and the gravitational force that acts continuous-
ly. At the time of the mainshock, all of these forces are present, but in
post-seismic time only residual tectonic forces and gravity exist. If the
coseismic fracture displacement were gravitationally driven, why is the
post-seismic deformation so unlike it, particularly in the direction of
motion? This dissimilarity suggests that the gravitational force played a
minor role in producing the coseismic slip there. If the crack were a
primary tectonic feature, then the observed post-seismic deformation is
unlike continuing afterslip that has been described in conjunction with
other surface faulting events. By discounting the Tikelihood of dominance
of both tectonic and gravitational forces, inertial force due to strong
ground motion remains as the prime suspect. It is unfortunate that there
were no strong motion recordings made along this mountain ridge.

101

2



I.

The ratio of the left-lateral to dipslip components of coseismic movement
on the "Pink House" fracture, about 1.24, is exceedingly difficult to
explain by a recently proposed mechanism of conversion of pure bedding-
plane dipslip upward to oblique slip on a clockwise rotated fracture.
There are severe geometric constraints that allow for a small amount of
this kind of conversion, but to obtain a dominant strike-slip component
would require rotations so large that they are inconsistent with the
oq;entations of bedding planes that have been recorded along the mountain
ridge.

2. Lleft-lateral surface rupture broke along parts of both the northwest-
trending Philippine fault and its northward splay in the Cordillera Cen-
tral, the Digdig fault, over a distance exceeding 110 km. The main shock
location, near the Philippine fault at Bongabon about 30 km from the
southeast end of the surface rupture, implies that most of the rupture
spread unilaterally toward the northwest. Not only did aftershocks extend
northward more than 100 km beyond the observed length of the surface
breaks, but also their complex pattern suggests the possibility that addi-
tional faults may have ruptured at the surface. Although no breaks were
observed along the Philippine fault strand where it bounds the Cordillera
Central to the west of the Digdig branch, aftershocks occurred near this
trend as far as the west coast near Lingayen Guif.

The maximum horizontal component of surface slip, more than 6 m, was ob-
served on the Digdig fault near Capintalan, about 160 km north of Manila,
at the northern extremity of the surface investigation. Even larger dis-
placements are possible in the as-yet-unchecked northern sections of the
fault. Although this maximum is one of the largest strike-slip surface
movements on the earth in this century, the 3-4 m average slip is expect-
able for earthquakes of this magnitude. The largest displacement found on
the Philippine fault, near Kamuning and the mainshock epicenter, was about
5. m. Vertical components of slip were consistently subordinate but re-
versing in sense at several places along the rupture; the largest measured
vertical offsets were about 2 m.

Post-seismic creep was monitored at Rizal near the midpoint of known sur-
face rupture; between the 13th and 20th post-earthquake days creep was
negligible at that site. A possible 2 cm lateral displacement occurred by
the 21st day, perhaps at the time of a strong nearby aftershock.

Reports

Sharp, Robert V., and Umbal, J. 1990, Surface displacement on the Philippine-
Digdig fault associated with the Mc 7.8 Nueva Ecija earthquake of 16 July
1990: Eos (Abstract, in press).
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CAPTION FOR FIGURE 1 -- 9910-01292

Map of surface faulting associated with the 1990 Nueva Ecija earthquake.
Heavy lines indicate left-lateral fault ruptures that were observed and mea-
sured on the ground. Dotted lines represent other fault traces within the
region of aftershock activity; surface displacement on these is either absent
or unknown (locations from geologic map of Philippines, 1963 edition of PBM).
Heavy dots are NEIC-located epicenters of aftershocks (4.4 < M < 6.5) within
27 days of the mainshock (circled dot). Open circle near Bongabon shows ap-
proximate epicenter of aftershock associated with small creep displacement
observed at Rizal. A1l epicentral locations are approximate. Labels PFZ and
DF indicate Philippine fault zone and Digdig fault, respectively.
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Seismotectonic Framework and Earthquake Source Characterization (FY90)
Wasatch Front, Utah, and Adjacent Intermountain Seismic Belt

14-08-0001-G1762

R.B. Smith, W.J Arabasz, and J.C. Pechmann*
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112-1183
(801) 581-6274

Investigations: April 1, 1990 - September 30, 1990

1.  Magnitudes of prehistoric Intermountain seismic belt earthquakes from surface rupture
lengths and displacements.

2. Paleoseismicity and contemporary deformation of the Teton fault, Wyoming.
Rate of decay of aftershocks in the Utah region.

4,  Estimation of seismic moments of Intermountain seismic belt earthquakes from Wood-
Anderson seismograms.

Results

1. We have calculated surface wave magnitudes for the most recent prehistoric scarp-forming
earthquakes associated with Quatemary normal faults of the Intermountain seismic belt (ISB).
The magnitude estimates are based on unweighted least squares linear regressions of M, on
both surface rupture lengths and maximum surface displacements of instrumentally-recorded
normal-faulting events in intraplate extensional regimes of the western U.S. and other parts of
the world. The earthquakes used in the regressions (16 total) have a magnitude range of

64 < MS < 7.6 and are limited to those with the following characteristics: 1) either purely
normal or oblique-normal surface offset, 2) measured scarp heights and rupture lengths, and 3)
calculated surface wave magnitudes. These data yield the following relations:

M = 0.85LogL + 5.7

MS =0.66 Log D + 6.8

where L = length (km) and D = maximum measured surface displacement (m). Standard devi-
ations and correlation coefficients are + 0.24 MS units and 0.76, respectively, for the first equa-
tion and £ 0.22 and 0.82 for the second.

*J.0.D. Byrd, C. Li, D.B. Mason, and D. Wu also contributed significantly to the work
reported here.
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These scaling relations were applied to a new compilation of fault parameters and ages
determined by trenching and morphologic studies of 25 of the most prominent Late Quaternary
faults in the ISB. Many of the faults that have been quiescent during historical time show not-
able Quaternary activity. Maximum magnitudes (Ms) range from 6.3 to 7.3 along the primary
seismogenic structures: Wasatch, Lost River, Lemhi, Beaverhead, Madison, Teton, Star Val-
ley, East Cache, and Bear Lake faults. The ~370-km-long Wasatch fault dominates the ISB
paleoseismicity with magnitudes consistently greater than 6.5 and averaging 6.9 for its 12
mapped segments.

2. The Teton fault extends for ~55 km along the east side of the Teton Range at the
northeastern edge of the Basin-Range province. In a project funded jointly by the National
Park Service and the U.S. Geological Survey, we have identified two to three Quaternary seg-
ments for the fault, 13 to 42 km in length, that are marked by 3 to 50 m high fault scarps in
Pinedale (~14,000 yr) moraines and younger fluvial/alluvial deposits. In contrast, the Teton
fault occupies a prominent gap at the M 3+ level in the historical seismicity of the Intermoun-
tain seismic belt. A trench across the 20-km-long southern segment exposed a 4.1 m normal
fault displacement on a fault dipping 85° E that is associated with one, and possibly two,
prehistoric slip events. Conventional radiocarbon dates averaged from two samples recovered
from a paleosol indicate an age of faulting of 7,175 + 100 radiocarbon years. If a younger
event has contributed to the total offset, the displacements associated with the 7,175 yrs b.p.
and younger events are on the order of 1.3 m and 2.8 m, respectively. Comparison of the

4.1 m offset with offsets produced by historical normal faulting earthquakes suggests that it
was the product of a single M, = 7.2 + 0.3 event, or possibly two MS = 7.0 £ 0.3 events. For
the single-event scenario, comparison with the historical normal fault data suggests that the
entire length of the Teton fault would have ruptured. In the two-event case, the southern seg-
ment and all, or part, of the middle segment of the fault would have ruptured. Extrapolation of
the "single event” 4.1 m offset onto the 13 m high, multiple event scarps in the vicinity of the
trench site suggests that the Teton fault is characterized by post glacial slip-rates of 0.5 mm/yr,
assuming a conservative estimate of 30,000 yr for glacial cessation, or 1.6 mm/yr using the
commonly accepted 14,000 yr Pinedale age.

In a cooperative project with Art Sylvester of the University of California, Santa Barbara,
we have conducted two leveling surveys of an east-west profile across the middle segment of
the Teton fault. The 22-km-long leveling line was established in 1988 to first order surveying
standards. The results of the initial 1989 re-observation of this line indicate that the footwall
block, the Teton Range, subsided up to 7.8 mm * 0.7 mm relative to the valley floor over the
one-year period. On geological grounds, we expected the mountain block to rise rather than
subside. This observation of mountain block subsidence is considered very anomalous and
reflects unknown processes that may be related to the current quiescence of the Teton fault.
There are several possible explanations for this unusual aseismic behavior, such as interseismic
energy accumulation, seismic energy release in the Gros Ventre block to the east that is lock-
ing the Teton fault, or footwall subsidence due to lateral deviatoric compression on a uniform
upper-crustal block, including the fault. Nonetheless, the measured deformation occurred as
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aseismic creep, i.e., without accompanying earthquakes. These observations notably represent
the first well-documented evidence of aseismic creep across a major normal fault in the western
U.S.

3. As a follow-up to observations by Veneziano and others (1987; Eos 68, 1368-69) of
suppressed earthquake clustering in the vicinity of the Wasatch fault, compared to neighboring
regions, we have undertaken a systematic study of aftershocks in the Utah region. In particu-
lar, we are interested in the variability of the parameters K, ¢, and p in the modified Omori
law, which describes the time-dependent decay in numbers of aftershocks: N(t) = K / (t+c) P
where t is time after the main shock and N(t) is the number of events per unit time. For prel-
iminary calibration, well-recorded earthquake sequences associated with seven main shocks,
47 < ML < 6.0, 1975-1989, were analyzed in detail. The Omori decay parameter, p, ranges
from 0.7 to 1.2. For one relatively deep sequence, 20-25 km deep in Precambrian basement,
p = 0.95t 0.12, close to the mean value for the seven sequences. Faced with the persistent
obstacle of having many individual sequences with too few events for appropriate statistical
processing, we have begun collaborative work with P. A. Reasenberg, USGS, to apply his
composite-cluster methodology (Reasenberg, 1990; Seism. Res. Lett. 61, 40). We are proceed-
ing to analyze and group secondary events in our catalog in such a way that the Omori param-
eters can be compared to results in California—as well as allow testing for space-time
differences within the Utah region. For the latter purpose, original szismograms have been
extensively re-examined to document the time-size distribution of aftershocks associated with
seven main shocks, 4.0 < ML < 5.7, that occurred in the Wasatch Front region during 1962-
1972, before the start of modern network monitoring in 1974.

4. We are analyzing data from 58 aftershocks of the 1983 Borah Peak, Idaho, earthquake to
test and calibrate for the Intermountain seismic belt a simplified method for estimating seismic
moments from Wood-Anderson seismograms. The method is similar to that proposed by Bolt
and Herraiz (1983; Bull. Seism. Soc. Am. 73, 735-748) and assumes a relation of the following
form:

logM_ =2a+bxlog (CxDxR

where R is the hypocentral distance of the station, C is the maximum peak-to-peak amplitude,
D is the duration between the S arrival and the onset with amplitude C/d, and a, b, p, and d are
constants to be determined empirically. Our measurements of C and D come primarily from
synthetic Wood-Anderson seismograms made from horizontal-component digital recordings
obtained by the USGS at 12 stations located at epicentral distances of less than 50 km. Addi-
tional measurements come from analog Wood-Anderson seismographs located in Utah at epi-
central distances of 400 to 480 km. Seismic moments for the 58 calibration events have been
previously determined from pulse arcas of SH-waves recorded on the USGS digital stations or
from long-period data recorded at regional and teleseismic distances. To complete this investi-
gation, we are currently making direct comparisons of SH-wave pulse areas and the quantity C
x D x R” to test the theoretical basis of the Bolt and Herraiz technique, and are evaluating

107



whether or not this technique provides better estimates of M o than the empirical
M 0" ML relation determined from the same data.

Reports and Publications

Arabasz, W.J. and G. Atwood ‘(1990). Seismic instrumentation—A five-element, $3 M state
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Byrd, J.0.D. and R.B. Smith (1990). Dating recent faulting and estimates of slip rates for the
southern segment of the Teton fault, Wyoming, Geol. Soc. Am. Abstracts with Programs
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Identification of Active Faults and Source
Characteristics in the New Madrid Seismic Zone

14-08-0001-G1870

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

Investigations

The purpose of this research is to investigate the spatial distribution of
earthquake foci a) in the middle or off-set portion of the New Madrid Seismic
Zone (NMSZ) between New Madrid, Missouri and Gratio, Tennessee, and b)
along the southern portion of the zone, especially in the neighborhood of the
Blytheville Arch. The hypothesis is that the spatial distribution, together with
focal mechanisms, will identify the orientation of fault surfaces and the motion
on the faults in these ambiguous portions of the zone.

Hypocenters determined by SLU in the NMSZ using data from seven or
more stations from 1979 to the present form the basic data set. There are
more than 1138 such events (see Figure 1).

Advantage is taken of the presence of elements of the 40-station, three-
component PANDA array deployed in the central part of the NMSZ during the
last quarter of 1989 through the first two quarters of 1990. Digital trace and
phase data, which were picked by the Center for Earthquake Research and
Information (CERI) have been received for the first seven array tapes covering
the period 18 November 1989 through 13 July 1990. There are 94 events
recorded by both PANDA and SLU networks, out of a total of 107 events
recorded for the entire period by SLU. During the next report period, these
events will be used as set of master events in the relocation of all SLU net-
work events in the NMSZ noted above.
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FIGURE 1 -- All events 1 January 1979 through 31 March 1990 (135
months) recorded by SLU network with seven or more stations (1138
events). These events will all be reprocessed in a JVHD relocation

procedure.
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Use of Short-Period Waveforms in Seismotectonic Studies

#14-08-0001-G1795
Ta-liang Teng

Center of Earth Sciences
University of Southern California
Los Angeles, CA 90089-0740
(213) 740-5838

INVE ATI

This research makes use of the waveforms and spectrums of the short-period
seismic data to investigate properties on wave propagation beyond the conventional travel-
time and polarity studies. Through particle motion analysis using on-scale waveform data,
we investigate the crustal anisotropy. Identifying the lower crust reflections and converted
waves, we study the structure of the Los Angeles Basin and its surrounding basement
rocks. An analysis of the spectrums provides information on attenuation and source
properties.

RESULTS

Seven seismic stations in the Los Angeles basin are equipped with Optimum
Telemetry System(OTS) which is a front-end microprocessor-controlled gain-ranging
device that upgrades the recording of the conventional telemetrered seismic signals to
achieve a 120 dB effective dynamic range. With OTS operating in the past several years,
we have obtained a large volume of on-scale, 3-component recordings of local earthquakes.
We have completed the scanning and sorting of all digital waveforms recorded on the OTS
in the Los Angeles Basin during the past two years. Amplitude calibrations are done based
on the decoded gain codes associated with the OTS data. The results are well calibrated,
on-scale, 3-component waveforms. An examination on these waveforms show that many
arrivals between P and S, as well as those clear after S cannot be explained by normal coda
decay as a result of the scattering process. We have constructed seismic sections using data
from many earthquakes recorded at a single station. From these seismic sections we try to
identify arrivals that can be modelled as reflections or converted waves using a ray-tracing
technique. Many phases arrived later than the P and S are identified and are used to study
the crustal reflectors and boundaries such as the basement boundary, the lower crust
reflector, and the Moho. At the same time, waveform analysis is applied to isolated body
wave signals for information concemning the source characteristics and the Q structure of
the southern California crust.

REFERENCES

Lj, S.B. and T.L. Teng, Dependence of Richter magnitude scale on site conditions and
local geology, Fall AGU meeting, 1990.

Teng, T.L. and J. Wang, Analysis of short-period waveform in the Los Angeles basin,
Fall AGU meeting, 1990.
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Late Quaternary Recurrence Intervals on the Owens Valley Fault
Zone, Lone Pine, California

14-08-0001-G1783

Paul Bierman and Alan Gillespie
Department of Geological Sciences, Mail Stop AJ-20
Seattle, WA 98195

Objectives: Our investigation has two main objectives: to
constrain more tightly current estimates of recurrence intervals
and fault slip rates for the Lone Pine fault, a subsidiary strand
of the Owens Valley Fault Zone and to evaluate rigorously the
accuracy, precision, and utility of rock varnish dating methods.

Results: Since the preparation of the last report we have done
the following:

Continued processing thermoluminesence samples with Dr. G.
Berger, Western Washington University. We are dating 12
samples from the two trenches opened across the colluvial
wedge shed from the Lone Pine fault. We anticipate that
initial age data will be available in early 1991.

Collected 44 varnished cores from a granodiorite boulder
sequentially exposed on the fault scarp at Lone Pine. We
have analyzed varnish on the cores using an SEM and are
presently reducing the data. Data gathered from this
boulder will constrain the spatial variance of rock varnish
chemistry and indicate whether cation ratio dating will be
useful for constraining faulting rates at Lone Pine.

Prepared and analyzed three synthetic rock varnish
standards. We have conducted a blind interlaboratory
comparison which suggests that many if not all previously
published cation ratios may be inaccurate. We are using
these standards to control the quality of our SEM analyses.

Collected rock varnish samples from features of known age
for the purpose of testing sample preparation methods for
% analyses of rock varnish.

Dissemination of Results: We have presented and will continue to
present our data and findings at meeting of professional
societies and in refereed publications. We are presenting three
poster sessions at the Geological Society of America, Penrose
conference on Methods of Exposure Age Determination, October
1990.
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rock varnish cation ratios: Scanning Electron Microscopy
International, accepted for publication pending revision.
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chemical analyses: implications for cation ratio dating:
Geology.
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Geology.
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Surfaces: Geological Society of America Abstracts with
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ratio dates:Geological Society of America Abstracts with
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Surface Faulting Studies
9910-02677

M.G.Bonilla
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 329-5615

Investigations

1. Geology of Marina District
2. Visibility of faults cut by exploratory trenches
Results

1. The geology of the Marina District of San Francisco is under study to better understand the
pattern of earthquake damage there. Maps dating back to 1851, archival materials including
photographs, published reports, and logs of borings made from 1912 to 1990 were used to
decipher the geology, including the artificial fills. Preliminary results given in an open-file report
are being revised on the basis of newly-compiled borings, old maps, and old photographs.

2. Revisions were made on a manuscript on factors affecting the visibililty of faults cut by
exploratory trenches.

Reports

Bonilla, M. G., 1990, Natural and artificial deposits in the Marina District, in Effects of the Loma
Prieta earthquake on the Marina District San Francisco, California: U. S. Geological Survey
Open-File Report 90-253, p. A-1-A-24.

Bennett, M.J., Bonilla, M.G., and Holzer, T.L., in press, Liquefaction in the Marina District, San
Francisco, California, during the Loma Prieta earthquake [abs.}]: Geological Society of
America Abstracts with Programs

Bonilla, M. G., and Lienkaemper, J. J., in press, Factors affecting the recognition of faults
exposed in exploratory trenches: U. S. Geological Survey Bulletin 1947.

Bonilla, M. G., in press, Historical faulting, in Moore, G.W., Chairman, Geodynamic Map of
the Circum-Pacific Region, Arctic Sheet: U.S. Geological Survey Map CP-38, scale
1:10,000,000.
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Northern San Andreas Fault System
9910-03831

Robert D. Brown
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 329-5620
l tiqati

I Research and review of work by others on the tectonic setting and earthquake
potential of Diablo Canyon power plant (DCPP), near San Luis Obispo, California.
Activities are in an advisory capacity to the Nuclear Regulatory Commission
(NRC) staff and are chiefly to review and evaluate data and interpretations
obtained by Pacific Gas and Electric Company (PG&E) through its long-term
seismic program.

2. Advisory activities for Bay Area Regional Earthquake Preparedness Project
(BAREPP) and San Francisco Bay Conservation and Development Commission
(BCDC), both of which are state agencies.

3. Synthesis studies of the geology, seismology, and tectonics of the San Andreas fault
system, especially in northern California.

Results

1. Completed review of geologic data and interpretations regarding the tectonic
setting and earthquake potential near Diablo Canyon power plant. Prepared a draft
report summarizing USGS review comments regarding PG&E's interpretation of
earthquake hazard at Diablo Canyon, circulated the draft internally for peer
comments, and began revision for final document.

2. Completed final reviews of an assembled mock-up of Professional Paper 1515 on
the San Andreas fault system, which now awaits printing.
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3. Prepared draft chapter, with R. E. Wallace and D. H. Hill, on the San Andreas fault
system for a book, The Geological Character of Active Fault Zones, edited by R.
Bucknam and P. Hancock, and sponsored by the International Geological
Correlation Program.

Reports

1. Brown, Robert D., 1990, Geology and land use: Networks, earthquake
preparedness news, Bay Area Regional Earthquake Preparedness Project, v. 5, no.
2,p. 11.
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Seismic Hazards of the Hilo 7 1/2° Quadrangie, Hawaii

9950-02430

Jane M. Buchanan-Banks
Branch of Geologic Risk Assessment
U.S. Geological Survey
David A. Johnston Cascades Volcano Observatory
5400 MacArthur Boulevard
Vancouver, Washington 98661
(206) 696-7996

Investigations

Revised manuscript on the geology of the Hilo 7 1/2' Quadrangle, Island of Hawaii, based
on BWTR review.

Results

Manuscript returned from BWTR in April and next few months were devoted to
incorporating suggested changes into text and description of map units; tables required
extensive revision to make them more readable and improve clarity of depiction of
sampling sites on map sheet. Revisions completed and manuscript forwarded to BWTR at
end of September for final check on consistency before it receives Director's approval.

Tables of chemical analyses for open-file report on the chemistry of the Hilo quadrangle
rock samples were also revised as a result of this review.
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Stream Responses to Uplift and Climatic Change,
North Canterbury, New Zealand

NSF-USGS Joint Project
Progress Report October 1990

William B. Bull
Department of Geosciences
University of Arizona
Tucson, Arizona 85721
(602) 621-6024

INVESTIGATIONS
Introduction and Objectives

The Charwell River in the northeastern part of the South Island of New Zealand is a superb
fluvial system in which to investigate responses of streams to vertical and horizontal earth
deformation and climatic changes during the late Quaternary. The moderately small watershed is
underlain by fractured greywacke sandstone and extends to the crest of the Seaward Kaikoura
Range. Streamflow from the 30 km?2 main branch joins flow from the 10 km?2 right branch a short
distance downstream from the highly active Hope fault. My work has been concentrated in the
piedmont reach for the purposes of 1) describing stratigraphy, sedimentology, and soil profiles of
valley fills, 2) dating aggradation events and flights of degradation terraces, and 3) estimating late
Quaternary displacement rates along the faults of the Hope fault system. These data will form the
basis for understanding the tectonic and geomorphic responses of streams in this humid region to
climatic changes. The Charwell River site has proved to be an excellent model for differentiating
between tectonic, climatic, and complex response stream terraces (Bull, 1990, 1991), and has the
potential for being one of the world's best dated flights of stream terraces. Dating is proceeding in
several stages. This report summarizes the results of radiocarbon dating and provides brief
descriptions of dated stratigraphic units.

Tectonic Setting

The 220 km long Hope fault is the most active splay of the Alpine shear system in the
Marlborough region. The fault bounds the south side of the Seaward Kaikoura Range and thus
separates the watershed and piedmont reaches of the Charwell River. It strikes at about 073°
across the South Island from the Alpine fault on the northwest side of the Southern Alps to the
southwestern end of the Hikurangi Trench. It is part of a diffuse transpressional transform
boundary between the Australian and Pacific plates that links the Tonga-Kermadec, Hikurangi, and
Puysegur trenches. Oblique plate convergence is large (about 47 m/ky at 264° + 2°) for the Hope
fault with a compressional component of as much as 22 m/ky that tends to raise the Southern Alps
at 5-8 m/ky and thicken their crustal root (Walcott, 1984; Allis, 1981; Bull and Cooper, 1986).
My work (Bull, in preparation, a, b, ¢) shows that this fault has a slip rate that is similar to that of
the San Andreas fault of California (33 £3 m/ky during the past 40 ka) but also has a large
component of vertical movement (2 to 6 m/ky [Bull, 1985; Bull and Cooper, 1986]).

A tectonic setting of rapid horizontal and vertical displacement is largely responsible for the
Charwell River being a most unusual and valuable study area (Bull and Knuepfer, 1987). The
watershed reach has been shifted progressively to the northeast relative to the piedmont reach.
Former piedmont valleys of the Charwell River are preserved because of the rapid right-lateral
tectonic translocation. Each valley records a major shift in stream-channel position to the east. The
river is confined in a 50-65 m deep valley during times of maximum degradation such as the
present. Avulsion cannot occur during times of stream-channel entrenchment, but continued lateral
movements between the drainage basin and piedmont reaches set the stage for abrupt changes in
channel position. Optimal conditions for the piedmont reach to adjust its position relative to the
tectonically translocated drainage basin occurred during times of maximum aggradation when
streamflows issuing from the Seaward Kaikoura Range spread out on unentrenched alluvial fans,
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which have completely filled piedmont valleys. At these times streams in the piedmont reach are
free to seek new courses farther to the east in order to correct for the amount of tectonic
translocation that had occurred since the preceding avulsion. The subsequent episode of
degradation creates a new piedmont valley that tends to be separated from the prior valley by a
distance equal to the amount of tectonic offset between the watershed and piedmont reaches since
the preceding time of piedmont valley formation. Along most streams, aggradation and
degradation episodes generally are stacked on top of each other in a bewildering complex of partial
stratigraphic and geomorphic records. The tectonic setting of the Charwell River tends to preserve
complete records of both aggradation and degradation in tectonically translocated valleys through
which the river no longer flows. The Charwell River flows due south from the Seaward Kaikoura
Range and then turns to the southwest, cutting across and exposing the stratigraphic record
contained in its ancestral valleys, which have been tectonically translocated as much as 3-4 km.
This tectonic setting is ideal for geomorphic, stratigraphic, pedogenic, paleoclimatic, neotectonic,
and paleobotanical studies of the past 100 ka because separate chapters in the history of the river
have been set aside and largely preserved as former river valleys.

RESULTS
Climatically-Controlled Deposition of Late Quaternary Alluvium

Times of full-glacial climatic conditions were characterized by backfilling of valleys and
local deposition of alluvial fans downstream from the range-bounding Hope fault. About 20-50 m
of aggradation occurred along the Charwell River. Times of aggradation and degradation reflect
global climatic changes (Bull, 1990, Chapter 5) that locally caused large variations in rates of
bedload and water yield from hillslopes. Such climate-change induced increases in bedload
transport rate resulted in distinctive episodes of deposition of fluvial gravels. From oldest to
youngest, these are named Quail Downs, Dillondale, Flax Hills, Stone Jug, and Dog Hills
aggradation events. Their deposition is summarized below with an emphasis on the Flax Hills and
Stone Jug aggradation events.

Two stages of Flax Hills aggradation were preceded by extensive strath beveling as the
valley floor was widened by lateral erosion into soft bedrock. Aggradation began with 2 m of
alternating sand and gravel. Peaty silt and fine-grained sand beds with fossil reeds and leaves are
common. Transported fossil wood is common in silt, sand, and gravel, and locally fossil tree
trunks in growth position are encased by sequences of 2-20 mm thick beds. Each bed typically
grades upward from sand to silt to clayey or peaty silt, but some beds have reversed particle-size
grading. Each graded bed appears to be a low-energy slackwater deposit that records a flood event
on a forested flood plain. The second stage comprises the overlying aggradation facies and
consists of 35-50 m of massive silty water-laid gravels, with indistinct beds that are 20-100 cm
thick. Rare pieces of transported carbonized wood occur in the lower half of the massive facies of
braided-stream deposits. Silty sand lenses are not common but they occur at any position in the
...aggradation gravels,

Stone Jug aggradation was preceded by less extensive strath beveling than before the Flax
Hills aggradation event. Stone Jug aggradation began abruptly with deposition of 15-30 m of
thick, poorly bedded yellowish-brown water-laid silty gravels on underlying straths or surfaces cut
into Flax Hills gravels. This uniform oxidized, massive lithology is the only depositional facies.

Dog Hills aggradation is defined as diachronous, small alluvial fans, and valley fills that
were deposited on bedrock or older alluvium immediately downstream from the range-bounding
Hope fault. Brief episodes of aggradation characterize the small watersheds draining the crush
zone of the Hope fault. The typical section consists of oxidized interbedded water-laid and debris-
flow deposits; depositional hiatuses include incipient buried soil profiles, cut-and-fill structures,
and possibly abrupt transitions to either water-laid or debris-flow modes of deposition.

Radiocarbon Dating of Late Quaternary Deposits and Terraces

The Charwell River study area provides a most valuable opportunity to use several types of
age control to learn more about active tectonics and about geomorphic responses to late Quaternary
climatic changes. Samples for radiocarbon are mainly from the lower stage of Flax Hills deposits
(49 to 43 ka) and from the Dog Hills alluvium. Apparently full glacial climates during the later half
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of Flax Hills time (38 to 31 ka) and during Stone Jug time (26 to 14 ka) were too cold, dry, and
windy to allow trees to grow. Samples collected immediately above strath surfaces will help
constrain the times of strath formation. Some strath surfaces may be regarded as time lines that
pass through a tectonically deforming landscape (Bull, 1990, 1991). Radiocarbon ages less than
20 ka can be valuable for calibration of weathering rinds on surficial greywacke cobbles
(Whitehouse and others, 1986; Knuepfer, 1988).

The table appended to this report summarizes the results of the radiocarbon dating for the
stratigraphic units noted above. The next dating methodology to be employed is
thermoluminescence dating of 15 samples selected from a suite of 63 samples collected from the
ghanvell River study area. The dating will be done by Steve Forman of the University of

olorado.
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(415) 284-5789

Recent moderate-to-large earthquakes in the southwestern and southern San Joaquin Valley
(Coalinga, 1983, M, 5.5; Arvin-Tehachapi, 1952, M; 7.3) and the Los Angeles Basin
(Whittier Narrows, 1987, M, 5.9) have focused attention on the presence of previously
unidentified active thrust faults that are postulated to underlie areas of late Quaternary fold
deformation. Analyses of focal mechanisms and distributions of aftershocks indicate that
these earthquakes occurred at mid-to-lower crustal depths (6 to 12 km) (Eaton, 1985;
Hauksson and Jones, 1989). General spatial coincidence of the earthquake epicenters with
anticlinal fold axes (Coalinga earthquake with Anticline Ridge; Avenal earthquake with
Kettleman Hills; Arvin-Tehachapi earthquake with Wheeler Ridge; and Whittier Narrows
earthquake with Elysian Park Anticline) and geodetic data that document coseismic fold
growth (Stein, 1985; Lin and Stein, 1989) suggest a genetic association between these active
thrust faults and shallow-crustal anticlinal fold growth.

Two primary concerns associated with blind faults are our ability (or inability) to : 1) identify
the presence of these faults beneath surface folds and to evaluate whether or not they are
active; and 2) characterize the behavior of these faults as seismic sources (e.g., maximum
magnitude, recurrence, etc.). Conventional geomorphic, paleoseismic, and geodetic
techniques and criteria, which are aimed at identifying and characterizing active surface faults
(e.g., geologic mapping, trenching, geomorphic analyses), may not lead to the recognition of
these blind earthquake sources. Geologists in private industry and with state and federal
agencies are confronted with the task of evaluating seismic hazards in areas of potential blind
seismogenic sources without the benefit of industry standards, regulatory criteria, or
conventional methodologies for characterizing these sources.
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OBJECTIVES

The goal of this study is to conduct a detailed Quaternary geological evaluation in the
immediate vicinity of the epicentral region of the 1987 M 5.9 Whittier Narrows Earthquake
in order to detect tectonic deformation associated with blind thrust faults by characterizing
Quaternary surface deformation. Geodetic observations indicate that coseismic uplift of the
anticline occurred during and/or immediately following the 1987 Whittier Narrows
earthquake (Lin and Stein, 1989). Quantification of the Quaternary physical and behavioral
characteristics of this anticline, therefore, will provide data necessary to assess the kinematic
and geometric relationship of the fold to the underlying fault and to assess the Quaternary
rate of activity on this fault.

This project is divided into two phases: 1) initial investigations (1989) were designed to
develop a Quaternary stratigraphy for the Whittier Narrows region from which to evaluate
Quaternary deformation; and 2) the collection of soils and age data for determination of rates
of deformation. The goal of our current study is to gather soils data, date surficial deposits,
and integrate the Quaternary deformational data into predictive kinematic models of surface
deformation derived from carefully constructed and controlled, balanced retrodeformable
cross sections in the study area.

PRELIMINARY RESULTS

Our 1989 investigations involved Quaternary mapping from early and recent aerial
photographs (including the 1928 Fairchild Collection), and morphometric analyses of
landscape elements from modern and turn of the century topographic maps (to provide
information on the study region prior to widespread urbanization in the Los Angeles area) and
from field data. Field studies were conducted in order to: confirm mapping from aerial
photographs; obtain additional information on Quaternary and bedrock deposits and
structures; provide a basis for morphometric analyses; and identify locations for future soil
studies. The field studies confirmed the existence of fluvial terraces (Q1 oldest, Q5
youngest) preserved in major wind gaps cut through the 250+ m-high hills associated with
the Elysian Park Anticline. A southwest-trending gravel body >50 m thick cuts through the
windgap between the Montebello Hills and Monterey Park Hills. We interpret this to indicate
a pre-late Pleistocene phase of cutting and filling by an ancestral San Gabriel River.

A variety of morphometric techniques were used to evaluate the tectonic geomorphology of
the study area. These included: construction of generalized topographic maps to depict
regional slope; construction of subenvelope, envelope, and residual maps to quantify areas of
maximum relief; analysis of drainage net maps and drainage basin asymmetry to detect
tectonic tilting; construction of longitudinal profiles of streams and terraces; and analysis of
the morphology and morphometry of streams.

The field investigations, air photo interpretation, and morphometric analyses define at least
two en echelon Quaternary anticlines in the region, one centered beneath the Monterey Park
Hills and one below the Montebello Hills (Fig. 1). The anticlines appear to be asymmetric
with steep, linear south flanks and more gentle, deeply dissected northern flanks. The
Montebello Hills anticline is about 7 km long and 1.5 km wide; the Monterey Park anticline
is about 11 km long and 3 km wide. Late Cenozoic uplift occurs within the Montebello Hills
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(Montebello Hills). Adapted from Lin and Stein (1989).
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several km west of the point of maximum coseismic uplift of the 1987 Whittier Narrows
earthquake and west of the surface projection of the fault plane associated with the 1987
event as reported by Lin and Stein (1989) (Fig. 2). The residual maps suggest that maximum
uplift has been at least 80 m during an, as yet, undefined period of Quaternary time. Very
preliminary uplift rates, based on correlation of soil development of the Quaternary units with
existing soils-based chronologies in the Los Angeles Basin region are <0.15 mm/yr (long
term). Long term uplift rates also indicate spatial variation with the greatest rates in the
Monterey Park Hills and decreasing to the west and east (Fig. 3).

Variation in the amount of uplift along the hills and the apparent right en echelon step in the
anticlinal axis and front of the Monterey Park-Montebello Hills may reflect possible
segmentation of the underlying thrust fault. North-trending lineaments are evident on the
residual maps and aerial photography and may represent the surface expression of one or
more tear faults that segment the underlying thrust fault.

Two, somewhat anomalous escarpments are found north and south of the Monterey Park-
Montebello Hills area (Fig. 1). The escarpment south of City Terrace is 20 to 25 m high and
is associated with anomalous drainage development on the upper side of the escarpment. The
escarpment north of Montebello Hills ranges in height from 20 m on the south to <2 m in
the north. This linear feature cuts across interfluves and is not related to stream incision
from ancestral channels of the Rio Hondo or other rivers in the region. The escarpment is
aligned along trend with the largest aftershock of the 1987 Whittier Narrows earthquake, a
northwest-trending, high-angle southwest dipping strike-slip fault. We postulate that the
escarpment may be the surface expression of a strike-slip fault, possibly a northwestern
continuation of the Whittier fault system, or a lateral tear fault in the underlying blind thrust
fault that produced the 1987 event. Placed in context of the regional tectonic framework, the
Monterey Park Hills and Montebello Hills may represent restraining bend folds related to a
left step in the right lateral Elsinore-Whittier Fault Zone near the intersection with the Santa
Monica-Raymond Fault Zones.

Due to the late starting date (August 1, 1990) of the most recent phase of the project, little
additional work is completed. Preliminary field investigations indicate that it will be possible
to correlate soils in the study area with established soil chronosequences in the region
(McFadden, 1982; Rockwell, 1983). Where surface exposures are available, basic soil
characteristics observed are: Unit Q1 soils have a partially preserved profile with at least a
2.5 YR Bt horizon; Unit Q2 soils have 2.5 YR Bt horizons with strong subangular blocky
structure and thick, continuous clay films; Unit Q3 soils have 5 YR Bt horizons, with strong
subangular blocky structure, and moderately thick to thick continuous clay films; Unit Q4
soils have 7.5 YR Bt horizons; and Unit Q5 soils are minimally developed with an A-Cox
profile. We are seeking permission to trench on selected sites that will provide us with the
opportunity to obtain complete, detailed soils data for each Quaternary unit. Samples for
numerical dating will be collected from trenches; horse bones from the Q3 deposit will soon
be dated. Preliminary rates of deformation and spatial patterns of deformation are currently
being incorporated into balanced retrodeformable geologic cross sections across the Monterey
Park Hills and Montebello Hills. These sections will aid the development of predictive,
spatial and temporal kinematic models for the progressive surface deformation associated with
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fault bend and fault propagation folding that accompanies active, blind thrust faulting.
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Investigations

1.

4.

Recently active traces of Calaveras fault zone at Tres Pinos Creek and San
Felipe Creek, California (K.J. [Kendrick) Harms, J.W. Harden, M.M. Clark).

Recently active traces of Owens Valley fault zone, California (Sarah Bean-
Tand [NZGS], Clark).

Degradation of fluvial terrace risers along Lone Pine Creek, San Bernar-
dino County. (Harms, in conjunction with J.B.J. Harrison, L.D. McFadden
(UNM), and R.J. Weldon [University of Oregon]).

Revision of slip-rate table and map of late-Quaternary faults of Cali-
fornia (Clark, Kendrick, J.J. Lienkaemper, K.R. Lajoie, C. Prentice, M.d.
Rymer, D.P. Schwartz, R.V. Sharp, J.D. Sims, J.C. Tinsley, R.J. Weldon).

Late-Quaternary evolution of the San Timoteo Badlands region, southern
California (Kendrick, in conjunction with D.M. Morton and L.D. McFadden).

Results

We are in the process of revising, updating, and publishing (as a USGS
Bulletin) the slip-rate table and map of late-Quaternary faults of Cali-
fornia (USGS OFR 84-106). Our aim is to review all entries in OFR 84-106
and add all new data generated since its release. We welcome any relevant
unpublished data from workers in this field. '

A minimum of three surfaces have been recognized through the mapping of
the Quaternary units in San Timoteo and Reche Canyons, San Bernardino and
Riverside Counties. In San Timoteo Canyon nine soils have been described
on three surfaces and two associated paleosurfaces. An additional soil
has been described in Reche Canyon. Preliminary analysis indicates that
development of these soils is similar to that of soils in Cajon Canyon, 40
km to the northwest, although eolian input is less than in the San Timoteo
area.

Rerrts

None in this reporting period.
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Investigation of coastal neotectonics and paleoseismicity of the southern
Cascadia margin as recorded in coastal marsh systems

Agreement No. 14-08-0001-G1799

Mark Darienzo and Curt Peterson
Department of Geology
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(503)-725-3022

Wetlands in four northern Oregon estuaries (Neawanna Creek (46°),
Nestucca Bay (45.2°), Siletz Bay (44.9°) and Yaquina Bay (44.6°)) were
investigated for evidence of coseismically buried peats, both in cores and
cutbanks (figure 1). These wetlands are gaps in the paleoseismological
record of the northern Oregon coast north of 44° latitude. Findings from
this study, when combined with prior work in Netarts Bay (45.4%) and Alsea
Bay (44.4°) (Darienzo and Peterson, 1990; Peterson and Darienzo, 1990) and
in Nehalem Bay (45.7°) and Salmon River (45.0°) (Grant and McLaren, 1987,
Grant, 1989), should provide a unifying paleoseismological document for the
northern Oregon coast.

Preliminary results from selected cores of three of these bays are as
follows: A) The subsurface of the Necanicum/Neawanna Creek marshes
contain at least six buried peats to a depth of three meters (figures 2 and
3). Associated with one of the buried peats, approximately one meter below
the surface, are in situ tree roots protruding from the cutbanks nearby.
Protruding roots can be seen for several hundred meters along the creek.
Sand caps a few of the buried peats, especially in cutbanks and at those core
sites near the creek, and in one location, sand drapes a tree root. B) Cores
from Nestucca Bay (figures 4 and S (top 6 meters)), in contrast, contain at
least ten buried peats to a depth of eight meters at core sites2and 3. In
addition, several buried peats were identified between 8 and 13 meters
depth at core site 2, providing the Tongest record of peat burial on the
Oregon coast. At a depth of approximately 2.25 meters in core 2, there is an
abrupt transition between a muddy peat containing freshwater diatoms and
overlying 7r7g/ochinrhizomes, frequently a tidal flat colonizer. This
suggests rapid submergence and a change of environment from a very high
marsh to a tidal flat. C) Siletz Bay (figures 6 and 7) cores contain up to six
burial events to a depth of four meters. The buried peats of the spit have
thick sand capping layers. Sand also caps buried peats at similar depths
below the surface in cores E and F, almost 3 kilometers from the spit.
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Further work, which includes radiocarbon dating of the burial events
and laboratory analyses of core samples, is required to answer the
following questions. Are the buried peats a result of coseismic subsidence?
If coseismic, are the burial events in the marshes of northern Oregon
synchronous? Finally, if synchronous, what are the magnitudes of these
paleoearthquakes?
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