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Southern California Seismic Arrays
Contract No. 14-08-0001-21854

Clarence R. Allen
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6904)

Investigations

This semi~annual Technical Report Summary covers the six-month period
from 1 April 1985 to 30 September 1985. The contract's purpose is the partial
support of the joint USGS-Caltech Southern California Seismographic Network,
which is also supported by other groups, as well as by direct USGS funding of
its own employees at Caltech. According to the contract, the primary visible
product will be a joint Caltech-USGS catalog of earthquakes in the southern
California region; quarterly epicenter maps and preliminary catalogs are also
required and have been submitted as due during the contract period. About 250
preliminary catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were
located during the six-month reporting period. Some of the seismic highlights
during this period were:

Number of earthquakes processed: 6590

Number of earthquakes of M = 3.0 and greater: 166

Number of earthquakes of M = 4.0 and greater: 20

Largest event within network area: M = 4.6 (22 August, near China Lake)
Largest nearby shock: M = 6.0 (4 August, near Coalinga)

Smallest reported felt earthquake: M = 1.4 (16 September, San Diego)

The most interesting earthquake sequences during the reporting period
were: (1) the Coalinga sequence in early August, which extended the earlier
activity somewhat farther southeast; (2) the mid-August swarm near China Lake,
continuing long-lasting swarm activity there; and (3) the mid-June series of
widely felt shocks centered just south of downtown San Diego (Fig. 2). The
largest of these San Diego events are now assigned magnitudes of 3.9, 4.0, and
3.9; they led to California's first "earthquake alert,'" owing to the judged
possibility that they might be followed by still larger events in the same
area. Although this was a somewhat "new' location for seismic activity, a
glance at Figure 1 shows that other seismic activity during the period was
fairly typical of that of the past few years.

A significant improvement in data-analysis capabilities of the joint
network took place during the reporting period with the replacement of the
aging PDP 11/70 computer with a new VAX 750 system. This system is used in
off-line data processing, and the new VAX computer should not only make
routine analysis more efficient, but, importantly, will also allow much easier
access to array data by research users. Appropriate software for the new
computer system is currently under active development.
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Figure 2.--Epicenters near San Diego during June 1985. Data are preliminary,
and locations may be biased.



REGIONAL SEISMIC MONITORING ALONG THE WASATCH FRONT URBAN
CORRIDOR AND ADJACENT INTERMOUNTAIN SEISMIC BELT

14-08-0001-21857

W. J. ARABASZ, R.B. SMITH, and J.C. PECHMANN
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801)581-6274

Investigations

This contract supports “network operations" (including a computerized
central recording laboratory) associated with the University of Utah 80-
station regional seismic telemetry network. USGS support focuses on the
seismically hazardous Wasatch Front urban corridor of north-central Utah
but also encompasses neighboring areas of the Intermountain seismic belt
(ISB). The University of Utah maintains de facto responsibility for earth-
quake surveillance, including emergency response and direct public inter-
face, for an 800-km-long segment of the ISB between Yellowstone Park and
southernmost Utah. The State of Utah, the U.S. Bureau of Reclamation, the
National Park Service and the U.S. Geological Survey (Geothermal Research
Program) also contributed support to operation of the University of Utah
network during the report period.

Primary products of this USGS contract are quarterly earthquake cata-
logs and a semi-annual data submission, in magnetic-tape form, to the USGS
Data Archive,

Results

Figure 1 shows the epicenters of 221 earthquakes (M g 3.2) located in
part of tge Ungversity of Utgh studyoarea designated the “Utah region"
(lat. 36.75°-42.5 N, long. 108.75 -114.25 W) during the six-month period
April 1 to September 30, 1985. The seismicity includes three shocks of
M3.0 or greater and two felt earthquakes. Spatial clustering in Figure 1
relates, in part, to three swarms (M< 2.6) at the northern end and to the
north of the Great Salt Lake, and to mining-related earthquakes in the
vicinity of active underground coal mining near Price in east-central Utah,

North of the Utah region, four felt earthquakes of M4.1 to M4.6
(together with numerous smaller earthquakes) occugred betwsen August 21 and
September 7, 1985, in a small source region (43.2°N, 110.9°W) 30 km south
of Jackson, Wyoming, near Palisades Reservoir. Figure 2 (from Richins and
Arabasz, 1985) indicates that the source region does not simply coincide
with a zone of major active faulting, but does lie within a belt of diffuse
“background seismicity trending northeastward through the SE Idaho-western
Wyoming region. The epicenter map shown in Figure 2 represents an unpub-
lished compilation available from the University of Utah and reported by
Richins and Arabasz (1985). The catalog is for the nine-year period 1976 to

4
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1984 and includes approximately 2,200 earthquakes (M< 4.7). It should be
noted that the catalog reflects major efforts to collect seismographic data
from diverse sources in the region, and to discriminate frequent surface
blasting at large phosphate mines in SE Idaho. The NEIS/NGDC data file for
the same area and time period consists of 80 earthquakes.

Reports and Publications

Pechmann, J.C., Utah earthquake activity January through March 1985, Wasatch
Front Forum, v. 1, no. 4, 1, 1985.

Pechmann, J.C., Utah earthquake activity April through June 1985, Wasatch
Front Forum, v. 2, no. 1, 6, 1985,

Pechmann, J.C., W.D. Richins, and W.J. Arabasz, Utah Earthquakes, 1983, sub-
mitted for inclusion in U.S. Earthquakes, 1983.

Richins, W.D., and W.J. Arabasz, Seismicity of southeastern Idaho based on
seismic monitoring using regional and temporary local networks, Geol.
Soc. Am., Abstracts with Programs, 17, 261, 1985.
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Seismological Data Processing
9980-038354

Barbara Bekins and Thomas Jackson

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

Investigations

Computer data processing is now an integral part of seismological research. The
purpose of this project is to provide a simple, powerful, computer data processing sys-
tem to meet the needs of scientists in the earthquake prediction program and monitor
earthquakes in northern California. This goal includes maintaining the ability to
transfer data and programs over a network and the ability to share data and programs
with USGS external contractors.

Results

The PDP11-70 UNIX system has continued to operate smoothly, and performs a
large amount of computing for program projects. Some current statistics:

168 registered users
464730 1024-byte disk storage blocks used
75 login sessions per weekday

An Integrated Solutions Optimum System has been ordered to replace the
PDP11-70. This is a so-called super micro system based on the Motorola 68020
micro-processor. The system has 24 terminal ports, a fast graphics subsystem, an
SMD disk controller, a nine track 6250-1600 bpi tape drive, an ethernet controller, the
68881 floating point coprocessor, two million bytes of memory and a 16 bit parallel
input device. It runs the 4.2BSD UNIX system and with demand paged virtual
memory. Delivery of this system is expected in late October, 1985.

The Seismology Branch Vax 11/750 is now running under VMS version 4.2.
Development is proceeding on combining data from the real time Ppicker, the CUSP
system, and Calnet group processing into one unified database. These data will be
accessed through the CUSP database system. In addition there are plans to bring up
the SAC system written at Lawrence Livermore Labs. This system provides interac-
tive analysis of seismic waveforms.

Work is proceeding on plans to replace the current system for digitizing of
selected earthquakes recorded on FM tapes. This digitizing is presently performed on
Data General Eclipse systems. Plans call for an IBM PC/XT for positioning the tape
and a Tustin digitizer to digitize the data. These data will then be sent to the Vax
750 for storage and analysis using the CUSP system.

This project also handles one third of the support for the office Vax 780 opera-
tion. This support consisted of weekly and monthly disk backups to tape, authorizing
new users, redistributing Seismology branch disk quotas, assisting users, and occasional
miscellaneous activities related to computer operations and system management.

In the next few months all existing and terminal to computer connections by
branch computer users will be changed over to the new Rolm PABX system. This will
allow users to access several different computers at 9600 baud, or dial computers offsite
from a terminal connection though their phone.



SEISMIC SOURCE MECHANISM STUDIES
IN THE ANZA-COYOTE SEISMIC GAP

14-08-0001-21893

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

Investigations:

This report covers the progress of the research investigating the Anza—Coyote Canyon
seismic gap for the period of the first half of 1985. The objectives of this research are: 1) to
study the mechanisms and seismic characteristics of small and moderate earthquakes, and
2) to determine if there are premonitory changes in seismic observables preceeding small
and moderate earthquakes. This work is carried out in cooperation with Tom Hanks, Joe
Fletcher and Linda Haar of the U.S. Geological Survey, Menlo Park.

Network Status:

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

The winter and spring of 1985 was relatively mild and did not impact the operation of
the Anza Seismic Network. The thermal dependence of the remote radio transmitters has
been eliminated so that future seasonal frequency adjustments of each station will not be
necessary. There were no changes or modifications made to the data acquisition systems.

Seismicity :

In the six months of winter and spring, the Anza network recorded over 60 events
which were large enough to locate and determine source parameters. These events had
moments ranging from 5.5 x 1018 to 6.4 x 10%° dyne-cm, and stress drops ranging from
about 1 to 100 bars (Brune model). The seismicity pattern seems unchanged from what
has been observed before (Figure 1). The seismicity does not appear to be associated with
the main trace of the San Jacinto fault on the north-west end of the array. These events
in this area tend to be between the Hot Springs fault at depths of 12 to 19 km. The events
on the south-east end of the array near the trifurcation of the San Jacinto fault also do
not have any obvious associations with the identified fault traces. These earthquakes are
occurring at depths between 8 and 12 km. The shallowest events are still occurring in the
Cahuilla area.



Coherence Studies :

We installed an array of 9 portable digitizers to investigate the spatial coherence of
seismic waves from local earthquakes. The stations are installed in a pattern of nested
triangles with radii of 30 meters, 100 meters, and 300 meters. These portable recorders
are all operated off of one master clock signal to give a common time base and to eliminate
the relative drift between each recorder. We recorded 10 events during the period of this
report on 5 or more recorders simultaneously. These events range in hypocentral distance
from 16 to 60 kilometers. The programs needed to analyze this data were also being
developed during this period of time. We will be calculating coherences and frequency-
wavenumber diagrams for this data set, as well as examining the local variations of seismic

source estimates.

10
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Central Aleutian Islands Seismic Network

Contract No. 14-08-0001-21896

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

(303) 492-8028

Brief Description of Instrumentation and Data Reduction Methods

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

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

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

Data Annotations

Earthquake locations are complete through June 1985. Our normal lag
time for hypocenter locations is six-to-eight weeks, dependent on the postal
service from Adak. The last major field trip to service the network was in
July and August, 1984. Because of logistic problems, the westernmost station
could not be reached at that time, and we were also unable to make needed
return trips to two other far-west stations. Of the 28 short-period vertical
and horizontal components, 20 were operating for the period of January
through June, 1985. (A minor field trip in August, 1985, recovered one of the
"down" components.)

12
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Current Observations

277 earthquakes were located with data from the network during the
six-month time period from January through June, 1985. Epicenters of these
events are shown in Figure 1 and a vertical cross-section is given in Figure 2.
Seven of the events located within the past six months were large enough to
be located teleseismically (USGS PDEs), although one of the seven was not
assigned a value of body-wave magnitude by the USGS and therefore does
not show up as a square in Figures 1 and 2. Two events had m;, greater than
or equal to 5.0, including an m, 5.8 earthquake on May 24, seen at
178.271° W in Figure 1.

More detailed information about the network status and a catalog of the
hypocenters determined for the time period reported here are included in our
semi-annual data report to the U.S.G.S. Recent research using these data is
reported in the Technical Summary for U.S.G.S. Grant No. 14-08-001-G881
in this volume.

13
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Figure 1: Map of seismicity which occurred from January 1 through June
30, 1985. All epicenters were determined from Adak network data. Events
marked with squares are those for which a teleseismic body-wave magnitude
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which indicate the duration magnitude determined from Adak network data.
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Figure 2: Vertical cross section of seismicity which occurred from January 1
through June 30, 1985. Events are projected according to their depth
(corresponding roughly to vertical on the plot) and distance from the pole of
the Aleutian volcanic line. The zero-point for the distance scale marked on
the roughly-horizontal axis of the plot is arbitrary. Events marked with
squares are those for which a teleseismic body-wave magnitude has been
determined by the USGS; all other events are shown by symbols which indi-
cate the duration magnitude determined from Adak network data. The irreg-
ular curve near the top of the section is bathymetry. Earthquakes deeper
than about 100 km depth are mislocated too far south (left) as an effect of
the slab on their ray paths to the local stations.

15



I-1

WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
Contract 14-08-0001-21887

E.J. Corbett, W.F. Nicks, and U.R. Vetter
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4975

Investigations

This program supports continued operation of a seismographic network in
the western Great Basin of Nevada and eastern California, with the purpose of
recording and location of earthquakes occurring in the western Great Basin, and
acquiring a data base of phase times and analog and digital seismograms from
these earthquakes. These data are used for research on: (1) ongoing seismicity
in the western Great Basin with emphasis on the Long Valley caldera; (2) source
mechanisms studies of these earthquakes; (3) possible precursory seismicity
patterns in the White Mountains gap; (4) seismicity near reservoirs in the Lake
Tahoe region; and (5) evaluation of the contribution that high-quality digital
broad-band seismic stations can make to regional network-seismic studies.

Results

A. Seismic Network Operation

A number of changes have been made to our analog network. In May 1985,
our Battle Mountain station (BMN) was converted to a digital station. This freed
up one telemetry channel which allowed us to begin recording another phone
line from the USGS Mammoth network. The new stations being recorded on-line
are TUN, FBR, GRP, and MDP (3-comp) and are indicated on the figure. In late
September 1985, DOE in conjunction with USC, attempted to make a change in
instrumentation at DLH, the downhole seismometer in Long Valley caldera.
While attempting to raise the 3-component seismometer package, the cable
snapped and the instruments were lost. Consequently, UNR no longer records
this station.

In summary, the University of Nevada is now operating 56 short-period ana-
log seismographic stations, four of which are multi-component. In addition we
are recording signals from 15 USGS stations, 2 U.C. Berkeley stations, and 1
from the California Division of Water Resources. All 74 of these stations are
being recorded on analog magnetic tape at Reno as well as digitally by our on-
line system.

In addition to the analog stations, the University of Nevada operates 3
remote digital seismographic stations. The digital stations provide broad-band
(0.05-30 Hz), widc dynamic-rangc (96 dB) digitization of signals from a 3-
component set of seismometers, and telemeter the data to the Reno facility
where it is continuously recorded. The data is currently being recorded at 25
samples per second, but we are in the process of upgrading the system to 50
sps. In addition, the vertical componcnts of thesc stations arce also bceing
recorded on our on-line recording system. In May 1985, the station at Bodie was
moved to Battle Mountain, so that the three stations are now operating in mine
tunnels at Mina, Battle Mountain, and Washoe Lake {MNA, BMN, and WCN). An
additional station planncd for the Las Vegas arca has been delayed due the fact
that the most desirable site is in a Bighorn sheep wilderness area, which

16



requires an involved permitting process. Instead, we have begun construction of
the fourth site at a location in northwestern Nevada {Donnelly Peak).

We are in the process of acquiring a microwave system to replace some of
our major VHF radio links. Although the initial investment is substantial, the
savings in telephone line costs will offset the expense in about 2 years. The prin-
cipal advantages of the microwave system are increased reliability, especially
during the winter months, less susceptibility to nearby lightning ground strikes,
reduced radio interference, and a substantial increase in the number of signals
we can transmit. The project has continued on schedule, with construction of
our Slide Mountain microwave site nearing completion. As of mid-October the
blockhouse has been completed, wired for power, the tower erected, and the
transmission dish has been hung. What remains is the installation of the elec-
tronics on Slide Mountain and the receiver site on campus.

B. On-line System

A computer-based earthquake recording system has been operating suc-
cessfully since May 1984. It provides on-line event detection and digitization of
the analog seismic signals transmitted to the Reno data facility. This system
facilitates analysis of large numbers of earthquakes and will allow waveform
analysis of the network data. The triggering algorithm has been tuned
sufficiently so that false triggers are now reduced to about 10%. We are still
plagued by noise triggers during lightning storms, due to our dependence on
VHF radio telemetry, but we expect this problem to be alleviated by the installa-
tion of the microwave system. We are currently recording 84 seismic signals
and 4 time signals on the 96-channel on-line system. For the period May 11,
1984 to September 30, 1985, we have recorded and archived digital seismograms
for 8,150 seismic events. Of this number 4,491 (55%) are local earthquakes that
we have located and cataloged. The remainder of the data are teleseisms,
rcgional events, nuclear tests, and local events of less than 10 seconds duration,
(roughly magnitude < 1.5 M), for which we save the traces but do not time the
arrivals.

C. Data Analysis

Our earthquake data have been timed and located through September 30,
1985. This is with the exception of some data gaps that exist between November
23 and December 31, 1984. These gaps resulted from our analysis staff being
swamped by the large number of aftershocks following the magnitude 8 earth-
quake at Round Valley, and are being filled as time permits. Since the beginning
of the contract period on November 1, 1984, the University of Nevada Seismolog-
ical Laboratory registered 2,413 earthquakes. Of these events:

930 were magnitude 2 or greater;
109 were magnitude 3 or greater;
15 were magnitude 4 or greater;
3 were magnitude 5 or greater;

1 was magnitude 6 or greater.

*As Lhe figure shows, most of the activity since May has been continuing aft-
ershocks of the November 23, 1984 Round Valley earthquake. In addition, a high
level of seismic activity continues in the mountain block south of the Long Valley
Caldera.
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Regional Seismic Monitoring in Western Washington
14-08-0001-21861

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

Investigations

Operation of the western Washington regional seismograph network and routine preliminary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly
catalogs of seismic activity in Washington and Northern Oregon are available for 1984 and for the
first two quarters of 1985, and are funded jointly by this contract and others. The time period
covered by this summary is the six months from April 1, 1985 through September 30, 1985. Data
are provided for USGS contract 14-08-0001-22007 as well as for other research programs. Net-
work calibration and data assembly efforts are closely related to and overlap objectives under con-
tract 22007, also summarized in this volume. Publications are listed in the 22007 summary.

Results

Network operation for stations in western Washington continued normally. No unusual
regional earthquake activity was recorded. In late May and early June Mount St. Helens
underwent a non-explosive eruptive phase accompanied by energetic seismicity. A new station
(PGW]) sited on the Kitsap Peninsula near Port Gamble began operation on April 12, 1985. This
station, along with station MEW on McNeil Island, provide improved coverage of the central
Puget Sound Basin. Station RPW in the Skagit Valley, lost in 1982, was reinstalled and began
operation in September. An additional station in this region is being planned. A temporary sta-
tion in the same area, BLS, was discontinued due to noise problems.

Since early 1982, some stations in the telemetered network have been calibrated so that
recovery of absolute ground motion is possible. Figure 1 shows sites at which calibrated equip-
ment is currently operating. Additional calibrated equipment will gradually be installed at
selected stations as part of our program to upgrade data quality and increase operational reliabil-
ity.

Equipment at each calibrated station consists of a Geotech S-13 seismometer and a
Morrissey-Interface Technology amplifier/VCO package. Standard damping is 0.70 critical. Most
calibrated stations use a Morrissey-Interface Technology discriminator, but some use Emtel
discriminators which have similar response characteristics. The complete systems should all have
similarly-shaped response curves differing only in absolute gain level. Figure 2 shows an approxi-
mate response curve for the whole system (with a l-second seismometer free period) as recorded
on the digital system at the University of Washington.
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Figure 2. Approximate relative amplitude magnification curve for complete calibrated short-
period system into online computer.

Figure 1. Calibrated stations currently in operation. Station DIG is a three component station.
Other stations consist of one vertical S-13 seismometer, a *SLU” type VCO and use Emtel or
Morrissey-Interface Technology discriminators.
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Central California Network Operations
9930-01891

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

Investigations

Maintenance and recording of 329 seismograph stations (391 components)
located in Northern and Central California. Also recording 72 components
from other agencies. The area covered is from the Oregon border south to
Santa Maria.

Results

1. Modified eighteen (18) J302M VCO/AMP. The improved version was designed
to exhibit a temperature coefficient of less than 50 PPM/degree
centigrade. (This is equivalent to 2Hz per 1000 Hz/40 degree centigrade).

2. Fremont Peak to Mission Peak - Installed a second 6' parabolic microwave
antenna at Mission Peak for space diversity to alleviate fade problem.

3. Williams Hill to Fremont Peak — Installed a second 10' parabolic microwave
antenna at Fremont Peak for space diversity to alleviate fade problem.

4, KAR to Hog Canyon - Installed a second 6' parabolic antenna at Hog Canyon
to receive microwave signals from KAR.

5. 1Installed a 10' parabolic antenna at 60' level on an existing tower at
Edwards AFB,

6. Constructed the footing and erected a 40' tower; mounted a 10' and 6'
parabolic antenna at Strawberry Peak, Rim National Forest, San Bernadino,
California. Tower and antennas are part of the Edward AFB-Strawberry Peak
- Santigo Peak portion of the Southern California microwave system.

7. Currently, the Northern and Central California seismic network microwave
system is carrying 31 phone lines (this equates to 240 signal channels).
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Telemetry Networks

A number of modifications have been made to the Central California Seismic
Network telemetry system to reduce telemetry costs. Approximately 200
stations are being carried on the microwave network. This network has been
installed between Mount Tamalpias and San Luis Obispo with a branch to
Parkfield and Menlo Park being the receiving point. At the present time
additions are being made which will allow the system to be used in a full
duplex mode.
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ALASKA SEISMIC STUDIES
9930-01162

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

Investigations

1)Continued collection and analysis of data from the high-gain, short-period
seismic network extending across southern Alaska from Juneau to Cook Inlet and
inland across the Chugach mountains. Due to funding constraints, seismographs
at fifteen sites, including all but two east of Icy Bay, were closed down
during the summer field season. Three new seismographs were installed in the
vicinity of Knight Island in western Prince William Sound to investigate the
nature of a cluster of shallow seismicity that has persisted beneath the
island since at least 1972. We plan to operate the three stations for one or
two years and then move them to another special study area.

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

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

Results

1) During the past six months preliminary hypocenters were determined for 1691
earthquakes that occurred between February and July, 1985 (Figure 1).

Nineteen moderate-sized events with magnitudes ranging from 4.1 to 4.8 my
were located during this period. Thirteen of these larger events were located
within the Benioff-Wadati zone of the subducted Pacific plate beneath and west
of Cook Inlet; the others were located at shallower depths, including omne
along the Denali fault near the U.S.-Canadian border, two beneath Prince
William Sound, two offshore near the edge of the continental margin, and one
near Mt, Katmai on the Alaska Peninsula. In and around the Yakataga seismic
gap the pattern of shallow microearthquake activity (Figure 2) was similar to
that observed over the past several years, with concentrations of events
occurring beneath Waxell Ridge near the center of the gap, beneath the Copper
River Delta, and within the aftershock zone of the 1979 St Elias earthquake
north and east of Icy Bay. Nearly all of these events had coda-duration
magnitudes of 2.5 or less. Within the aftershock zone of the St. Elias
earthquake, the two largest events had coda-duration magnitudes of only 2.5
and 2.7. This is unusual compared to preceding six-month periods in which
several events of at least magnitude 3 occurred, but it may simply reflect a
continuing decrease in the rate of aftershock activity. Aftershocks from the
1983 Columbia Bay earthquake north of Prince William Sound and the 1984 Sutton
earthquake on the Castle Mountain fault form distinct clusters within the
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distribution of shallow events. The cluster of events located beneath the
northern tip of Knight Island reflects an emphasis placed on locating smaller
events in this area following the installation of three local seismographs in
July. Other features in the distribution of shallow seismicity, such as the
concentrations along the volcanic arc west of Cook Inlet, beneath the
Talkeetna Mountains north of the Castle Mountain fault, and along the Duke
River fault system, are similar those observed over the past several years.

2) Earthquakes located within the Benioff-Wadati zone beneath the Bradley lake
sub-array on the southen Kenal Peninsula were studied to investigate the
distribution of seismicity and orientation of stresses within the upper part
of the subducted plate. By considering only events located with a homogeneous
phase set, high-quality relative locations were obtained. The distribution of
hypocenters indicate that locally the seismic zone is about 20 to 25 km thick
with its upper surface at a depth of about 35 km. P-wave polarities for rays
leaving the source in an upward direction indicate that the orientations of
the principal stress axes change systematically with increasing depth within
the subducted plate. Although the nodal planes are not well constrained due
to a combination of poor coverage of the focal sphere and uncertainties in
emergence angles for rays traveling to more distant regional stations, the
patterns of P-wave polarities for upward-leaving rays are compatible with
downdip tension in the upper 12 km of the seismic zone in this area and
downdip compression deeper within the zonme.

3) Five ELOG (remote earthquake detection and logging instrument) systems were
deployed in seismically active areas within the Talkeetna mountains, including
the aftershock zone of the 1984 Sutton earthquake. Two units were installed
adjacent to a seismograph of the regional network to provide a basis for
checking the detection capabilities of the ELOG units. Data recovered from
two months of recording during the summer have not yet been analyzed to
identify possible earthquake triggers. Three of the units will remain in
operation during the winter.

A prototype of the analog telemetry interface (ATI) was tested successfully
for a short period in Alaska this summer. These units will be installed at
telephone exchanges where signals are multiplexed. The ATI incorporates many
new features, such as periodically sending test tones to verify correct phone
operation, sending information on the squelch status of radio receivers,
measuring signal level in db's with a built-in digital meter, and translating
one center frequency to another.

Reports

Lahr, J. C., Page, R. A., Stephens, C. D., and Fogleman, K. A., 1985, The 1984
Sutton, Alaska, earthquake: Evidence for activity on the Talkeetna segment
of the Castle Mountain fault system, (Director's approval, 09/85).

Page, R. A., 1985, Comment on "Earthquake frequency and prediction”, by Z.-R.
Liu, Bulletin of the Seismological Society of America, (submitted 06/85).
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Seismic Data Library
9930-01501

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

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

Recently, we received a few thousand magnetic tapes containing a complete
set of digital waveform data of the Global Digital Seismic Network. We plan
to make these valuable data available to the seismological community. The
extent of our service will depend on the available funding, which is yet to be
approved.

In conjunction with the Microearthquake Data Analysis Project
(9930-01173), we completed a general earthquake data management system called
"USGS Earthquake Archiving and Retrieval System”. A description of this
system was given in the previous Semi-Annual Report. During the last few
months, we documented archived data sets in the following two reports.

Reports

Messier, T. M., Oneill, M. E., and Lee, W. H. K., USGS Earthquake Data
Archiving and Retrieval System: Archived data sets in the General
Library--GL000001 to GL000200, USGS Open-File Report 85-436, 316 pp., 1985,

Tottingham, D. M., Newberry, J. T., and Lee, W. H. K., USGS Earthquake Data
Archiving and Retrieval System: Archived data sets in the Standardized
Library--SL000001 to SL000100, USGS Open-File Report, 85-397, 290 pp.,
1985.
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Northern and Central California Seismic Network Processing
9930-01160

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

Investigations

1.

1.

Signals from 454 stations of the multipurpose Northern and Central
California Seismic Network (Calnet) are telemetered continuously to the
central laboratory facility in Menlo Park. They are supplemented with
signals from up to 54 stations from other institutions. The data are
recorded, reduced, and analyzed to determine the origin times,
magnitudes, and hypocenters of the earthquakes that occur in or near the
network. Data on these events are presented in the forms of 1lists,
computer tape and mass data files, and maps to summarize the seismic
history of the region and to provide basic data for further research in
seismicity, earthquake hazards, and earthquake mechanics and prediction.
A magnetic tape library of "dubbed” unprocessed analog tape records of
the network for significant local earthquakes and teleseisms 1is
maintained to facilitate futher detailled studies of crust and upper
mantle structure and physical properties, and of the mechanics of
earthquake sources.

Results

Figure 1 shows the seismic activity of Northern and Central California
for the period April 1 through September 30, 1985. The 9481 earthquakes
plotted are all reliable locations using 4 or more phase readings in the
solution. The phase readings were obtained either by the Caltech-USGS
Seismic Processing System (CUSP), or by the automatic Real Time Picker
(RTP), or by hand timing, or they are a combination of these sources.
The data have been screened for blasts and those found have been
eliminated. Identification of quarries in the Sierra Nevada Foothills is
a constant problem so that all quarry data may not have yet been
eliminated from the catalog. We feel that the catalog of location data
maintained by Calnet is complete for earthquakes magnitude 1.5 and larger.

Currently all data are processed through the CUSP system and are
available from the CUSP data base, including the digitial seismograms.
Events that are detected on Develocorder films or by the RTP that are not
detected by CUSP are added to the data base as quickly as time permits.
This is being accomplished by digitizing the earthquakes from the analog
magnetic tapes on another computer. These digital data are then input
into the CUSP system and processed to completion using standard CUSP
timing and analysis techniques. Any events missed by CUSP and not
available for digitizing from the magnetic tapes are processed by hand
from Develocorder films and the final location and phase data are added
to the data base. These hand processed events are the only omes for
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which there are no digital seismograms in the data base. At the present
time less than 10 percent of the earthquakes located go undetected by
CUSP. For a more complete description of the CUSP system see the project
description "Consolidated Digital Recording and Analysis” by Sam W.
Stewart.

Personnel from the project are currently involved in all facets of the
processing of network data. Currently, however, the main focus of the
project is to finalize and publish old network data, scan seismograms for
back-up event detection, suppliment CUSP data with data that were
detected either visually or by the RTP, and assist in the loading of
pre—1985 network data into the CUSP data base.

Final processing of data for the first half of calendar year 1978 is
complete and those data are ready for publication. Work 1s currently
underway on the final processing of the 1982 data. It is expected that
data from the second half of 1982 will be published by the end of 1985.

On August 4, 1985 we recorded a magnitude 5.5 earthquake that occurred
approximately 20km east of Coalinga, California, along the northern end
of the Kettleman Hills. This earthquake was preceded by five foreshocks,
the largest of which was magnitude 4.5. In the two months following the
main shock we have located more than 380 aftershocks, the largest of
which occurred on August 5 and was magnitude 4.4. The aftershock zone
for this sequence is roughly coincident with the Kettleman Hills and
borders on the east, with little or no overlap, the Coalinga aftershock
zone, Table 1 contains the locations of all magnitude 4.0 and larger
earthquakes in this sequence.

Quarterly reports were prepared on seismic activity around Lake Shasta,
Warm Springs Dam, the Auburn Dam site and Melones Dam for the appropriate
funding agencies. Quarterly reports on seismic activity in the Mount
Shasta area and in Lassen Volcanic National Park were also prepared and
distributed to interested agencies and individuals.

5. Work is currently underway on a paper by Mari Kauffmann, Steve Walter,
and Rick Lester describing the seismicity in the Klamath Mountains-
southern Cascades - northern Sierra Nevada region of California for the
years 1977-1984. This paper should be completed in 1986

Reports

Walter, S. R., Intermediate - focus earthquakes associated with Gorda Plate

subduction in northern California, submitted to BSSA.

TABLE 1

MAGNITUDE 4.0 AND LARGER EARTHQUAKES IN THE
KETTLEMAN HILLS AREA - AUGUST 4-0CTOBER 9, 1985

DATE HRMN SEC LAT LONG DEPTH  MAG
850804 1129 15.07 36- 8.42 120~ 9.43 12.34 4.5
850804 1201 55.80 36- 8.63 120- 9.20 11.91 5.5
850804 1515 39.62 36- 2.67 120- 5.75 11.59 4.3
850805 1445 37.92 36- 7.41 120- 5.87 7.69 4.4 31
850807 016 3.40 36- 0.96 120- 8.73 13.98 4.3
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Array Studies of Seismicity
9930~02106

David H. Oppenheimer
Branch of Seismology
United States Geological Survey
345 Middlefield Road - MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2791

Investigations

1.

2.

3.

1.

Continue testing and enhancement of computer algorithms to compute and
display earthquake fault-plane solutions.

Complete investigation of fault-plane solutions at The Geysers, California
for inferences on state of stress and mechanism of induced seismicity.

Begin analysis of earthquake doublets at Morgan Hill and Coyote Lake
reglons of California for investigation of temporal changes in crustal
properties in the seismogenic zone.

Results

Algorithms for computing and displaying double-couple earthquake fault
plane solutions from first motion polarities were implemented and tested.
The inversion is accomplished through a two-stage grid-search procedure
that finds the source model minimizing a normalized, weighted sum of
first-motion polarity discrepancies. Two weighting factors are
incorporated in the minimization: one reflecting the estimated variance
of the data, and one based on the absolute value of the theoretical P wave
radiation amplitude. The latter weighting gives greater (lesser) weight
to observations near radiation lobes (nodal planes). Recent enhancements
include reporting of multiple fault plane solutions for a given earthquake
through detection of discrete minimas in the coarse grid search

procedure. The fault plane solution uncertaintles are now computed as a
function of the data uncertainty and reported both as the uncertainity in
the model parameters (strike, dip, and rake) of the solution and as nearby
mechanisms for which the solution misfit is less than the 95% confidence
estimate of the best solution. An Open~file report which describes the
inversion and lists the source code and companion code for displaying the
fault plane solutions is in the review process and should be completed
shortly.

Fault plane solutions for 210 earthquakes of magnitude 1.1 to 3.3 at The
Geysers exhibit normal and strike-slip behavior at all depths, and reverse
faulting at depths shallower than 1.0 km. Large variations in fault
mechanisms occur over epicentral distances as small as 1.0 km, precluding
the identification of the slip plane from the auxiliary. Inversion of the
focal mechanisms for the orientation of principal components of deviatoric
stress tensor indicates that within the upper three km depth the greatest
and least principal stress axes are nearly horizontal (strike-slip
faulting stress regime) and in the direction NNE-SSW and ESE-WNW,
respectively. The plunge of the principle stress axis increases to near
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vertical below 3 km (normal faulting stress regime), while the least
principle stress axis remains oriented ESE-WNW. The inversion also shows
that the state of stress at depth at The Geysers approaches uniaxial
extension. These results are compatible with regional geodetic and
leveling data, indicating that the earthquakes represent failure on fault
planes in response to the regional sttess field.

Local geodetic measurements suggest that geothermal steam extraction
generates stress perturbations no greater than a few bars per year, but
these stress changes are believed to be sufficient to induce earthquakes.
The proximity of earthquake locations with respect to producing steam well
locations and surface subsidence suggest that the most likely inducing
mechanism involves stresses induced by reservoir contraction due either to
pore collapse of the reservoir rock as water migrates out into the
permeable fractures, or to thermal contraction which results from
production-related pressure declines in the reservoir.

The presence of large depositional basins to the north-northeast of The
Geysers, together with extension at The Geysers suggests that the
extension occurs over the entire region between the Maacama and Bartlett
Springs fault strike-slip zones. It is difficult to attribute this
extension to tectonics associated with typical pull-apart basins due to
the lack of regional topographic expression and definition of the extent
of the master strike-slip faults. However, it appears that the regional
extension accounts for the wide-spread presence of Quaternary volcanism in
the Clear Lake area. A manuscript describing this work is in the review
process.

3. Phase data for earthquakes recorded in the Morgan Hill and Coyote Lake
regions of California were assembled for the time period 1/69 through
9/85. Current efforts are directed towards ensuring the data sets are
complete, mapping old stations names to current names, and detecting
temporal multiplets through comparison of arrival time patterns at
stations common to pairs of earthquakes.

Regorts

Zandt, G., S. K. Park, C. Ammon, and D. Oppenheimer, 1985, P-delays in northern
California: evidence on the southern edge of the subducting Gorda plate,
Trans. Am. Geophys. Union (abs.), in press.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-21887

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

Investigations

The purpose of the network is to monitor seismic activity in the Central Mississippi Valley
Seismic zone, in which the large 1811-1812 New Madrid earthquakes occurred. The following sec-
tion gives a summary of network observations during the year 1984.

Results

In 1984, 357 earthquakes were located and 77 other nonlocatable earthquakes were detected
by the 38 station regional telemetered microearthquake network operated by Saint Louis Univer-
sity for the U. S. Geological Survey and the Nuclear Regulatory Commission. Figure 1 shows 336
earthquakes located within a 4° x 5° region centered on 36.5°N and 89.5°W. Seismograph stations
are denoted by triangles and are labeled by the station code. The magnitudes are indicated by
the size of the open symbols. Figure 2 shows the locations and magnitudes of 121 earthquakes
located within a 1.5° x 1.5° region centered at 36.25°N and 89.75°W. Figures 3 and 4 are similar
to Figures 1 and 2, but the epicenter symbols(squares) are scaled to focal depth.

165 teleseisms were recorded by the PDP 11/34 microcomputer in 1984. Epicentral coordi-
nates were determined by assuming a plane wavefront propagating across the network and using
the 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 1984 include the following:

1 12 January 1984, UTC 0248, 37.59°N, 89.75°W: felt in an area about 10 miles south of Per-
ryville, Missouri. my (10Hz) = 3.0(SLM).

2 28 January 1984, UTC 2129, 36.61°N, 89.92°W: felt (IV) in Malden and Gideon, Missouri.
my(10Hz) = 3.2(SLM).

3 An earthquake swarm began in November 1983 in southern Illinois near Ohio River Lock
and Dam No. 53 and continued through this year. Over 200 events were detected. Peak
activity occurred in February with the event on February 13, UTC 2242, 37.21°N, 89.02°W,
felt (IV) at Bandana, Kentucky. Felt (III) at Kevil and La Center, Kentucky and also felt
() at Belknap, Cairo, Grand Chain, Mounds, Tamms, and Ullin, Illinois.
ng(].OHZ) == 32(SLM), ng(3HZ) = 3.0 <FVM>, mbL‘ == 33(BLA)

A slightly larger event occurred on 14 February 1984, UTC 2256, 37.21°N, 89.00°W: felt
(IV) at Belknap, Cairo, Karnak, Olmstead, and Perks, Illinois. Also felt (IV) at Bandana
and Kevil, Kentucky. Felt (II) in parts of western Kentucky, southeastern Missouri, and
southern Illinois. my,(10Hz) = 3.6 (SLM), my,;, = 3.8(BLA).

35



I-1

4 17 April 1984, UTC 0444, 38.41°N, 88.48°W: felt (IV) at Fairfield, Ellery, Dix, Griffin,
Keenes and Mill Shoals, Illinois. Felt (III) at Barnhill, Bluford, Geff, Macedonia, and Mount
Erie, Illinois. my(10Hz) = 3.2 (SLM), my,(3Hz) = 2.7<FVM>, mp = 2.8(TEIC).

5 26 June 1984, UTC 1515, 36.10°N, 89.39°W: felt in the Dyersburg, Tennessee area.

6 29 June 1984, UTC 0758, 37.70°N, 88.47°W: slight damage (VI) at Harrisburg, Illinois. Felt
(V) at Raleigh and (IV) at Equality, Herod, Karbers Ridge, Muddy, and Shawneetown. Felt
in Gallatin, Hamilton, Hardin, Johnson, Saline, and Williamson counties. Also felt in
several communities in northwestern Kentucky. myp (10Hz) = 3.8(SLM), my, = 4.1
(NEIS), mp = 3.3(TEIC).

7 28 July 1984, UTC 2339, 39.22°N, 87.07°W: felt (V) at Clay City and Coal City, Indiana.
Felt (IV) at Bloomfield, Bowling Green, Carlisle, Coalmont, Cory, Freedom, Hymera,
Jasonville, Lewis, Linton, Midland, Patricksburg, and Worthington, Indiana.
my,¢(10Hz) = 4.0(SLM), mp = 3.8(TEIC).

8 30 July 1984, UTC 0733, 37.82°N, 90.92°W: felt at Bonne Terre, Farmington, and Flat
River, Missouri. Also felt at Carbondale, Illinois. my(10Hz) = 3.0(SLM), mp = 2.6(TEIC).

9 29 August 1984, UTC 0650, 39.11°N, 87.45°W: felt (V) at Clay City, Indiana. Felt (III) at
Bowling Green, Crane, Fairbanks, and Lewis, Indiana. mp (10Hz) = 3.1(SLM),
mp = 2.7(TEIC).

10 6 September 1984, UTC 1606, 36.10°N, 89.35°W: felt at Brazil, Tennessee.
my,¢(10Hz) = 2.9(SLM), mp = 2.4(TEIC).

11 27 September 1984, UTC 1303, 35.25°N, 92.21°W: felt (IV) at Enola, Arkansas.
my ¢(10Hz) = 3.4(SLM), m,;, = 3.3 (TUL), mp = 3.2(TEIC).

A second event occurred at UTC 1316: my,(10Hz) = 3.0(SLM), my;, = 2.4(TUL),
mp = 2.7(TEIC).

12 9 October 1984, UTC 1154, 34.74°N, 85.16°W: slight damage (VI) south of Ringgold, Geor-
gia. Minor damage reported in the Chattanooga, Tennessee area. Felt (V) at La Fayette,
Chickamauga, and Trenton, Georgia. Felt in northwestern Georgia, northeastern Alabama
and parts of south central Tennessee. myp (10Hz) = 4.2(SLM), m,, = 4.0(NEIS),
mp = 3.8(TEIC). Consult TEIC, Memphis, for further information.

13 3 December 1984, UTC 1155, 36.15°N, 89.70°W: felt (IV) at Cooter, Missouri, and (III} at
Gabler, Missouri and Miston, Tennessee. Also felt at Caruthersville, Missouri.
my ¢(10Hz) = 3.0(SLM), my(3Hz) = 3.2 <FVM>, mp, = 3.0(TEIC).
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Consolidated Digital Recording and Analysis
9930-03412

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

Investigations

The goal is to operate, on a routine and reliable basis, a
computer-automated system that will detect and process earthquakes occurring
within the USGS Central California Earthquake Network (also known as CALNET).
Presently, the output from more than 450 short-period seismic stations is
telemetered to a central recording point in Menlo Park, California. Two DEC
PDP11/44 computers, and a VAX/750, are used on this project. The 11/44A is
dedicated to the task of online, realtime detection of earthquakes and storing
the waveforms for later analysis. The 11/44B is used for offline processing
and archiving of earthquakes. Both computers have a 512 channel analog-to-
digital converter, so the 11/44B can serve as backup to the online system
whenever necessary. The two computers can communicate with each other via a
simple digital-bit I/0 "semaphore" system, and can transfer large amounts of
data via a dual-ported disk subsystem or a dual-ported magnetic tape
subsystem., The VAX/750 is a general purpose computer used by the Branch of
Seismology. We use it as the primary "research" computer for the CUSP
system. It holds the primary data base of earthquake summary data and phase
card data, which is available for research pruposes. We update and maintain
the CALNET data on this computer.

Both 11/44 computers use the RSX11M-PLUS (v2.1) operating system. The
VAX/750 uses the DEC VMS operating system. Software has been developed
largely by Carl Johnson in Pasadena, but with considerable modification by
Peter Johnson, Bob Dollar and Sam Stewart, to meet Menlo Park's specific
needs. Our applications are all written in Fortran-77, but with heavy use of
system functions unique to the RSX or VYMS operating systems.

Results

1. During the period April 1985 thru September 1985 approximately 7000 events
were processed through the CUSP system. This includes 6100 events that
were classified as 'LOCAL' events, i.e., they occurred within or near
enough to the network that hypocenters were calculated and the data
entered into the catalogs. The remaining 900 events were either regional
or teleseismic events, or unprocessed copies of local events that were too
small (M < 1.0) to be timed, or copies of very large events that had to be
'split' in order to be accomodated by the 11/44 hardware limitations. In
addition, a few thousand non-seismic, noise events detected by the online
11/44A computer had to be examined and deleted. Considering only the
seismic events, this projects to an annual rate of processing about 14,000
events per year.

2. In the last report, we mentioned that conversion of the seismic telemetry
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transmission systems from leased telephone lines to our own microwave
transmission system had resulted in some serious noise problems. The new
microwave system was plagued with fading or complete dropouts, resulting
in loss of data by the 11/44A online detection system. During the current
report period these problems continued to be attacked vigorously by Branch
personnel. These problems have diminished greatly, particularly during
the 1ast month or two (Aug-Sept 1985). It remains to be seen what happens
when the winter rain and snow begins.

We have continued to develop programs on the Branch VAX/750 to facilitate
CUSP processing needs in Menlo Park. Some of this effort has been to
transfer programs working under RSX on the 11/44 systems to the equivalent
programs working under VMS on the VAX/750 system. For example, data tapes
digitized on the ECLIPSE system can now be read into and processed
directly on the 750. This allows users to make extensive use of the large
analog dubbed tape library of earthquakes, extending back about 10 years.

Other programs have been developed directly for 750 use. For example, the
original CALNET phase card data can be entered directly into the CUSP data
base. This has been done for the 1969 data, and conversion of subsequent
years will soon be underway.

Although we are 'current' in processing and archiving earthquake data from
the Central California Earthquake Network (CALNET), until now we have not
had the procedures and programs to make the data 'easily' available to
other researchers. During this report period such procedures were
developed and carried out. When the data for a particular month are
'finished', then we write various binary and ASCII tapes containing event
summary data and phase data in various forms. The tapes of interest to
the user are (i) binary monthly 'FREEZE' tapes, readable by CUSP,
containing everything CUSP knows about each earthquake (except the
digitized traces), (ii) binary, cumulative 'ARKIVE' tapes, readable by
CUSP, that contain the digitized traces, and (iii) ASCII monthly tapes in
standard ANSI format, readable by VMS 'COPY' command, by the UNIX 'TPANSI'
command, or by FORTRAN programs, that contain summary and phase data in
HYPO71 format.

Reports

None
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-21919

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

Investigations

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

Results

The seismicity of the Shumagin Islands region from January 1 to June 30,
1985 is shown in map view and cross section in figure 1. The overall pattern over
this time period is similar to the long term seismicity. High concentrations of
events occur at the base of the main thrust zone and in the shallow crust
directly above it. The continuation of the thrust zone towards the trench is
poorly defined. West of the network the seismicity is more diffuse in map view.
Below the base of the main thrust zone (~45 km) the dip of the Beniofl zone
steepens. The double planed nature of the lower Benioff zone is barely evident
over this short time period.

The yearly network servicing was successfully completed in June. The net-
work is capable of digitally recording and locating events as small as Ml = 0.4
with uniform coverage at the 2.0 level. Onscale recording is possible to at least
Ml = 5.0 on a telemetered 3 component force-balance accelerometer. Larger
events are recorded by one digitally recording accelerometer and on photo-
graphic film by 12 strong-motion accelerometers.
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Figure 1. Top: Seismicity recorded by the Shumagin Island seismic network from
January 1 to June 30, 1985. Bottom: Cross section of seismicity projected along
the line A-A’ in the upper figure.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-21858

Ta-liang Teng
Thomas L. Henyey
Egill Hauksson

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

INVESTIGATIONS

(1)

(2)

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

Upgrade of telemetry electronics used by remote field stations. The
microprocessor-based Optimal Telemetry System has been deployed for field
testing at three seismic stations.

RESULTS

(L

(2)

The earthquake activity that occured in the Los Angeles basin and the
southern California coastal zone from January 1 to October 8, 1985 is
shown in Figure 1. The seismicity rate during 1985 is similar to the
rate that was recorded during the previous three years. The earthquake
activity in the Los Angeles basin is characterized by single shocks that
are scattered throughout the region. Two clusters of activity are
observed; one near the northern end of the Palos Verdes fault and a
second near Point Mugu on the Malibu coastal fault. The seismicity in
the Santa Barbara region is characterized by several different spatial
clusters. Continued activity is observed in the vicinity of the April
1984 swarm, which was located on the offshore extension of the Oak Ridge
fault. A high level of activity is also observed near the eastern part
of the Santa Ynez fault.

Major progress in seismic instrumentation has recently been made at
U.S.C. in connection with the completion of a new optimal telemetry
system (OTS). It resolves a serious difficulty in the present-day
seismic network operation. In a modern seismic network, the sensor and
the digital recorder both have adequate dynamic range. However, the
telemetry links with VCO's degrade the overall dynamic range down to 45
dB or less. This serious difficulty reduces the usefulness of a digital
seismogram only to the two bits of information at the very beginning of
the wave train (bottom of Figure 2), namely, the P arrival and the
polarity. We have successfully developed the OTS and are implementing
the system in a number of U.S.C. stations. This OTS has 120 dB effective
dynamic range and 60 dB resolution. For the same off-scaled signal shown
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at the bottom of Figure 2, the corresponding unclipped signal is given on
the top of the same figure. Not only are the P and S arrivals clearly
seen, the entire waveform is well recorded, which provides more
information than the mere two bits mentioned above. The OTS can gain
range up to three components at the same station. Controlled by a
microprocessor, if events are not occurring in quick successions, the 0TS
can transmit in series all three channels back to the recording center
through a standard one channel (*125 Hz) of voice-grade telephone
circuit. This function enables all network stations to be converted into
3-component stations without additional telemetry cost and still at 120
dB effective dynamic range. We plan to utilize the waveform data to
study source parameters (e.g. stress drop, source radius and seismic
moment) of local earthquakes as well as unusual path effects in the Los
Angeles basin. The waveform analysis will contribute both to earthquake
hazards evaluations as well as earthquake prediction research.

REPORTS

Hauksson, E. and G. Saldivar, Recent seismicity (1970-1984) along the Newport-
Inglewood fault, Los Angeles Basin, southern California, EO0S, vol. 65, no. 45,
p. 996, 1984.

Hauksson, E., T. L. Teng, T. L. Henyey, J. K. McRaney, L. Hsu and G. Saldivar,
Earthquake Hazard Research in the Los Angeles Basin and its Offshore Area,
U.S.C. Geophysics Laboratory Technical Report #8501, 1985.

Hauksson, E., T. L. Teng and J. McRaney, The Santa Barbara Channel Easter
Swarm of April 1984, USGS Semi-Annual Data Review Meeting in Santa Barbara,
California, September, 1984.

Teng, T. L., Application Results of an Optimal Telemetry System, submitted to
AGU Fall Meeting, 1985.

Saldivar, G., E. Hauksson and T. L. Teng, The Malibu Earthquake (M=5.0) and
Its Aftershock Sequence, southern California, January, 1979, submitted to
AGU Fall Meeting, 1985.

Hauksson, E., Constraints on the Velocity Structure of the Crust in the Los

Angeles Basin and the Central Transverse Ranges, southern California,
submitted to AGU Fall Meeting, 1985.
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Figure 2. (Above) seismogram gain ranged at the station by OTS. (Below) the
corresponding clipped seismogram that passed through an analog

amplifier/vVCoO.
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Field Experiment Operations

9930-01170

John VanSchaack
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road MS-977
Menlo Park, California 94025
(415) 323-8111, ext. 2584

Investigations

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

a. 5-day recorder portable seismic systems.

b. "Cassette” seismic refraction systems.

c. Portable digital event recorders.

d. Smoked paper recorder portable seismic systems.

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

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

Results

Seismic Refraction

One hundred twenty seismic cassette recorders were used in 2 separate
experiments to gather deep crustal velocity and structural data. Record
sections were produced and preliminary analysis was done in the field for the
first experiment. These 2 experiments were:

1. Alaska; Three deployments were completed with a total of 360
recording sites. The first deployment ran from Glen Allen, AK
northeast about 120 km along the Tok Cutoff. The second deployment
ran from the southwest tip of Montegue Island to a point just north
of Cordova, AK. The third deployment ran from the mouth of the
Copper River to a point just north of Tsaina Lodge on the Richardson
Highway. The instruments operated at about 95% yield.

2. Medicine Lake, CA; One hundred twenty instruments were deployed in a
grid with 1 km spacing at Medicine Lake., Eight shots were fired into
the grid; four at a radial distance of about 40 km and four at a
radial distance of about 100 km.
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Data Processing Center Operations
9930-01499

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

Investigations

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

Results

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

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

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

Procedures and staff for fulfilling assigned responsibilities have been
developed and the Data Processing Center is operating smoothly and serving a
large variety of scientific user projects.
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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
(2086) 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, Baker, Michaelson,
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, 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)
and Elk lLake, and the southern Washington-northern Oregon Cascade Range. The
data from this monitoring is being used in the development of seismotectonic
models for southwestern Washington. (Weaver, Grant, Shemeta, UW contract)

4. Study of Washington seismicity, 1938-1970. Available helicorder records are
being scanned in an effort to determine the completeness of existing earthquake
catalogs for the time period that predates the establishment of the existing
short-period network. Although the entire period is being examined, emphasis is
being placed on three time periods: 1) 1944-1949 (possible foreshocks to the
1949 south Puget Sound earthquake), 2) 1960-1965 (possible foreshocks to the
1965 south Seattle earthquake), and 3) study of an earthquake sequence
between 1958-1962 that occurred near Swift Reservoir (the largest event has an
M; =5.1). The events near Swift Reservoir were probably on the southern seg-
ment of the SHZ. (Yelin, Grant, Weaver)

5. Detailed analysis of the seismicity sequence accompanying the May 18, 1980
eruption of Mount St. Helens. Earthquakes are being located in the ten hours
immediately following the onset of the eruption, and the seismic sequence is
being compared with the detailed geologic observations made on May 18.
{Weaver, Shemeta, UW contract)

Results

1. Work has been completed on determining a focal mechanism for the 1949
South Puget Sound earthquake (M=7.1). This earthquake is the largest magni-
tude event recorded in Washington, and the results have implications for earth-
quake hazards in the Pacific Northwest (eight people were killed during the
earthquake) and in defining the regional tectonic framework. The focal mechan-
ism analysis used P, SH, and SV first motions as well as the SH/SV amplitude

[
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ratio from eight, long-period, three-component teleseismic records and three
records from regional distances.

Identification of the pP phase on each of the teleseismic record indicates that
the source depth is 54 km, rather than the depth of 70 km commonly cited. The
focal mechanism for this event (Figure 1) was computed using a combination of
manual fitting of fault planes and a grid testing routine. Both forward and
inverse body wave modeling were utilized to further define source parameters.
Distinct pulses, that are assumed to be source effects, were observed in the far-
field waveforms, and these pulses have been modeled for the effects of direc-
tivity. This analysis made it possible to discriminate between the fault and the
auxiliary plane. Our preferred fault plane strikes east-west +/-15°, dips N45°E
+/-15°, and has nearly pure left-lateral strike-slip motion. The fault length is
estimated to be about 40 km.

2. Earthquake hypocenters and the focal mechanisms from three large earth-
quakes that are interpreted as being within the Juan de Fuca plate, have been
used to infer the geometry of the upper portion of the subducting plate. Using
the data from the University of Washington seismic catalogs, there is a westward
displacement of earthquake hypocentral depths beneath southwestern Washing-
ton as compared to northwestern Washington (Figure 2). We infer from this dis-
tribution that in the depth range of 35-80+ kilometers, the Juan de Fuca plate is
dipping more steeply beneath southwestern Washington than to the north. Plot-
ting the hypocenters south of the 1965 earthquake in a cross-section along line
B-B’ (Figure 3) indicates that these events are in a very thin, southeast-dipping
distribution. The orientation of the T-axis, calculated from the 1949 earthquake
is in very good agreement with the dip of the hypocenters. We conclude that
beneath southwestern Washington the geometry of the Juan de Fuca plate is
complex and has a component of plate dip to the southeast.

Reports

Weaver, C. S. and C. A. Michaelson, Seismicity and volcanism in the Pacific
Northwest: evidence for the segmentation of the Juan de Fuca plate, Geo-
physical Research Letlers, v. 72, 215-218, 1985.

Michaelson, C. A., and C. S. Weaver, Upper mantle structure from teleseismic P-
wave arrivals in Washington and northern Oregon, submitted to Journal
Geophysical Research, {Director’s approval, 2/85).

Baker, G. E., Source paramelers of the magnitude 7.1, 1949, South Puget
Sound, Washington earthquake determined from long-period body waves,
M.S. thesis, University of Washington, 68 pp., 1985.

Weaver, C. S., G. E. Baker, and S. W. Smith, Complex plate geometry beneath
Washington: Evidence from seismicity and the 1949 South Puget Sound
earthquake, submitted to Science, {Director’s approval, 8/85).

Weaver, C. S., Combined regional seismotectonics and the extent of Cenozoic vol-
canism: An improved first-order geothermal assessment of the Cascade
Range? (abs), in, U. S. Geological Survey Open-File Report, in preparation,
(Director’s approval, 7/85).
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Figure 1:

Long-period focal mechanism for the 1949
south Puget Sound, Washington earthquake
(M=7.1). Shown in this figure are the
P-wave polarities, with "-" being dilatation,
"+" being compressional, and "0" (at EDN)
nodal. The east-west striking plane is the
preferred fault plane. Plot is equal area,
lower hemisphere.
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Holocene deformation near Coalinga, California
9540-02190

Brian F. Atwater, Project Chief
Branch of Western Regional Geology
c¢/o Department of Geological Sciences AJ-20
University of Washington
Seattle, WA 98195
(206) 543-0804

Investigations and Results

The investigations and results described for this project in Summaries of
Technical Reports, volume 20, were written up as a chapter for the Coalinga
Professional Paper. This chapter has been revised following peer review.

Reports
Atwater, B.F., Tinsley, J.C., Stein, R.S., Trumm, D.,A., Tucker, A,B. Donahue,
D.J., and Jull, A.J.T., 1985, Progress toward estimation of earthquake

recurrence at Coalinga Anticline, California: EOS (abstract EOS, in
press)
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QUATERNARY DEFORMATION STUDIES IN THE REGION OF THE MENDOCINO TRIPPLE JUNCTION

Contract No. 14-08-0001-22009

Gary A. Carver and Reymond M. Burke
Dept. of Geology
Humboldt State University
Arcata, California 95521
(707) 826-3931
and
Harvey M. Kelsey
Dept. of Geology
Western Washington University
Bellingham ,Washington
(206) 676-3582

Investigations

1
2
3

Results

1.

Marine terrace mapping and deformation investigation.

Marina terrace soils and terrace remnant correlation studies.

Mapping and structure analysis of San Andreas system-Coastal thrust zone transition
faulting.

Remnants of raised marine terraces are presant along most of the coast between
Cape Mendocino and Big Lagoon (Fig.! and Fig. 2). The terrace remnants are
displaced by northwest trending northeast dipping thrust and reverse faults, folded
by northwest trending anticlines and synclines, and tilted on rotated fault bounded
blocks (Carver et. al. 1983). Terrace remnants are best developed and preserved
on uplifted headlands, especially the Trinidad headland and Table Bluff, where at
least S emergent surfaces are present.

The style of deformation recorded in the terraces changes from south to north
along this section of the coast. Late Quaternary growth of large folds, including the
Eel River syncline and the Humboldt Hill and Table Bluff anticlines dominate the
deformation recorded in the terraces between Cape Mendocino and Eureka. The first
(lowest) emergent terrace at Table Bluff is tilted 2 to 3 degrees in the limbs of the
Table Bluff anticline and uplifted 55 meters above present sea level at the fold axis.
The second and third emergent terraces at Table Bluff are inclined 5 and 8 degrees
in the fold 1imbs and uplifted 60 and 113 meters above present sea level at the axis.
Similar folded terrace remnants are present at Humboldt Hill.

The terraces at Eureka are nearly horizontal and show little evidence of tilting
or faulting. The prominent Eureka surface has been uplifted 35 meters above
present sea level.

North of Eureka, terrece remnants record late Quaternary deformation
resulting principally from displacement on thrust and reverse faults and northeast
tilting on fault bounded blocks. Yertical displacements of the first emergent terrace
of 28 to 37 meters across each of four major faults, the Fickle Hill, Mad River,
McKinleyville, and Trinided faults, have been measured. Tilting of the first
emergent terrace remnants on blocks bounded by these faults ranges from less than
1 to 3 degrees. Small folds and warps are apparent in the terraces near the faults.
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The first emergent terrace has been uplifted a maximum of 68 meters above present
sea level near Trinidad, and tilted 3 degrees to the northeast at Big Lagoon where
the terrace extends below present sea level.

2. Soils developed on marine terrace remnants have been studied at 29 sites along
the coast between Table Bluff end Big Lagoon (Fig. | and 2). Todate soil profiles have
been described and sampled and particle size analysis has been completed.
Preliminary interperation of the soils data suggests terrace remnants along the coast
between Table Bluff and Big Lagoon represent at least 4 soil age classes, and that
remnants of the same age class can be correlated on the basis of their soil
characteristics (Fig.3). The first emergent terrace remnents at Trinidad,
McKinleyville, and Table Bluff are capped by thin (<120 cm) weakly developed soils
which lack argillic (Bt) horizons. The second emergent terrace remnants at Trinidad
and Table Bluff and the first emergent remnants at Eureka and Humboldt Hill are
characterized by soils with moderately thick ( 150 to 185 cm) profiles and argillic
(Bt) horizons containing 30 to 40 percent clay. The third soil age class is
represented by thick (>200cm) profiles with thick argillic horisons containing 38
to 42 percent clay and occurs on the third emergent terrace at Table Bluff,
the second emergent terrace at Humboldt Hill, and the first terrace at Arcata. The
oldest terrace soil examined in this investigation is present on the fourth terrace at
Trinidad. This soil has an argillic (Bt) horizon 120 cm. thick containing 43 to 47
percent clay.

3. Field studies of late Cenozoic structures at four areas on or near the boundray
between the San Andreas fault system and the coastal thrust and fold zone have been
initisted. The study aress, located near Garberville, Bridgeville, Maple Creek, and
Gold Bluffs, include faulted, folded, and tilted sequences of late Cenozoic sediments at
or near the northern end of the Maacama, Eaton Roughs, Lake Mountain, and
Orogan faults (Herd, 1978; Upp, 1982; Kelsey and Cashman, 1983; Kelsey and
Allwardt 1983). Field investigations are directed toward measurment and mapping of
deformation structures, especially faults and folds, in the late Cenozoic sediments.

References

Carver, G. A., Stephens, T. A, and Young, J. C., 1983, Quaternary thrust and reverse
faulting on the Mad River fault zone, coastal northern California, Oeol. Soc. Am.
abs. with program, v.15, no. 5.

Herd, D. 6., 1978, Intracontinental plate boundray east of Cape Mendocino, Geology, v. 6,
p721-725.

Kelsey, H. M. and Allwardt, A. 0., 1983, Evidence for a major Quaternary fault zone in
the Central Belt Franciscan melange, northern California; Geol. Soc. Am. abs with
program,v. 15, no. 5.

Keisey, H. M. and Cashman, 5. M., 1983, Wrench faulting in northern California and
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Upp, R. R, 1982, Holocene activity on the Mseacama fault, Mendocino
County, California; [PhD dissertation] Stanford University 112p.
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Figure 3. Clay-size particle distribution ( profile depth - vertical axis - vs. percent clay - horizontal
axis) for soils on terraces between Cape Mendocino and Big Lagoon. Profiles are arranged on the
diagram according to preliminary interpretation of four age classes, youngest at the bottom.
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Comparative Earthquake and Tsunami Potential for Zones
in the Circum-Pacific Region

9600-98700

George L. Choy
Stuart P, Nishenko
William Spence
Branch of Global Seismology and Geomagnetism
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 236-1506

Investigations

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

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

3. Develop a working model for the interaction between forces that drive
plate motions and the occurrence of great subduction zone earthquakes.
Develop a rapid method for the estimation of the source properties of
significant earthquakes.

4. Conduct investigations into the tectonic mechanisms of major earthquakes

in Peru and the central Sunda arc in order to assess the likelihood of
possible major subduction zone events in those locations.

Results

1. The probabilistic work for the west coast of Chile and southern Peru has
been done. The corresponding paper was published in the April 1985 issue of
the Journal of Geophysical Research. 1In collaboration with scientists of
CERESIS, data are being gathered for the probabilistic analysis of the rest
of the west coast of South America and Central America. Dr. Mendoza is
completing a study of the great earthquake of Colombia, 1979. The
probabilistic work for northern Mexico is largely completed, and the results
will be submitted for publication towards the end of the year by Drs.
Nishenko and K. Singh (University of Mexico). Two seismic gaps stand out as
having high probabilities for recurrence of large earthquakes within the
next two decades: the central Oaxaca gap and the Acapulco-San Marcos gap.
The Michoacan earthquake of September 1985 occurred in a known gap, but
insufficient repeat-time data precluded a reliable probabilistic

evaluation. An analysis of the 1932 Jalisco earthquake, which until 1985
was the largest event in Mexico this century, has been published in the
Bulletin of the Seismological Society of America.
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2. Data on the occurrence of great earthquakes and tsunamis from the Queen

Charlotte Islands through the Aleutians have been collected. Evaluation of

the probabilistic recurrences in this region will be done by Dr. Nishenko in
collaboration with Dr. K. Jacob (LDGO).

3. An evaluation of the ridge push and slab pull forces in the context of
the stress that leads to great subduction zone earthquakes has been
completed and a paper submitted to the Journal of Geophysical Research. We
are developing and testing an algorithm to automate processing of broadband
digital data which will permit rapid estimation of important source
properties of all earthquakes with my > 5.8.

4, Research has been completed on the 1974 central Peru earthquake (MS
7.8). One conclusion is that the maximum likely earthquake to occur in
central Peru is Mg 8.4. A study on the central Sunda arc earthquake of 1977
(M. 7.9) is complete. A primary conclusion is that a great thrust
earthquake will not occur at the arc, but that a great normal-faulting
earthquake is possible.

Reports

Choy, G. L., Broadband body—-wave analysis of the complex rupture process of
the Samoa earthquake of September 1, 1981: Journal of Geophysical
Research, submitted.

Nishenko, Stuart P., 1985, Seismic potential for large and great interplate
earthquakes along the Chilean and southern Peruvian margins of South
America: A quantitative reappraisal: Journal of Geophysical Research,
ve 90, p. 3589-3615.

Nishenko, S. P., and Singh, S. K., Conditional probabilities for the
occurrence of large plate boundary earthquakes along the Mexican
subduction zone: 1985-2005, in preparation.

Singh, S. K., Ponce, L., and Nishenko, S. P., 1985, The great Jalisco,
Mexico earthquakes of 1932 and the Rivera subduction zone: Bulletin of
the Seismological Society of America, in press.

Spence, William, The 1977 Sumba earthquake series: Direct evidence for slab
pull: Journal of Geophysical Research, submitted.
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Earthquake Hazard Investigations in the Pacific Northwest
14-08-0001-22007

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

Investigations

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

1. Compiling a uniform data-base of all arrival time data available for Washington and northern
Oregon from 1970 to the present.

2. Calibration of computer determined codas for magnitude determination.

3. Initial studies of tomographic inversion of travel times to determine three-dimensional earth
structure.

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

5. Re-examination of teleseismic travel-times of large events in the Pacific Northwest for evi-
dence of slab location and orientation.

6. Analysis and interpretation of Pn observations.

7. Study of three-dimensional seismic attenuation (Q) structure of the Puget Sound area (pri-
marily funded under another project).

Results

1. We are establishing a uniform base of arrival time data for all network data from 1970 to the
present. From 1970 through 1979, data were archived in several different formats, at several sites.
‘Pickfiles’ of arrival times have been reformatted and events relocated using updated velocity
models and location routines. The western Washington data from 1970-1979 are complete, and
are being used in research. Eastern Washington data from 1975-1979 have been reformatted, and
are being checked for completeness.

2. We have completed calibration of our compute coda magnitude determination algorithm
using 18 earthquakes for which M; was available. Routine use of this procedure may improve the

consistency of magnitude estimates.

3. We are investigating the feasibility of a tomographic inversion of arrival-time data to deter-
mine the velocity structure of the Puget Sound area using P and S-wave data recorded by the
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University of Washington seismic network. We hope to use local events to determine crustal velo-
city structure shallower than about 40 km. We are presently exploring the effect of a non-
isotropic data set, and calculating the approximate resolution which could be achieved with this
method.

4. A data base of focal mechanisms is being established. We have plotted stereographic projec-
tions of first-arrival polarities for about 60 of the largest earthquakes in Washington. These pro-
jections are being checked against data traces, and focal mechanisms determined when possible.
A grading scheme will be implemented to indicate the quality of focal mechanism solutions. Such
a grading scheme will consider inconsistent or ambiguous arrivals, and the range of feasible focal
mechanisms. Once completed, the data base will be used to determine the most probable set of
regional tectonic stresses in western Washington.

5. Teleseismic residuals from the 1965 Puget Sound earthquake were interpreted by McKenzie and
Julian (1971) to indicate a north-south striking slab dipping 50 degrees East. These residuals
were calculated using the Jeffreys-Bullen travel-time tables. We are redoing these calculations
using several travel-time models and additional earthquakes in an attempt to determine if slab
effects are indeed detectable.

6. Previously reported results from Pn analysis have been submitted
to the BSSA in an article by C. Zervas and R. S. Crosson.

7. Under another contract, we are undertaking an evaluation of seismic attenuation in western
Washington. In cooperation with Dr. W.HK. Lee of the USGS, we are using spectral estimates of

coda waves to determine regional coda Q. A preliminary data set of fifty events has been pro-
cessed, and results are being analyzed.

Articles

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1985 (in press), Washington Earthquakes, 1983,
National Earthquake Information Service

Zervas, C.E. , and R.S. Crosson, 1985 (submitted to BSSA}, Pn Observations and Interpretations
in Washington

Reports

Univ. of Wash. Geophysics Program, 1984, Quarterly Network Report 85-A on Seismicity of
Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1984, Quarterly Network Report 85-B on Seismicity of
Washington and Northern Oregon
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Investigation of Seismic-Wave Propagation for
Determination of Crustal Structure

9950-01896

Samuel T. Harding
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1572

Investigations

1.

Finished processing and interpreting the seismic-reflection lines across
the Beatty scarp, Beatty, Nevada.

Finished processing of all the U48-fold seismic-reflection surveys
available to the USGS in the New Madrid seismic zone and began to the
interpret the deeper structures.

Results

1.

Two high-resolution seismic-reflection surveys were conducted across two
scarps near Beatty, Nev., by employing the MINI-SOSIE system technique.
The first survey was run across the scarp southeast of Beatty over a
feature mapped as the Beatty fault. Reflection profiles from this area
indicated the absence of faulting where the line was run. The next
profile that was run across a fault scarp on the east side of Crater Flats
showed one fault with a throw of approximately 30 m. This fault appeared
on a reflector at 160-m depth and was located east of the fault scarp.
This fault, if associated with the scarp, represents a strike-slip fault
or a reverse fault, or perhaps a combination of the two. No hint of
normal faulting could be seen from the data collected.

From reprocessed seismic-reflection data west of Caruthersville, Mo.,
along the trend of the New Madrid seismic zone, a large-scale fault has
been found that is coincident with the earthquake activity. This fault
has many of the characteristics of a large strike-slip fault which is
consistent with the fault-plane solutions determined for this part of the
New Madrid seismic zone. The largest displacement is seen on sub-basement
reflectors with a throw of 380 m and a net slip of 400 m. As the fault
approaches the surface, the fault dies out into folds which are
characteristic of flower structures attributed to strike-slip faulting.
This fault has a west dip of approximately 75° and terminates at 12.8 km
in the midcrustal reflections. The maximum fault downdip dimension
(width) seen on this profile is 7.5 km.

Report

Dwyer, R. A., and Harding, S. T., 1985, New Madrid fault from seismic-

reflection data [abs.]: Eastern Section Seismological Society of
America, Knoxville, Tennessee.
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Seismic Source Characteristics of Western States Earthquakes

Contract No. 14-08-0001-21912
Donald V. Helmberger

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

Investigation

There are strong suggestions that earthquakes occurring at particular locations tend
to reproduce nearly identical signals, for example see Richter (1958). The phenomenon
of certain regions having higher stress drop than others has been discussed for many
years, Thatcher (1971) and more recently Nava and Brune (1983). Thus, we suggest
that a good appreciation of the characteristics of faulting in the various regions should
be included along with the seismicity patterns in hazard appraisal. We address the
problem of determining the source parameters with magnitudes greater than about 4.5
by applying a semi-automated inversion technique. Many of the earthquakes in this
magnitude class are not well suited to the waveform analysis of the teleseismic body
waves or surface waves because they are not large enough to produce usable records at
large distances. On the other hand, the earthquakes are small enough to produce on-
scale recordings at regional distances (2° to 30°). Recently, we have shown that it is
possible to retrieve the source parameters of moderate size earthquakes from long-period
seismograms at these distances, for example see Figure 1.

We plan to analyze the waveforms of 30 to 40 WUS and Northern Mexico earth-
quakes (Baja) which were recorded on the LRSM and WWSS networks during the post-
1962 years. We hope that these results will provide the ground work (reference events
and paths) for extending the waveform analysis to pre-1962 data.

Results

This project has just begun and most of the efforts have gone into data collection
and digitization. A six-month no-cost extension has been requested because of the slow
rate of obtaining the LRSM data. Complete data sets for about 10 events have been
assembled and will be reported on shortly. The particular results for one of these
events, namely the Walker Pass earthquake of 1962, will be briefly discussed in this sum-
mary.

The Walker Pass earthquake (M, = 6.3) of 15 March 1946 occurred near the 16
September 1962 event (M; = 4.9), thus the latter can be used as a Master event in later
analysis of the larger event. The 1946 event produced significant strong motions in
Pasadena and is well-recorded. Both earthquakes are located on the eastern edge of the
southern Sierra Nevada mountains at approximately 35.75° north latitude and 118.05°
west longitude. P, modeling of the WWSSN data (rather sparce at this early date) and
the LRSM data for the 62 event is displayed in figure 1 following the procedure dis-
cussed by Wallace et. al (1981). The solution has been constrained to fit the first motion
information from the Berkeley and Caltech arrays as well, see Dollar and Helmberger
(1985). The orientation and the moment are well constrained but not the depth or time
history. The latter parameters are obtained from the short-period information, see
figure 2, where the depth phase pP is especially clear. Assuming a t; = .6, we obtain a
triangular source time history with a rise time of .4 secs and a decay time of .4. The
epicenter depth is determined to be 16 km which is significantly deeper than assigned to
this event by the standard short-period network, namely 4 to 7 km.
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WALKER PASS
16 Sept. 1962

. ) cm 1.5 | |.2

R , R
! 15 Z 90

4 1x10"%m

Figure 1: Comparison between P,; observations ( upper trace) and synthetics
(lower trace). The stations with four letters belong to the LRSM network while
the three letter designation indicates WWSSN stations. The orientation parame-

ters are: strike = 346°, dip = 45°, and rake = 243°. The moment estimate is
.51z 10%* dyne-cm.
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This WUS (Western United States) event appears to have a relatively short dura-
tion (7 = .8) compared to its’ moment (Mg = .65 x 10%*) and would be considered to be
a high-stress drop event. Secondly, events with similar moments and durations in the
eastern United States, as reported by Somerville (1985) and LeFevre (1985), produce
short periods back in California of the same magnitude indicated in figure 2.

The P,; comparisons for the New Brunswick earthquake of January 9, 1982 are
displayed in figure 3 where the orientation was constrained by first-motions and the
study by Nabelek (1984). He, also, assumed a t; = .6 in modeling a small telesiesmic
data set and obtained a moment estimate of 1.3 x 10%* dyne-cm which agrees well with
the P, results. However, the New Brunswick event has a magnitude of 5.7 while
Walker Pass has a magnitude of 4.9. This mismatch in magnitude, but with comparable
physical parameters, will be addressed with larger data sets as this study progresses.
Also, the question of stress-drop versus depth needs to be examined since we generally
do not see teleseismic short periods from WUS events with moment of (10** dyne-cm)
shallower than 6 kms unless they are at NTS.

WALKER PASS

|6 Sept 1962 BUQB .66
.28 BBPA
Y
W\ 99
9l

HNME .04

.68

T /1.99
67 / \ P pPsP

BLA 84 GEO B7Tx |O-5cm
M, = .65 x 10%*
| p———— |
h = 16 km b ’\M I0Osec
— W
.69 94x 10 3¢m

Figure 2: Comparison of teleseismic short-period seismograms and synthetics assum-

ing t; = .6 with a duration of .8 secs. The numbers indicate the displacement
amplitude.
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Figure 3: Comparison of P, synthetics and observations with the solution proposed
by Nabelek (1984). The numbers indicate the displacement amplitude in cm

assuming a moment of 1.6z 10** dyne-cm.
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Earthquake Hazard Research in the Central Mississippi Valley
14-08-0001-21999

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

Goals

1. Perform research on the earthquake process in the New Madrid Seismic Zone to delineate the
active tectonic processes. 2. Perform more general research relating to the problems of the
eastern U. S. earthquake process and of the nature of eastern U. S. earthquakes compared to
western U. S. earthquakes.

Investigations

1. A reinvestigation of spectral scaling of earthquakes in the Central Mississippi Valley Seismic
zone is being initiated. Care will be taken to determine a corner frequency versus seismic moment
scaling which is obtained from vertical component Lg recordings that have been corrected prop-
erly for anelastic attenuation.

2. A theoretical study of the effect of local structure on Lg amplitude spectra shows that there is
little bias in seismic moment estimates using vertical component data but substantial bias using
horizontal component data when hard rock and Mississippi Embayment earth models are com-
pared.

Results

The following theses have been completed. Copies of the theses have been forwarded to the
External Program, Office of Earthquake, Volcanoes and Engineering, USGS at Reston, VA, Menlo
Park, CA. Copies have also been sent to the Branch of Engineering Geology, and Tectonics,
OEVE, USGS, Golden, CO.

Chulick, J. A. (1985). A comparison of My, to my, for large California earthquakes with scaling
considerations for strong ground motion, M. S. Thesis, Saint Louis University, 76pp.

Nguyen, B. V. (1985). Surface-wave focal mechanisms, magnitudes, and energies for some Eastern
North American earthquakes with tectonic implication, M. S. Thesis, Saint Leuis
University, 275pp.

Leu, P.-L. (1985). Magnitude corrections for the central Mississippi Valley seismic network, M. S.
Thesis, Saint Louis University, 162pp.

Shin, T.-C. (1985). Lg and coda wave studies of Eastern Canada, Ph. D. Dissertation, Saint Louis
University, 185pp.

The following papers have been submitted for publication or have been published:

Saikia, C. K. and R. B. Herrmann (1985). Application of waveform modeling to determine focal
mechanisms of four 1982 Miramichi aftershocks, Bull. Seism. Soc. Am. 75, 1021-1040.

Herrmann, R. B. (1985). An extension of random vibration theory estimates of strong ground
motion to large distances, "Letter to the Editor,” Bull. Seism. Soc. Am. 75, (in press).

Herrmann, R. B. (1985). Surface-wave studies of some South Carolina earthquakes, Bull. Seism.
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Soc. Am. 75, (in press).
Saikia, C. K. (1986). Wave form modeling of two earthquakes ( M ~ 1.1 ) of July, 1983 from
Miramichi aftershock zone, Bull. Seism. Soc. Am. 78, (in review).

Saikia, C. K. and R. B. Herrmann (1986). Determination of focal mechanisms of some earthquakes
at Monticello, South Carolina, and earth structure by waveform modeling, Geophys. J.

(in review).
Saikia, C. K. and R. B. Herrmann (1986). Moment-tensor solutions for three 1982 Arkansas swarm
earthquakes by waveform modeling, Bull. Seis. Soc. Am. 78, (in review).
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Tectonics of Central and Northern California
9910-01290
William P. Irwin

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

Investigations

1.

Continued preparation of a geologic map of Klamath Mountains and adjacent
areas, California and Oregon (scale 1:500,000), for purposes of tectonic
analysis of the region.

2. Compilation of the geology of the Redding 2-degree sheet, California
(scale 1:250,000), in cooperation with J. P. Albers and others. Field
work included reconnaissance of unmapped parts of Ironside Mountain
15-minute quadrangle to prepare map coverage suitable for compilation of
the Redding.sheet.

3. Paleomagnetic study to determine the rotational and translational
histories of the accreted terranes of northern California, in
collaboration with E.A. Mankinen and C.S. Gromme.

Results

During the report period, additional paleomagnetic work was done on the
Shasta Bally plutonic belt and on the Ironside Mountain batholith. Our
previous studies of the Klamath Mountains had indicated that the province
consists of two major subdivisions which we called the northeastern and
southwestern domains. Although the two domains are tectonically distinct,
the boundary between them is a rather vague and imprecise northwest-
trending zone. The paleomagnetic investigations previously reported are
based on studies in the northeast domain, excepting those made on Shasta
Bally batholith which lies along the boundary and may be in the southwest
domain. These previous investigations have shown that the Paleozoic and
pre-Cretaceous Mesozoic formations and plutons of the northeastern domain
generally show strong clockwise rotation. However, the Early Cretaceous
Shasta Bally batholith and related plutons show 1ittle or no clockwise
rotation (13°+14.3°). We interpreted this virtual cessation of rotation
to indicate the end of the tectonic accretion of the Klamath mountains to
the North American continent. Paleomagnetic results we had obtained on
the Great Valley overlap sequence at the south end of the province
(12.7°+17.8°), and those that are reported for Tertiary volcanic rocks of
the nearby southern Cascade Range (13.0°+8.6°), are remarkably similar to
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the results for the Shasta Bally plutonic belt. This strongly suggests
that the Klamath Mountains province, the northern Great Valley sequence,
and the southern Cascade Range rotated a small amount clockwise as a
single rigid block during middle or late Tertiary time.

As most of the paleomagnetic information on the Klamath Mountains is from
the northeast domain, we focused our most recent field work on the
southwest domain in an effort to establish whether the tectonic histories
of the two domains are similar. We core-drilled several widespread
localities along the length of the Ironside Mountain batholith, but
laboratory results from this latest sampling are not yet completed.

Reports

Irwin, W.P., 1985, Age and tectonics of plutonic belts in accreted terranes
of the Klamath Mountains, California and Oregon, in D.G. Howell, ed.,
Tectonostratigraphic terranes of the circum-Pacific region: Circum-
Pacific Council for Energy and Mineral Resources, Earth Science Series,
no. 1, p. 187-199.

Blome, C.D., and Irwin, W.P., 1985, Significance of equivalent radiolarian
ages from ophiolitic terranes of Cyprus and Oman: Geology, v. 13,
p. 401-404.

Irwin, W.P., 1985, Reconnaissance geologic map of the Hyampom quadrangle,
Trinity and Hummboldt Counties, California: U.S. Geological Survey,
Miscellaneous Field Studies Map MF-1809, scale 1:62,500.

Irwin, W.P., Yule, J.D., Court, B.L., Snoke, A.W., Stern, L.A., and Copeland,
W.B., 1985, Reconnaissance geologic map of the Dubakella Mountain
quadrangle, Trinity, Shasta, and Tehama Counties, California: U.S.

Geological Survey, Miscellaneous Field Studies Map MF-1808, scale 1:62,500.

Mankinen, E.A., Gromme, C.S., and Irwin. W.P., 1985, Paleomagnetic constraints
on the accretionary history of the Klamath Mountains province, California
and Oregon [abs.]}: Eos (American Geophysical Union, Transactions), in
press.
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Postglacial uplift in northeastern United States
9510-3207

Carl Koteff
U.S. Geological Survey
National Center, MS 928
703/860-6503 FTS 928-6503

INVESTIGATIONS

Field investigations were conducted in coastal Maine and ad joining New
Brunswick, Canada, this past half year. Glacio-marine deltas that were
constructed at the retreating ice margin into the transgressing sea were
examined, and several precise altitudes of the former sea level were obtained
at the topset/foreset contact of these deltas. This method has been shown to
be a very accurate way to depict former water levels in both lacustrine and
marine environments. Much of the work this past field season was done in
cooperation with the Maine Geological Survey, and in part helped to refine
their previous studies. The age of the marine deltas in Maine range from
about 14,000 B.P. in the southwestern part of the state to about 13,000 B.P.
in the eastern part and in New Brunswick. Beach deposits formed during offlap
were also examined. These features date from about 13,000 B.P. and younger,
constructed after the rate of uplift exceeded the rate of sea level rise.
Late glacial deposits inland from the marine limit were also examined to
establish their relationship to the deglacial pattern.

RESULTS

The systematic nature of ice retreat (morphosequence concept) is now
demonstrated by both the marine features and inland glacial deposits.
Previously, regional stagnation was thought to be the prevalent mode of
deglaciation that followed systematic ice retreat in the marine areas. This
is important in establishing an uplift isobase model that has not been
complicated by either major ice readvances (there were none) or a lingering
regional stagnating ice mass. However, it appears that there are varying ages
for retreatal ice-marginal positions, which were controlled by local
topography as well as the presence of a local active ice cap in northern Maine
and the Maritime Provinces of Canada. During the 14,000-13,000 B.P. time span
represented by these ice-marginal positions, the postglacial uplift rate
increased rapidly. Thus, the uplift isobases in southwestern Maine appear to
be evenly spaced, with a relatively steep gradient (about 0.9 m/km up to the
north northwest) which is similar to that established in the Connecticut
Valley region of western New England; in eastern Maine however, the uplift
isobases appear to be irregular and perhaps more broadly spaced. The
combination of more rapid uplift about 13,000 B.P. and ice marginal positions
closely controlled by local topography in eastern Maine may be a more
reasonable solution to the irregular isobases there than suggestion that
neotectonics was involved. More detailed field work along the coast in
southwestern Maine, eastern New Hampshire, and eastern Massachusetts is
planned to confirm this pattern.
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REPORTS
Koteff, Carl, and Larsen, F. D., 1985, Postglacial uplift in the Connecticut
Valley, western New England, (abs.): Geological Society of America
Abstracts with Programs, v. 17, p. 29.

Koteff, Carl, and Larsen, F. D. (in press), Postglacial uplift in western New
England: Evidence for delayed bedrock rebound. Quaternary Research.
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Seismological Field Investigations
9950-01539

C. J. Langer
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 236-1593

Investigations

l. Guinea, West Africa, earthquake —— local investigation of aftershocks
resulting from M, = 6.2 earthquake of December 22, 1983.

2. Borah Peak, Idaho, earthquake —— local investigation of aftershocks
resulting from My = 7.3 earthquake of October 18, 1983.

3. Western Argentina (Caucete) earthquake —— local investigation of
aftershocks resulting from M; = 7.4 earthquake of November 23, 1977.

4. Western Argentina (Sierra Pie de Palo region) velocity model —-
development of a P-wave velocity structure and station corrections.

5. Alpine, Wyoming, earthquake sequence —— local investigation of seismicity
related to August, 1985 M = 4+ earthquakes.

6. North Yemen earthquake —— local investigation of aftershocks related to
the M, = 6.0 earthquake of December 23, 1982.

Results

1. Aftershocks of the Guinea, West Africa, earthquake show a system of three
en echelon faults with a predominant right—lateral strike—slip motion. The
complete draft of the manuscript "Aftershocks and surface faulting associated
with the intraplate Guinea, West Africa, earthquake of December 22, 1983",
reporting on the above results, has cleared internal review. It requires
some, but not serious, revision before submittal to the BSSA.

2. A first draft of the manuscript "Tectonic aspects of the Willow Creek
Hills Barrier: Aftershocks of the 1983 Borah Peak, Idaho, earthquake” is
well underway (currently 48 pp including tables and illustrations). It will
be included in the Borah Peak Bulletin edited by Bucknam and Stein.

3. A paper describing the aftershocks of the 1977 western Argentina
earthquake was accepted for publication in August 1983 in the BSSA, subject to
revision. It has finally been revised resulting in considerable

improvement. The manuscript will be resubmitted to the BSSA after some final
tweaking by the authors.
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4. The manuscript giving details of how a velocity model was developed to
locate aftershocks of the 1977 western Argentina earthquake has been totally
rewritten. It has gone in for Branch Chief approval before being published as
a USGS bulletin.

5. Preliminary locations of 14 earthquakes in a near north-south zone about
20 km long and 8 km wide and with depths between about 5 and 15 km have been
located about 10 km east of Alpine, Wyoming. The above seismicity occurred
during a four—day period in mid-September and was located by data from a nine-
station temporary network of seismographs.

6. The first draft of a manuscript titled "Aftershocks of the December 13,
1982, North Yemen earthquake: conjugate normal faulting in an extensional
near plate margin setting” is almost complete. Except for some drafting and a
little more work on interpretation, it is ready for review.
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Northeastern Seismicity and Tectonics
9510-02388

Nicholas M. Ratcliffe
U.S. Geological Survey, MS 925
Reston, Virginia 22092
(703) 860-6406

and
John K. Costain
R. M. D'Angelo

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

INVESTIGATIONS

Interpretation of VIBROSEIS reflection profiles of Ramapo seismic zone in
New Jersey and eastern Pennsylvania.

Geologic mapping along VIBROSEIS profiles in New Jersey and Pennsylvania,
and characterization of reflectors in basement rocks.

Core drilling of border faults of Newark basin in eastern Pennsylvania and
p wave velocity determinations of fault zone rocks.

RESULTS

A 15 km-long 12 and 24 fold VIBROSEIS profile across the northwestern
margin of the Newark basin (fig. 1) and adjacent Musconetcong thrust
system in eastern Pennsylvania shows a gentle prominent reflection dipping
30° south at the basin margin (B in fig. 2). Reflectors in a 0.5 km thick
zone in the footwall block, beneath and parallel with the Mesozoic border
fault, correspond with the updip projection of the Musconetcong thrust of
Drake and others, 1967 (M in fig. 2).

Continuous core from a 1,000 ft hole in gneiss of the footwall block
(location 1, fig. 1) and field studies document fault intercalation of
mylonitic middle Proterozoic gneiss and Cambrian dolostone in homoclinally
southeast-dipping imbricate thrust faults in the zone of reflections in
basement rocks.

Measurements of p wave velocity and density of cores of mylonitic gneiss
and dolostone and on their nonmylonitized protoliths, from 0 to 9000 psi
reveal marked changes in velocity ranging from 6.7 km/sec for nonmylonitic
dolostone to 4.5 km/sec for phyllonitic mylonite derived from gneiss.
Normal incidence reflection coefficients calculated for interfaces between
gneiss, dolostone, and their mylonitic counterparts are sufficiently large
(.127 to .105) to account for the prominent reflectors seen in the
imbricate thrust faultled footwall block beneath the Newark basin border
fault.
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4, Two continuously cored holes across the border fault of the Newark basin
(location 2, fig. 1) on the VIBROSEIS section were completed in June
1985. The results, summarized in figure 3, confirm the gentle 27° and 34°
dips for faults at basin margin seen in the VIBROSEIS data.

5. The results cited above: (1) confirm gentle dips for the border fault of
the Newark basin in eastern Pennsylvania and suggest strongly that
reactivation of Paleozoic thrust faults controlled formation of the
Mesozoic extensional faults and (2) indicate that mylonitic rocks
associated with Paleozoic thrust faults west of and beneath the Newark
basin have sufficiently large reflection coefficients to be reflectors in
VIBROSEIS data. These results will be helpful in the interpretation of
similar reflectors present in basement rocks in our other VIBROSEIS
profiles of the Ramapo seismic zone.

REPORTS

D'Angelo, R. M., 1985, Correlation of seismic reflection data with seismicity
over the Ramapo, New Jersey, fault zone: M.A. thesis, Virginia
Polytechnic Institute and State University, 82 p.

Ratcliffe, N. M., and Burton, W. C., 1985a, Fault reactivation models for
origin of the Newark basin and studies related to Eastern U.S. seismi-
city, in Robinson, G. P., and Froelich, A. J., eds., Proceedings of the
Second U.S. Geological Survey Workshop on the Early Mesozoic basins of
the Eastern United States: U.S. Geological Survey Circular No. 946,

p. 36-45.

Ratcliffe, N. M., and Burton, W. C., 1985, Preliminary results of core
drilling of the Triassic border faults near Riegelsville, Pennsylvania:
U.S. Geological Survey Open-File Report No. 85-573, 23 p.

Rateliffe, N. M., D'Angelo, R. M., Costain, J. K., and Burton, W. C., in
press, Low-angle extensional faulting, reactivated mylonites and seismic
reflection geometry of the Newark basin margin in eastern Pennsylvania:
(submitted to Geology).

Ratcliffe, N. M., Vidale, Rosemary, and Burton, W. C., 1985, Ordovician
ductile deformation zones in the Hudson Highlands and their relationship
to metamorphic zonation in cover rocks of Dutchess County, New York: in
Tracy, R. J., ed., New England Intercollegiate Geological Conference,
77th Annual Meeting, Guidebook for field trips in Connecticut and
adjacent areas of New York and Rhode Island, p. 25-60.
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Basement Tectonic Framework Studies
Southern Sierra Nevada, California

9910-02191
Donald C. Ross

Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2341

Investigations

1.

1.

Field studies of plutonic and metamorphic rocks along the eastern Sierra
Nevada front from State Highway 178 (Freeman Canyon) north to the Little
Lake area.

Synthesis of petrographic data for the metamorphic rocks of the southern
Sierra Nevada between lat 35°30' and 36°00' north.

Results

Field studies in May 1985 delineated the southern and eastern limits of a
large body of relatively mafic plutonic rock that is the probable
extension of the "Sacatar" body that Miller and Webb (1940) described on
the Kern Plateau to the west. These plutonic rocks are intruded by
numerous fine-grained mafic dikes (spessartite lamprophyre and
microdiorite), which are probably part of the Independence dike swarm
(Moore and Hopson, 1961) that has been dated as about 148 m.y. (Chen and
Moore, 1982). The dike swarm thus provides a datable "horizon" and
enables the subdivision of the Cretaceous from the Jurassic plutons.
This new mapping has now delineated two large probably Jurassic plutons
that extend as far south as Walker Pass along the eastern front of the
Sierra Nevada. Mafic scraps somewhat further south may also be Jurassic
remnants. Rb-Sr studies of these two bodies are now underway by R.W.
Kistler (Branch of Isotope Geology).

Preliminary study of samples and thin sections of an unusual gray
gneissic rock along the southwest side of a long northwest-trending roof
pendant of metasedimentary rocks south of Indian Wells Canyon suggests
that the gneissic rocks may reflect a significant old (Mesozoic?) shear
zone. The gneissic rocks, at least in part, are strongly deformed, but
now rehealed and recrystallized granitic rock. The probable shear zone
is "eaten through" by a felsic granitic body, which if dated, would place
an upper limit on the age of the shearing.
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3. The metamorphic rocks of the southern Sierra Nevada from lat 35°30' to
36°00' north can be grouped into four belts of somewhat related roof
pendants. An eastern belt consists of generally thinly layered schist,
pure to impure quartzite, with lesser, but locally conspicuous, layers of
carbonate rocks. These metasedimentary rocks are reminiscent of some of
the Paleozoic rocks of the Cordilleran miogeocline, but they contain an
Upper Triassic-Lower Jurassic fossil locality. A strongly contrasting
central belt consists largely of massive to thickly bedded, largely
unsorted, rapidly deposited, gramule quartzite, and lesser highly
argillaceous schist. Also characteristic of this belt is metavolcanic
rock, including abundant ash flow tuff layers. A western belt of
pendants is much like the eastern belt and would probably not be easily
distinguished without the presence of the central belt. On the far west
side of the batholith some, as yet only cursorily examined, roof pendants
appear to contain more schist, and less quartzite and calcareous layers
than the western belt.

Reports
Sims, J.D., Ross, D.C., and Irwin, W.P., 1985, Tectonic framework of the

Parkfield-Cholame area, central San Andreas fault zone, California:
Geological Society of America Abstracts with Programs, v. 17, p. 718.
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Detailed Geologic Studies, Central San Andreas Fault Zone
9910-01294

John D, Sims
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2252

Investigations

1.

Field investigations of structural and stratigraphic relationships between
late Cenozoic sedimentary units and underlying Franciscan and late Creta-
ceous units in the Parkfield-Cholame-Coalinga area of the southern Diablo
Range.

2. Field investigations of Holocene and historic slip rates in the Parkfield-
Cholame area.

Results

1. The final editing and construction of geologic maps of the San Andreas

Fault Zone in the Parkfield, Cholame Hills, The Dark Hole, Cholame Valley
and Tent Hills 7 1/2 -~ minute quadrangles was completed. The maps reveal
the structural complexity of the area and illustrate that several (three)
strands of the San Andreas have been active at different times. 1In the
Parkfield area the complex movement history is evidenced by the relative
position of a slice of Miocene volcanic rocks with the hornblende gabbro
of Gold Hill., The volcanic rocks, the Lang Canyon volcanics, are corre-
lated with the Pinnacles-Neenach volcanics. The gabbro of Gold Hill is
correlated with the Logan-Eagle Rest Peak gabbro. 1In a palinspastic res-
toration the Eagle Rest Peak gabbro is 55 km NW of the Neenach Volcanics
in the San Fnidgio and Tehachipi Mountains. This relative position and
distance is maintained between the Pinnacles volcanics and lLogan Gabbro in
the northern Gabilan Range., However, in the Parkfield area the relative
position is reversed and the lang Canyon volcanics lie 16 km NW of the
gabbro of Gold Hill, This reversed position requires the movement of two
different fragments of the Neenach volcanics. Such movement is accom-
plished by the first fragment, the Pinnacles mass, moving northwest about
95 km, at which time active faulting was transferred eastward and a second
fragment separated fram the Neenach volcanics, the Iong Canyon volcanics,
The Pinnacles and Lang Canyon volcanics maintained a constant 95 km dis-
tance as the Pacific plate moved NW to its present position.,

Petrographic analysis of framework grains in sandstones of the Mio-
cene Temblor Formation of central California and in underlying and overly-
ing rocks of Focene and late Miocene age reveal a sudden influx of volcan-—
ic material into a sequence of quartzo-feldspathic sandstones, The
quartz- and feldspar-rich sandstone of Focene and Miocene age in the
southern Diablo range and the Coalinga region consistently contains less
than 5 percent volcanic detritus. However, intervals in the Temblor For-
mation of early Miocene (upper Saucesian to upper ILuisian) age at Reef
Ridge, the Kettleman Hills and Coalinga Anticline contain up to 46 percent
volcanic detritus. Volcanic detritus is absent in sandstones of the Tem-
blor Formation in the Cholame Hills which is probably of Lower Saucesian
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age. The fresh volcanic material, apparently derived from the same mafic
source area, appears in the Temblor Formation at differemt time-strati-
graphic horizons separated by about 1.5-2.5 m,y. over a distance of 40 to
50 km, Facies relationships, paleocurrent data, and paleogeography indi-
cate that the volcanic source area was west of the present trace of the
San Andreas Fault, and not a Sierran source as proposed by others. Paleo-
geographic interpretation of the provenance data suggest a volcanic source
west of the present Temblor Range moved to a more northerly position dur-
ing Late Saucesian time, implying that right-lateral movement in central
California began at about 16 m,y. The volcanism is perhaps related to the
northward migration of the Mendocino triple junction. Constraints as the
source of the volcanic detritus are: 1) andesitic volcanism in the Sierra
did not begin until late Miocene, 2) the presence of a bathyl to abyssal
basin in the San Joaquin Valley requires Sierran detritus to be trans-
ported around the margins of the basin to the Coalinga array, 3) the early
Miocean Valley Springs Formation to the north of Coalinga contains no
fresh volcanic detritus, 4) granitic, sedimentary and metamorphic detritus
was consistently supplied fram the Salinian block fram Eocene to Late
Miocene time,

2. The history of slip for three sites in the Parkfield area were recon-
structed with J.J. Lienkaemper and W.H. Prescott using data fran creep
meters, aligmment arrays, short-range geodetic networks and offset cultur-
al features. The fence near Water Tank, 3.1 km north of Highway 46, has
been offset 69+3 cm since its construction in 1908. 1If the slip in the
1922, 1934, and 1966 events was the same and the interseismic rate of slip
was constant, the data imply that coseismic slip is 15 cm per event and
the rate of slip between events was 0.33 cm yr‘l. The offset of the
Parkfield bridge is 126+2 cm since 1932, Geodetic surveys of a 1.6-km-
long low—-angle line that crosses the San Andreas fault at a low angle give
an interseismic rate of 0.78£0.06 cmn yr~l for the interval 1974-1985.
Together these data suggest 42 cm of slip per event., A fence on the Clas-
sen ranch, on Middle Mountain, indicates 1063 cm of slip since 1944.
Nearby aligmment arrays give an interseismic rate of 2.26 cm yr~—; and the
data imply 17 cm of slip for the 1966 event.

Reports
Sims, J.D., Perkins, J.A., Wray, M.J., , Offset Late Holocene deposits in
trenches across the San Andreas Fault at Parkfield, California: U.S.

Geological Survey Open-File Report.

Perkins, J.A., and Robinson, S.W., , Uncertainty inherent in the applica-
tion of radiocarbon dating to slip-rate studies: Seismological Society of
America Bulletin.

Perkins, J.A., Sims, J.D., Sturgen, S.W., and Wray, M.S., , Late Holocene
deposits in trenches across the San Andreas Fault at Melendy Ranch, San
Benito County, California: U.S. Geological Survey Open-File Report.

Sims, J.D., Ross, D.C., and Irwin, W.P., 1985, Tectonic Framework of the Park-
field-Cholame area, central San Andreas Fault zone, California: Geologi-
eal Society of America Abstracts with Programe, v. 17, p. 718.

Sims, J.D., , Geologic methods for the interpretation of paleoseismicity:
Seiemol ogiedl Society of America Bulletin.
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INTEGRATED STUDIES OF EARTHQUAKE SOURCE ZONE CHARACTERISTICS, HAZARDS, AND
PREDICTION IN THE WASATCH FRONT URBAN CORRIDOR AND ADJACENT
INTERMOUNTAIN SEISMIC BELT

14-08-0001-21983

R.B. SMITH, W. J. ARABASZ, and J.C. PECHMANN*
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801)581-6274

Investigations

1. Moment-magnitude relations in the Utah-Idaho region and stress drop-
versus-moment behavior.

2. Waveform analysis of preshock-mainshock-aftershock sequences in Utah.

3. Kinematics of Great Basin intraplate extension,

4, Three-dimensional velocity structure of the 1983 Borah Peak, Idaho,
earthquake area.

5. Seismicity of the Hansel Valley-Pocatello Valley area along the Utah-
Idaho border.

Results

1. Moment-magnitude (M _-M ) data for the southern Intermountain seismic
belt (ISB) have beenoinbestigated along with stress-drop versus seismic-
moment behavior for the corresponding earthquakes, following the analysis
of Hanks and Boore (1984). Using P-wave spectra, a M -M, relation of
1ogMo = 0.99M, +17.8 was determined for the magnitude range 8f E.5=<M < 5.0
from® a set bf 16 earthquakes in the southern ISB during 1981-1985 FFigure
1). Seismic moments were determined from a suite of 36 stations of the
University of Utah seismic network that were calibrated indirectly using
spectra of deep focus teleseismic earthquakes. The calibration was checked
by comparison of moment values for 24 Borah Peak, Idaho, aftershocks (logM
from 19.6 to 23.4) with those determined independently by Boatwrighg
(1985). The slope of 0.99 is similar to that of the relation log Mo =
1.1M +18.4 of Doser and Smith (1982), determined for an independent set ~of
evenks in the range 3.7 <M < 6.0. In contrast, M -M, relations for Cali-
fornia in this magnitude rahge, such as the relatiof 159 M = 1.5M +16.0
for 3.5 < M, 7.0 of Thatcher and Hanks (1973; see also ﬁakun,1984&, are
generally stekper in slope than those for Utah. Slopes near unity are gen-
erally limited to smaller magnitudes for California events. This is a
reflection of the essential non-linearity of MO-ML relations (Hanks and
Boore, 1984).

Stress drops determined from P-wave pulse durations are basically con-
stant with increasing Mo’ whereas those determined from P-wave corner fre-
quencies are affected by a non-instrumental frequency band limitation

*Graduate students J.F. Peinado, P.K. Eddington, L.L. Leu, and
G.J. Chen also contributed significantly to this project
during the report period.
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(similar to an f-max effect) causing an apparent increase of stress drop
with moment. Such a band limitation is used to explain the persistence of
the shallow slope (0.99) in the Mo'ML relation to higher magnitudes in the
Intermountain seismic belt.

2. Cross correlations of filtered waveforms for closely-spaced local
earthquakes can be used to place strong constraints on their relative loca-
tions under the assumption that events producing very similar waveforms
occur within one quarter of the shortest wavelength for which the similar-
ity is observed (Geller and Mueller, 1980). Tests wusing digital seismo-
grams of quarry blasts with known locations, recorded by the University of
Utah seismic network, support this “quarter wavelength" hypothesis. The
waveform cross-correlation technique was applied to earthquakes during
1981-83 within 20 km of 1) an M 4.3 mainshock near Salt Lake City, Utah,
on October 8, 1983, and 2) En M, 4.0 mainshock that occurred on May 24,
1982 near Richfield, Utah. No unusha] seismicity was observed prior to the
Salt Lake City event during the time period studied. However, a cluster of
4 preshocks within 80-100m of each other, possibly representing the failure
of a critical asperity, was observed 5 km NW of the Richfield event during
a four-hour period ten months before the mainshock.

The aftershocks studied in both regions during the first 15 days after
the mainshock occupy areas smaller than the rupture areas estimated for the
mainshocks using the method of Frankel and Kanamori (1983). Both aft-
ershock sequences showed a spatial migration of the initial events that
could only be discerned from the waveform data. One possible explanation
for this migration could be propagating stress changes caused by either the
occurrence of the aftershocks themselves or else by some other process.
Stress drop estimates of 1-2 bars and 2-6 bars were calculated for the Salt
Lake City and Richfield mainshocks, respectively.

3. Strain rates assessed from brittle deformation associated with earth-
quakes have been compared to estimates of total brittle-ductile deformation
for the intraplate Great Basin of the western United States. Strain and
deformation rates were determined by the seismic moment tensor method using
historic seismicity and fault plane solutions. By subdividing the Great
Basin into areas of homogeneous strain it was possible to examine regional
variations in the strain field. Contemporary deformation of the Great
Basin occurs principally along the active seismic zones: the southern
Intermountain Seismic Belt -- 4.7 mm/yr maximum deformation rate, the
Sierra Nevada front -- 28.0 mm/yr maximum deformation rate (including a
large contribution from the 1872, M8.3 Owens Valley earthquake), and the
west-central Nevada seismic belt -- 7.5 mm/yr maximum deformation rate.
The earthquake-related strain shows that the Great Basin 1is characterized
by regional E-W extension of 8.4 mm/yr in the north that diminishes to NW-
SE extension of 3.5 mm/yr in the south (excluding the Owens Valley earth-
quake zone). These rates compare very well with the Great Basin opening
rate of <9 mm/yr estimated by Jordan et al. (1985) from satellite geodesy
and plate motion models. This result implies that most of the extension
takes place by brittle fracture during earthquakes.

4, A geotomographic inversion method was used to derive the three-

dimensional P-wave velocity distribution of the 1983, M_ 7.3 Borah Peak,
Idaho, earthquake aftershock zone from local earthquake daﬁa. A data set
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of 3,963 P-wave travel-times from 260 earthquakes recorded by 72 stations
with more than 6 recordings per station have been selected from the approx-
imately 400 aftershocks. The velocity inversion used 220 discretized
blocks in a seven layer-block configuration.

The results (Figure 2) suggest the presence of low P-velocity material
west of the main surface break. A low velocity body with reductions of P-
velocity up to 0.3 km/s, compared to a one-dimensional layered model, has a
map projection which is elongated and parallel to the surface fault., The
zone is 4-8 km wide and extends from near-surface to about 10 km--roughly
centered on the main fault plane that ruptured during the mainshock (rup-
ture nucleation was at 16 km depth). The low velocity body extends well
below the sedimentary layer and may represent a highly deformed volume or
it may represent a dilatant body developed in response to deformation asso-
ciated with large pre-historic events. Because of the small magnitude of
the velocity changes, however, these results must be considered preliminary
pending further testing with different starting velocity models.

5. The Utah-Idaho border region north of the Great Salt Lake is one of the
most seismically active areas of Utah. Large historic earthquakes in this
region include the 1934, M, 6.6 Hansel Valley earthquake (with 0.5 m of
surface displacement) and the 1975 M, 6.0 Pocatello Valley earthquake,
Over 1600 earthquakes which occurred in this region during 1962-1963 were
relocated by applying a master event technigue to phase data from the
University of Utah seismic network. Initial station delays were derived
from a master event located by a dense 50-station temporary array (Coopera-
tive Univ. of Utah-MIT special study, 1983). These delays were used to
relocate five other nearby earthquakes that served as secondary master
events,

The relocated epicenters show systematic shifts relative to the cata-
log epicenters of up to 5-10 km in some areas. However, the regional
seismicity pattern is similar to the original pattern seen in the catalog
data--an inverted "Y" pattern centered on the Utah-Idaho border. A concen-
tration of earthquakes trending northward from the state border includes
aftershocks of the 1975 Pocatello Valley earthquake. Zones of activity
extending SW and SE from the border began to develop several months after
the 1975 main shock. The SW-trending zone encompasses the historically
active Hansel Valley fault at the northern end of the Great Salt Lake.
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