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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0257

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

Investigations

This semi-annual Technical Report Summary covers the six-month period
from 1 October 1986 to 31 March 1987. The Cooperative Agreement's purpose is
the partial support of the joint USGS-Caltech Southern California Seismo-
graphic Network, which is also supported by other groups, as well as by direct
USGS funding to its own employees at Caltech. According to the Agreement, the
primary visible product will be a joint Caltech-USGS catalog of earthquakes in
the southern California region; quarterly epicenter maps and preliminary
catalogs have been submitted as due during the Agreement period. About 250
preliminary catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were
located during the six-month recording period. This was a relatively quiet
period, and the preliminary data processing is virtually complete. Some of
the seismic highlights of this period were:

Number of earthquakes fully or partially processed: 4731

Number of earthquakes of M = 3.0 and greater: 138

Number of earthquakes of M = 4.0 and greater: 6

Number of earthquakes of M = 5.0 and greater: 2

Largest event within network area: M = 5.4 (7 February, Cerro Prieto area
of northern Baja California, Mexico)

Number of earthquakes reported felt: 40

Number of earthquakes for which systematic telephone notification to
emergency-response agencies was made: 4

During the first part of the reporting period, aftershocks from the
three July 1986 sequences continued at a high level. Aside from these three
areas (Fig. 1), the activity was very typical of long-term southern California
seismicity. The first three months of 1987 were relatively quiet, although
occasional aftershocks continued.

The events of magnitude 4.0 and greater were as follows:

1 October M = 4.0 Aftershock of 13 July Oceanside shock

9 October 4.3 Aftershock of 21 July Chalfant Valley shock
15 October 4,7 Aftershock of 8 July North Palm Springs shock
29 October 4.1 South of San Diego

7 February 5.4 Northern Baja California, Mexico

14 February 5.1 Coalinga area
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The 9 October event in Chalfant Valley and the 14 February event near
Coalinga occurred outside of our official coverage area but have been included
in the catalog nevertheless. Notification calls were not made for these
events.

Data processing efforts continued in an effort to finish the backlog
created by the July 1986 sequences. By the end of the reporting period, all
of 1986 data except that for September had undergone preliminary processing.
This routine analysis includes interactive timing of phases, locations of
hypocenters, calculations of magnitudes, and preparation of the final catalog
using the CUSP analysis system. A 6-week backlog in November and December
1985, created during a switch of computer systems, remains to be cleared up.

This 6-month reporting period saw the transfer of about 407 of the
network from leased telephone-line telemetry to a USGS-operated microwave
system. It remains to be seen what effect this change may have on the
recording and processing of array data.
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Regional Seismic Monitoring Along The Wasatch Front Urban
Corridor And Adjacent Intermountain Seismic Belt

14-08-0001-A0265

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

Investigations

This contract supports "network operations" (including a computerized
central recording laboratory) associated with the University of Utah's 80-
station regional seismic telemetry network. USGS support focuses on the
seismically hazardous Wasatch Front urban corridor of north-central Utah
but also encompasses neighboring areas of the Intermountain seismic belt
(ISB) . Primary products of this USGS contract are quarterly earthquake
catalogs and a semi-annual data submission, in magnetic-tape form, to the
USGS Data Archive.

Results

1. Network Seismicity

Figure 1 shows the epicenters of 273 earthquakes (ML < 3.7) located in
part of the OUnive sity of Utah st area designated the "Utah region"
(lat. 36.75 -42.5°N, long. 108.75°-114.25W) during the six-month period
October 1, 1986 to March 31, 1987. The seismicity includes eleven shocks
of magnitude 3.0 or greater, several areas of spatial clustering, and ten
felt events. The epicenters shown in Figure 1 reflect typical earthquake
activity scattered throughout Utah's main seismic region.

The two largest earthquakes during this time period, both 3.7,
occurred on February 25 and March 5, 1987, and were located respectively 42
km WNW of Logan in northern Utah and 90 km west of Vernal in eastern Utah.
The northern earthquake was reported felt 17 km away in Tremonton, Utah,
and other areas of Box Elder County. Three felt earthquakes of about the
same magnitude originated in the same source area on October 29, October
31, and December 31, 1987. The March 5 earthquake was felt in areas in and
about Duchesne within the Uinta basin.

The source zone of the February 25 shock near Tremonton became active
at the end of September 1986, and it generated 78 locatable earthquakes
during the report period, including four felt events and five events
greater than magnitude 3.0. As part of a special study of this source zone
undertaken jointly by the University of Utah Seismograph Stations and the
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Utah Geological and Mineral Survey, three temporary telemetry stations were
recently installed within 5 km of the localized source.

2. Special Aftershock Study

Figure 2 illustrates results of a special study of an earthquake
sequence (M. < 4.4) that occurred March 24-31, 1986, in the vicinity of
late Quaterhary fault scarps in Japanese Valley near the southern end of
the Wasatch fault (Brown et al., 1986). A total of 47 earthquakes were
located using the permanent regional network and an 8-station portable
array deployed March 26-31. The data typify the problematical correlation
with first-order faults. Although epicenters cluster in the vicinity of
the Japanese Valley graben (Figure 2a), foci are scattered in cross section
and do not define a single rupture plane (Figure 2b). Eight single-event
focal mechanisms, including that for the main shock (Figure 2c), imply
oblique normal slip on planes of moderate dip. The seismicity predominates
above a regional detachment, consistent with a working hypothesis (Arabasz
and Julander, 1986, GSA Spec. Paper 208) that background seismicity in
central Utah is primarily located in the shallow upper crust. Of three
fault geometries considered, that involving an antithetic fault system with
the main shock rupture fault dipping westward is most consistent with the
observations-—assuming that seismicity did not occur entirely on secondary
fractures not simply expressed in the surface geology.

Reports and Publications

Brown, E.D., Utah earthquake activity, Wasatch Front Forum, v. 3, no. 1, p.
6, 1986.

Brown, E.D., Utah earthquake activity, April through June, 1986, Survey
Notes, v. 20, no. 2, p. 10, 1986.

Brown. E.D., W. J. Arabasz, I. Bjarnason, and K. Quigley, The March 1986 ML
4.4 Japanese Valley, Utah, earthquake sequence: A type-case study
for central Utah, BEOS Trans. Am. Geophys. Union, v. 67, no. 44, p.
1107.
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Seismological Data Processing
9980-08854

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

Data processing, mathematical modeling, electronic communications, and word-
processing, using digital computers are now an integral part of seismological research.
The purpose of this project is to provide for general purpose and specialized computer
systems required by the branch of Seismology and its research collaborators. Some sys-
tems are required to meet general computing needs of scientists in the earthquake
prediction program. Other specialized systems monitor earthquakes in northern and
central California in real-time around the clock or perform specific data acquisition
and processing tasks. Lately, there is an increasing need for networking facilities to
transfer data, programs, and electronic mail between computers. The project goals
have thus expanded to include addressing these networking needs.

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

Recent work has focused on five main efforts. The first is enhancing performance
of the VAX 750 system to handle increased waveform data anticipated as a result of
the Parkfield Prediction Experiment. The second is migrating users and real-time mon-
itoring functions from the PDP 11/70 UNIX system to the new Integrated Solutions
Motorola 68020 UNIX system. The third is networking the VMS VAX systems and
the UNIX systems on ethernet. The fourth is planning for uninterrupted data process-
ing and real-time monitoring while asbestos is removed from the beams in the build-
ing. The fifth is conversion of the existing terminal communications lines to the newly
installed voice and data phone system.

Results

The effort to enhance the performance of the VAX 750 VMS system is nearly
completed. Additional memory and more efficient terminal communication devices
were installed. Additional disk space totaling 1.1 billion bytes was also installed.
Further efforts will focus on enhancing the processor either by adding third party
hardware or by purchasing another VAX.

The migration of users and programs from the PDP 11/70 UNIX system to the
Integrated Solutions system is nearly complete. At this point about 75 percent of the
users and programs have been moved. The system is still performing very well under
this load with an average of six simultaneous users. A laser printer was purchased for
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the system and software which formats equations, tables, text and graphics for output
to the printer was installed. Output destined for the printer may be previewed on the
graphics monitor before printing. It is anticipated that the PDP 11/70 system will be
retired within the next six months.

The networking of the VMS VAX systems and the UNIX systems is complete.
From the VMS VAX 785, VMS VAX 750, and the two new Seismology and Tectono-
physics UNIX systems, users may request a connection and login via Ethernet to the
other systems. File transfers may also be requested to or from a remote machine. In
the next month, an electronic mail facility which will provide electronic mail between
the UNIX and VMS systems via the Ethernet will be installed. Other future plans
include integrating the two UNIX systems to allow transparent remote file access
between the two systems, and incorporating various personal computers into the net~
work.

The removal of asbestos from the computer room ceiling is close to completion.
Work on the rest of the building will continue for the next seven months. This project
is providing terminal connections as needed to computer users displaced by the work.

Installation of the new data and voice phone system is in progress. Migration of
the existing terminal communications lines to the new phone system will be completed
in the next few months.

10
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Earthquake Prediction Research in the Anza-Coyote Canyon Gap
14-08-0001-21295

Jonathan Berger
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 02193
(619) 534-2889

We have been developing a number of new spectral analysis techniques to
apply to high frequency seismic records. The large dynamic range digital record-
ings from the three component instruments in the Anza Telemetered Seismic
Array have provided data which is of high enough quality to warrant the use of
these more sophisticated methods of analysis. Records from the Anza array have
therefore been used in our investigations.

The methods which we have been developing are all based on the use of
several orthogonal data tapers which minimize spectral leakage (originally sug-
gested by D. J. Thomson, Spectral estimation and harmonic analysis, Proc. IEEE,
Vol. 70, No. 9, 1982). As using several orthogonal data tapers makes fuller use of
the data, multiple taper spectral estimation is superior to conventional single taper
spectral analysis, especially when applied to short record segments containing tran-
sient signals such as seismic phases.

A segment of the record is multiplied by several orthogonal data tapers, creat-
ing several time series from one piece of data. A discrete Fourier transform is
applied to each of these tapered time series, creating several "eigenspectra". These
eigenspectra are recombined to form more reliable estimates of the true spectrum.
Our comparisons of the method with conventional single taper analysis indicate
that this multiple taper analysis allows one to more accurately estimate the seismic
source spectrum, along with its major features such as corner frequency and
seismic rolloff.

We have also formed a multitaper estimate of the spectral density matrix of a
given record segment. Analysis of the eigenstructure of this matrix allows us to
estimate the polarization as a function of frequency for the wave motion recorded
by the three-component seismometers in the Anza array. Preliminary analysis sug-
gests that geological structure in the neighborhood of each instrument strongly
contributes to the character of the polarization seen at each site. This promises to
be a powerful method for extracting more detailed information from seismic
records.

11
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Central Aleutian Islands Seismic Network

Agreement No. 14-08-0001-A0259

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

(303) 492-6042

Brief Description of Instrumentation and Data Reduction Methods

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

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

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

Data Annotations

A major earthquake (Mg 7.6) occurred immediately to the east of the net-
work coverage area on May 7, 1986 (at 22:47). Thousands of aftershocks of that
earthquake occurred within the network coverage area. At the time of this writ-
ing, the local catalog of hypocenters is still incomplete for the immediate time
period following the mainshock. A discussion of research on that earthquake
and its aftershocks is published under the report of Grant. No. G1368 (Kiss-
linger) elsewhere in this volume.

The network was serviced from mid-July through September, 1986.
Because of major logistic problems, three of the westernmost stations could not
be reached at that time. Of the 28 short-period vertical and horizontal com-
ponents, 21 were operating for most of the time period of May through July,
1986. By the end of the 1986 summer field trip to Adak, 23 of the 28 com-
ponents were operating (AK2z, AK5h, AD3 and AD5 having been brought back

up).
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Current Observations

458 earthquakes have been located so far with data from the network for
the time period between the time (20:43) of the Mg 6.0 foreshock of the May 7
mainshock and 24:00 on May 10. The data report and catalog submitted to the
USGS six months ago had most of the aftershocks which occurred on May 8.
During the past six months project personnel have located roughly another 75
aftershocks which occurred throughout May 8 and 210 aftershocks occurring on
May 9 and 10, as well as having skipped ahead in time and located 192 events
which occurred in June and July, 1986. Epicenters of all of the events from
May 8 through May 10 (including those reported in the previous Data Report),
as well as the events in June and July, are shown in Figures 1 and 2, respec-
tively.

So far, 35 of the events located with data from the Adak network for May
8 - May 10 were large enough to be located teleseismically (USGS PDEs), of
which 18 occurred on May 8, 10 on May 9, and 7 on May 10. A number of
other teleseismically located aftershocks within the network region are difficult
for us to locate due to their arrivals being masked by the codas of other aft-
ershocks. Also, 11 of the events located with data from the Adak network so far
for June and July, 1986, were large enough to be located teleseismically (USGS
PDEs). No attempt is being made to locate aftershocks with duration magni-
tudes (mgy) of less than 2.3. More detailed information about the network status
and a catalog of the hypocenters determined for the time period reported here
are included in our semi-annual data report to the U.S.G.S. Recent research
using these data is reported in the Technical Summary for U.S.G.S. Grant No.
G1368.
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Figure 1: Map of seismicity which occurred from May 8 May 10, 1986. All epi-
centers were determined from Adak network data. Events marked with squares
are those for which a teleseismic body-wave magnitude has been determined by
the USGS; all other events are shown by symbols which indicate the duration
magnitude determined from Adak network data. The islands mapped (from
Tanaga on the west to Great Sitkin on the east) indicate the geographic extent
of the Adak seismic network.
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Figure 2: Incomplete map of seismicity which occurred in June and July, 1986.
Symbols as in Figure 1.
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WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
Cooperative Agreement 14-08-0001-A0262

E.J. Corbett and W.F. Nicks
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

Virtually no changes have been made to our seismic network during the
six-month period: Nov 868 - Apr 87. The only noteworthy change is the interrup-
tion of recording of our Battle Mountain (BMN) station, due to the phone line
being cut off by USGS Golden. We may attempt to install radio relays during the
summer, if time and resources permit.

B. Data Analysis

Our earthquake data have been timed and located through April 30, 1987.
Since the beginning of the contract period on November 1, 1988, the University
of Nevada Seismological Laboratory registered 2,589 earthquakes (Figure 1). Of
these events:

1018 were magnitude 2 or greater;
98 were magnitude 3 or greater;
8 were magnitude 4 or greater.

The largest earthquake was a magnitude 4.3 event that occurred on
November 1, 1988, in the Topaz Lake area, halfway between Lake Tahoe and
Mono Lake. As Figure 1 shows, the vast amount of seismicity occurs in the
Mammoth-Bishop area, with Chalfant Valley aftershocks still occurring at the
rate of several a day. The most noteworthy change in seismicity pattern during
this period is an increase in small earthquakes in central Nevada. The N-S
trending central Nevada seismic belt (longitude 118°) is showing increased
seismicity, especially at its northern end in the Stillwater gap. Prior to this
period, seismicity north of latitude 40° was rare. In addition, a significant
number of events are now occurring east of longitude 117°, especially near the
Utah border. Formerly, events in eastern Nevada used to only average about 1
per month. These recent changes in seismicity distribution suggest that
ambient stresses may be changing on a Basin-and-Range-wide scale.
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Regional Seismic Monitoring in Western Washington
14-08-0001-A0266

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

Investigations

Operation of the western Washington regional seismograph network and routine preliminai
analysis of earthquakes in western Washington are carried out under this contract. Quarterly cat:
logs of seismic activity in Washington and Northem Oregon are available for 1984 through 198t
and the first two quarters of 1987. These catalogs are funded jointly by this contract and other.
The University of Washington operates approximately 80 stations west of 120.5°W. Twenty eigl
are funded under this contract.

Data are provided for USGS contract 14-08-0001-G1390 and other research program:
Efforts under this contract are closely related to and overlap objectives under contract G1390, als
summarized in this volume. Publications are listed in the G1390 summary. This summary covel
a six month period from October 1, 1986 through March 31, 1987. During this period the U.W
seismic network located 727 events west of 120.5°W. 434 of these were located at Mount S
Helens and were associated with the extrusion of a new lava lobe between October 4 and Octob
27. Excluding Mt. St. Helens, 293 earthquakes were located west of 120.5° W, compared to 31
and 309 in the preceding two six-month periods. During the six months covered by this surr
mary, the largest earthquake located in western Washington was a MC 3.2, which occurred o
October 12th, at 67 km depth, about 40 km northeast of Longview Washington. The preliminar
focal mechanism suggests normal faulting with extension in a NE-SW direction. Only one othe
earthquake this deep has been located in southwesten Washington (a magnitude 3.3 in Apr
1984).
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Central California Network Operations

9930-01891

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

Investigations

Maintenance and recording of 325 seismograph stations (432 components) located
in Northern and Central California. Also recording 62 components from other
agencies. The area covered is from the Oregon border south to Santa Maria.

Results

1. Modified and installed one hundred seventy-one (171) VCO/AMPS for greater
frequency stability; temperature stability; and dynamic range.

J302ML - 90 ea.

J402ML - 6 ea.

J402H = 70 ea,

J502 - 5 ea.

2. Assembled and tunded 90 J502 VCP/AMPS for the Jordan Project.

3. Installed and began recording low gain FBA's
PHOI, PHOJ, PHOK PHOZ
PAGI, PAGJ, PAGK
PGHI, PGHJ, PGHK
PSMI, PSMJ, PSMK
PSRI, PSRJ, PSRK

4, 1Installed and began recording high gain FBA's
PCHS, PCHB, PCHC
PHOA, PHOB, PHOC
PGHA, PGHB, PGHC
PMMA, PMMB, PMMC
PSRA

5. Deleted and removed following seimsic stations
LHO, LBG, LHM

6. Installed new seismic stations at
MWB (Warren Bench)
NCP (Capay)
NRR (Rocky Ridge)
NAD, NADN (Allendale)
NAP (Atlas Peak)

7. Expanded data base to include helicorder, develocorder, and map quad
information.

8., Completed tuning 40 ea. J502 VCO/AMPS for HVO project.
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ALASKA SEISMIC STUDIES
9930-01162

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

Investigations

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

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

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

Results

1) During the past six months preliminary hypocenters have been determined
for 1,525 earthquakes that occurred between August 1986 and January 1987
(Figure 1). The coda-duration magnitudes (Mp) of these events range
from 0 to 4.2, and 94 are My 3 and larger. The five largest events
(Mp > 4) were located at depths between 44 and 217 km within the_
A]eufﬁan Wadati-Benioff zone (WBZ) west of about longitude 149.5°W.
Within the northeastward-dipping Wrangell WBZ the largest earthquake (3.9
Mp; 4.7 mp, NEIC) known to be associated with this zone occurred on
September 15, 1986. This event was located at a depth of 52 km near
61.5°N, 143, 75° W. and felt reports (NEIC) include MM intensity IV in
Ch1t1na at an epicentral distance of about 50 km, and intensity III in
Valdez and Cordova at epicentral distances of about 160 km. The deepest
event ever located within the Wrangell WBZ by the regional network also
occurred during this time period, a 2.4 Mp shock on September 26 near
Mt. Wrangell with a depth of 103 km.

Within the aftershock zone of the 1979 St. Elias earthquake, which abuts
the eastern edge of the Yakataga seismic gap, over 500 shocks were locate«
during the recent six-month period. This number represents a 30 percent
increase relative to the previous six-month period. However, at least
part of this change is probably due to improved detection capabilities
following the re-activation of several local stations that had been
offline. In December, an unusual swarm of 27 shocks with magnitudes of uj
to 2.1 Mp occurred 60 km eastnortheast of Icy Bay. The location of this
swarm is immediately north of an area where a similar cluster of events
occurred within six months prior to the 1979 mainshock.

In and around the Yakataga seismic gap the pattern of shallow seismicity
during the last six months was not significantly different from that
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observed for at least the past nine years. One unusual event with a
magnitude of 3.1 Mp occurred on September 7 beneath the Bering Glacier

at the southern 1imit of a persistent, diffuse concentration of seismicity
near the center of the gap. Only two other events of My 3 or larger

have occurred within this zone since October 1977. The prodominant
frequency (1-2.5 Hz) of the September shock is lTower than the typical
frequencies of tectonic earthquakes in southern Alaska. A 2.7 Mp shock
occurred at nearly the same location in 1985 and also had
uncharacteristically low fregencies. At the present time we cannot rule
out the possibility that these low-frequency events are icequakes related
to the Bering glacier.

Despite a notable increase in the level of microearthquake activity
preceding and accompanying the August-September, 1986 eruption of
Augustine volcano in southern Cook Inlet (EOS, Transactions, American
Geophysical Union, 1986, v. 67, no. 42, p. 804), no shallow (depth less
than 30 km) earthquakes were located near the volcano by the USGS regional
network for this time period. Earthquakes as small as magnitude 2 Mp
that occur in this area are routinely located by the network. Only one
shock (2 Mp) associated with the March-April 1986 eruptive episodes was
located by the regional network. In contrast, during the 1976 eruption of
Augustine, over 250 events with magnitudes between 2.0 and 2.5 were
located (Reeder and Lahr, in press).

Four event-triggered seismic recorders (ELOG's) were deployed for 14 days
in August 1986 to obtain improved locations for two swarms of crustal
seismicity which occurred in June and July about 10 km south of

Talkeetna. Station spacing was approximately 20 km. A total of 630
individual waveforms of 12.5s duration were recorded. Half of these were
earthquakes; the rest were mostly noise from vehicles on nearby roads. Of
189 earthquakes recorded by one or more ELOG's, about 60 had a minimum S-P
time interval of 8s or less. Two-thirds of these were crustal shocks
(depths shallower than 35 km) concentrated beneath or near the edges of
the array. The remainder were 40-70 km deep, south and east of the array
within the Aleutian WBZ. Six of the well-recorded shallow ELOG
earthquakes were used to develop an improved velocity model and traveltime
corrections to simulate the structure of the crust bepeath the Talkeetna
study area (latitude 61.5 -62.5 N, longitude 149 -151'N). Shallow,
crustal earthquakes in the study area from January 1, 1986 through the end
of the ELOG deployment were relocated using the new velocity model and
station corrections. Most of the ELOG shocks beneath the array range in
depth from 10 to 25 km. The swarm events moved about 15 km deeper after
being relocated and range in depth from 22 to 32 km. The remaining
relocated earthquakes were south and southeast of the array and north of
the mapped trace of the Castle Mountain fault, and range in depth from
about 5 to 25 km. The depths of the relocated hypocenters agree with the
revised depths reported by Lahr and others (1986) for shocks in the study
area that occurred between 1971 and the time of the August 1984 Sutton
earthquake (5.7 mp) on the Castle Mountain fault.

Single-event and composite focal mechanism solutions for the swarm and
ELOG shocks beneath the array have compression axes oriented NW-SE. Based
on the regional NE-SW trend of the closest known faults and the
orientation of the comr»~rcfv~ ~+vragg direction, the June and July swarm

earthquakes probably involved reverse faulting on a NE-SW-trending,
NW-dipping plane.
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Based on the performance of the ELOG recorders during the Talkeetna
deployment in 1986, it was concluded that frequency domain techniques
could be used to good advantage to reduce the recording of false events.
For this purpose, the Walsh transform into the sequency domain was chosen
because its speed would allow near realtime processing on the RCA 1805
microprocessor currently used in the ELOG. Two techniques are being
tested: spectral correlation and sequency shift. The correlation
technique involves looking for a typical earthquake sequency spectrum
within a time window after an event trigger. The sequency shift technique
assumes that the sequency spectrum will shift in time to higher sequencie:
if an earthquake is present. Although the algorithms are not yet
compliete, testing on events recorded last summer indicates that 80-90
percent of the noise events (mostly vehicles) could be eliminated while
excluding less than 5 percent of the recorded earthquakes of interest.

Velocity models derived from TACT (Trans-Alaska Crustal Transect)
seismic-refraction profiles are being used in the relocation of
earthquakes recorded by the southern Alaska regional seismograph network.
Recent investigations have focused on a cluster of 20 earthquakes
occurring within 25 km of Glennallen. Routine network location procedure:
placed these shocks in the depth range 0-40 km, primarily between 10 and
35 km. Phases for 14 of the better-recorded (1.6 < Mp < 3.0) shocks

from 1977-1983 were reread. These events were then relocated with a loca
velocity model derived from TACT refraction profiles and station
traveltime corrections obtained from repeated refraction shots at a nearb;
shotpoint. Most of the 14 relocated shocks fall in the depth range 13-20
km. Seven of the shocks 1ie in a tight (point) cluster 5 km southeast of
Glennallen at about 16 km depth. The first-motion patterns for the
cluster earthquakes are consistent with a northwest-southeast-trending
nearly horizontal P axis and a vertical to moderately northeast-diping
T-axis. Compositing the dihedra for the P and T axes from the seven
best-recorded shocks, including five from the cluster, suggests that all
the shocks could result from a uniform stress field, characterized by a
subhorizontal, northwest-southeast, greatest compressive stress axis and :
nearly vertical least compressive stress axis. Convergence of the Pacifi¢
and North American plate along the continental margin in the Gulf of
Alaska may account for the inferred orientation of the greatest
compressive axis.

In order to obtain more reliable relative locations for earthquakes withi:
the southern Alaska network, we have been seeking to improve the regional
velocity model used. We have adapted the program VELEST (originally
written by S. Reocker and W. El1sworth and then revised by E. Kissling),
which inverts arrival time data simultaneously for hypocenters, station
delays, and the velocity depth function, for use with HYPOELLIPSE-format
data, and have added features to facilitate its use. Preliminary results
using this program indicate that a great amount of CPU time is required,
in part because the method requires the inversion of a very large matrix.
Another approach being studied which substantially reduces the amount of
CPU time per iteration is to sequentially invert for hypocenters and the
velocity-depth function (Pavlis and Booker, 1980). After the velocity
model has been determined the average residual at each station is used to
increment the corresponding station delay. Initial tests with simulated
data for 125 earthquakes indicate that the sequential approach requires
only about one fifth as much CPU time as VELEST.

The computer programs FPFIT, FPPLOT, and FPPAGE (Reasenberg and
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Oppenheimer, 1986) have been modified to accept HYPOELLIPSE-format data,
to compute both single-event and composite focal mechanism solutions, to
allow more options in selecting and weighting observations, and to provide
more flexibility in displaying the results. When a focal mechanism is
based on sparse data, the P- and T-axes for acceptable solutions cover a
very large part of the focal sphere. FPFIT typically generates plots of
acceptable P- and T-axes that are misleading and difficult to interpret.
This is due in part to the highly non-uniform distribution of the P- and
T-axes for the trial mechanisms tested by FPFIT. An alternate version of
the program, FPFIT2, is well-suited for sparse data sets such as is
characteristic of Alaska data. It uses a set of trial solutions with a
uniform distribution of P- and T-axes so that the distribution of
accepable axes properly indicates the confidence regions for the axes.
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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 1s to provide access of
seismic data to the seismological community. Ths 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),
20,000 earthquake bulletins, reports and reprints, and a collection of several
thousand magnetic tapes containing (1) a complete set of digital waveform data
of the Global Digital Seismic Network (Data Tapes), and (2) a complete set of
digital archive data of Calnet (CUSP archive tapes).
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Northern and Central California Seismic Network Processing
9930-01160

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

Investiggtions

1.

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

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

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

finalized they are exchanged for the preliminary data existing in the data
base.

Results

1.

Figure 1 illustrates the more than 8100 earthquakes located by this office
for northern and central California during the time period October 1986
through March 1987, The largest earthquake recorded was a M5.6 shock that
occurred on November 21 along the Mendocino coast, approximately 75 km
south of Eureka. It was accompanied by a modest rise in local seismic
activity. The second largest earthquake to occur during that time was a
magnitude 5.0 event that occurred on February 14, near Coalinga. There

28



3.

was also a slight rise in the level of seismic activity in that area
assoclated with that event. However the highest rate of aftershock
activity was in Chalfant Valley as the aftershocks continued following the
M6.5 quake that occurred on July 21, 1986. The largest aftershock in that
area during this reporting period was M4.3 on January 27. Due to the
large number of aftershocks from the M6.5 event there is still a small
back-log in the CUSP processing for July 20-21.

Final processing of data for the second half of the calendar year 1982 is
complete and those data are ready for publication, as are the data from
the Lake Shasta area for 1981-1984. Work is currently underway on the
final processing of data for the areas around Mt. Shasta, and Lassen
Volcanic National Park. Some of these data are very preliminary and need
extensive reprocessing and analysis, but it is expected that this work
will be completed by mid-1987.

Since June 1986 this project has been involved in a combined effort with
personnel from many different projects. The first purpose of this group
endeavor 1s to collect all available seismic data pertaining to the more
than 150,000 earthquakes that the USGS has located in northern and central
California, mainly from 1969 to the present. Those data will then be
combined, checked for errors and omissions, reprocessed as necessary, and
finalized for publication. It is estimated that this job will take at
least one year, which is much less time than would be necessary for this
project alone. Personnel in this project will be responsible for
coordinating much of this group effort. To date all but a small portion
of the data have been collected, had gross errors corrected, and have been
rerun through the location program.

For the time period October 1986 - March 1987 there were an average of 3
to 6 events per day missed by the CUSP automatic detection system. These
will be added to the existing CUSP data base from the back-up magnetic
tape and processed using standard CUSP processing techniques. Most of the
earthquakes that were missed occurred in northern California, north of
latitude 39 degrees. This 18 a particular problem in the north because
of telemetry noise that exists on those circuits. To avoid producing an
abnormally large number of false triggers in the detection system the
trigger thresholds are often set higher than normal and therefore some of
the real events are missed.

Steve Walter is currently investigating some unusual low frequency events
that he has detected in Lassen Volcanic National Park over the last four
years (Walter, 1986). Most of these are deep events, between 15 and 20
kilometers, and most are concentrated west of Lassen Peak. These events
are of interest because they resemble events seen in other volcanic
regions, particularly Hawaiil, that have been assoclated with magma
transport. Some results of this investigation were presented at the Fall
AGU meeting in San Francisco.

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

For the past 2 or 3 years Mari Kauffmann has been involved in the
development of an automatic system to pick p-phases off magnetic tapes
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from portable 3-component seismographs. The system is now operational an
is being utilized with Mari as the chief operator (Kauffmann, 1986).
There are several other people involved and they have made improvements s
that digital seismograms can also be produced on magnetic tape. These
seismograms can then be processed and analyzed using CUSP software. To
date Mari has processed a large volume of data from numerous California
earthquake sequences from areas that include Long Valley, Coalinga,
Kettleman Hills, Morgan Hill, Chalfant Valley, and Palm Springs.

8. Steve Walter has been playing a key role in the development of a new
off-line automatic computer-based digitizing system to replace the old on
that broke down in March 1986. That system was the back—up digitizer for
CUSP, The new one is now operational, with a few bugs, but is not as
automatic as it will be in the near future. There is presently a 10 mont
backlog of data to be digitized.

Reports

Kauffman, M. L., 1986, A users guide to the automatic phase picking system

for portable 3-component seismograph 5-day tapes, U.S. Geological Survey
Open-File Report 86-109, 28 p.

Walter, S. R., 1986, Long period earthquakes at Lassen Peak - evidence for

magma movement, (abs.), EOS, v. 67, no. 44,
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

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

Investigations

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

Results

In the last six months of 1986, 140 earthquakes were located and 45 other nonlocatable
earthquakes were detected by the 42 station regional telemetered microearthquake network
operated by Saint Louis University for the U. S. Geological Survey and the Nuclear Regulatory
Commission. Figure 1 shows 137 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 117 earthquakes located within a 1.5° x 1.5° region centered at 36.25°N and
89.75° W. Figures 3 and 4 are similar to Figures 1 and 2, but the epicenter symbols (squares) are
scaled to focal depth.

In the last six months of 1986, 80 teleseisms were recorded by the PDP 11/34 microcom-
puter. Epicentral coordinates were determined by assuming a plane wave front propagating across
the network and using travel-time curves to determine back azimuth and slowness, and by assum-
ing a focal depth of 15 kilometers using spherical geometry. Arrival-time information for telese-
ismic P and PkP phases has been published in the quarterly earthquake bulletin.

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

1. 11 July 1986, UTC 1426, 35.11°N, 84.98°W: felt (V) at Chattanooga, (IV) at Apison,
Ocoee and Ooltewah. Also felt (IV) at Blue Ridge, Cisco, Fort Oglethorpe and Rocky Face,
Georgia. Felt (IIT) at Birchwood, Calhoun, Cleveland, Copperhill, Etowah and Soddy-Daisy,
Tennessee. my,(10Hz) = 3.3(SLM), m;, = 3.3(NEIS).

2. 12 July 1986, UTC 0819, 40.43° N, 84.43°W: felt in much of Ohio and parts of Michigan,
Indiana, Kentucky and West Virginia. Slight damage in St. Marys, Ohio. m,(10Hz) =
4.6(SLM), My = 4.5(PDE).

3. 26 August 1986, UTC 1641, 38.32°N, 89.79°W: felt (IV) at New Athens and Belleville, Illi-
nois. Felt (I) in the St. Louis, Missouri area and many parts of southern Illinois.
my, (10Hz) = 3.6(SLM), mz, = 3.7(NEIS), my, (3Hz) = 2.9<FVMZ>.
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4. 24 October 1986, UTC 0557, 36.17°N, 89.66°W: felt (IV) in Caruthersville, Missouri.
mp, (10Hz) = 2.9(SLM), m;,(3Hz) = 2.6 <FVMZ>.

5. 6 November 1986, UTC 1921, 38.11°N, 90.42°W: felt (II) in Crystal City, Missouri.
my, (10Hz) = 2.7(SLM), m;,(3Hz) = 2.3 <FVMZ>.

6. 30 December 1986, UTC 0715, 36.42° N, 89.58° W: felt (IV) at Hayti, Malden, Caruthersville
and Pt. Pleasant, Missouri. Felt (III) at Blodgett, Dexter, Harviel, Portageville and Sikeston.
Also felt (IIT) at Finley, and Tigrett, Tennessee. my,(10HZ) = 3.4(SLM), m;;, = 3.5(NEIS),
my, (3Hz) = 3.1 <FVMZ>.
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Consolidated Digital Recording and Analysis

9930-03412

Sam Stewart
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94024
(415) 323-8111 x 2577

Investigations

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

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

available for research purposes. We update and maintain the CALNET data on
this computer.

Both 11/44 computers use the 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. Jur
applications are written in Fortran-77, but with heavy use of system functions
unique to the RSX or VMS operating systems.

Results

1. The CUSP system processed approximately 7600 earthquakes that occurred
within or near the CALNET network during the period October 1986 through
March 1987. The usual few thousand non-seismic noise events had to be
examined and deleted from the system as well,

In addition, we are still processing aftershocks from the Chalfant Valley
earthquake of July 1986,

2, The Parkfield Earthquake Prediction Experiment has added many instruments

to the CUSP realtime earthquake monitoring task. There is a total of 111
instruments designated as within or near the Parkfield area. Of these, 11
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are the 3-component Force Balance Accelerometers (resulting in 33
instruments to monitor), and 5 are Dilatometers. We are watching for
earthquakes sufficiently large in the Parkfield area to record useful
signals on these low gain instruments. The job has just started, and so
far there are no results to report.

3. Project personnel and Alaska Network personnel have been trying to make
necessary modifications to CUSP analysis software so that Alaska data can
be digitized from their telemetry tapes and processed on the 750 CUSP
system. The main delay now is to get a noise glitch problem out of the
750 digitizing process.

Regorts

None,
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-A0260

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

Investigations

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

Results

The Shumagin network was used to locate 611 earlhquakes in 1986. The seismicity of
the Shumagin Islands region for this time period is shown in map view and cross section in
figure 1. The largest event in this period within the network had a magnitude of 4.5 and was
located over the main thrust zone at a depth of 4.5 km. A magnitude 4.1 earthquake occurred
at a depth of 201 km. This was the first deep event larger than magnitude 4 since 1981. Oth-
erwise the overall pattern over this time period is similar to the long term seismicity. Concen-
trations of events occur at the base of the main thrust zone and in the shallow crust dircctly
above it. The continuation of the thrust zone towards the trench is poorly defined. West of
the network (which ends at 163°) the seismicity is more diffuse in map view and extends
closer to the trench. Nine of the 13 located events larger than magnitude 4 occurred in this
western region. Below the base of the main thrust zone ("45 km) the dip of the Beniolf zone
steepens. Part of the double plane of the lower Benioff zone is evident near 100 km dcpth.

The network is capable of digitally recording and locating events as small as Ml = 0.4
with uniform coverage at the 2.0 level. Onscale recording is possible to "Ms=6.5 on a
telemetered 3 component force-balance accelerometer. Larger events are recorded by one digi-
tally recording accelerometer and on photographic film by 12 strong-motion acceleroieters.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0264

Ta-liang Teng
Thomas L. Henyey
Egill Hauksson

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

INVESTTGATIONS

(1)

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

(2) 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

(1) The earthquake activity that occurred in the Los Angeles basin and the

southern California coastal zone during 1986 is shown in Figure 1. The
seismicity rate during 1986 is similar to the rate that was recorded
during the previous three years. The earthquake activity in the Los
Angeles basin is characterized by single shocks that are scattered
throughout the region. Several spatial clusters are observed in the
monitoring region. Clusters of seismicity are observed at the northern
segments of both the Newport-Inglewood fault as well as the Palos Verdes
fault during 1986. The adjacent offshore area in Santa Monica Bay is
also characterized by a moderate level of seismic activity. A cluster of
earthquakes is observed near the aftershock zone of the 1973 Point Mugu
earthquake. The largest earthquake to occur within the Los Angeles basin
had a magnitude of 3.9 and was located near the Newport-Inglewood fault,
just south of the City of Long Beach. In summary, although the 1986
seismicity in the southern California coastal zone and the Los Angeles
basin is characterized by several spatial clusters of seismicity, the
overall level of activity is moderate to low as compared with the last 10
years of seismicity.

Five earthquakes of M»3.0 occurred in the greater Los Angeles basin
during 1986. Their respective focal mechanisms are shown in Figure 2.
The event of March 20, 1986 that shows reverse faulting on the Palos
Verdes fault was a part of a small spatially clustered swarm. A M=3.9
quake (April 5, 1986) that was the largest earthquake reported during
1986 in the Los Angeles basin had a strike slip mechanism and is located
near the southern segment of the Newport-Inglewood fault. A reverse
mechanism (March 9, 1986) and a strike-slip mechanism (July 7, 1986) are
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two of the larger events in a swarm that occurred near Claremont, eastern
San Gabriel Valley. Two events near Manhattan Beach show strike-slip
faulting near the northern end of the Palos Verdes fault (June 16, 1986)
and reverse faulting onshore (May 19, 1986). The largest offshore event
(August 16, 1986) shows strike-slip faulting 15 km to the northeast of
Santa Barbara Island.

In summary, strike slip faulting mixed with reverse faulting is observed
for M>3.0 local earthquakes in the greater Los Angeles basin.

(2) A second generation of the Optimal Telemetry System (0TS) is currently
being designed and built. The front-end anti-aliasing filters have been
upgraded to 7 poles. To minimize electronic noise the microprocessor has
been placed on a separate circuit board. The design goals are to achieve
a background noise level of 1 mV or less. Field testing of the new OTS
is planned to begin in summer 1987.

A new seismograph station (SAT) was installed in a 1300 ft. deep borehole
in the City of Santa Ana in Orange County. The station that began
operating in February 1987 is located near the Newport-Inglewood fault
and fills an important gap in the station distribution between Long Beach
and San Onofre.

REPORTS
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 #87-1, 1987.

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

Hauksson, E. and G. Saldivar, The 1930 Santa Monica and the 1979 Malibu,
California, Earthquakes, Bull. Seism. Soc. Amer. 76, 1542-1559, 1986.

Hauksson, E., Seismotectonics of the Newport-Inglewood Fault Zone in the Los
Angeles Basin, Southern California, Bull. Seism. Soc. Amer. 77, 539-561.

Hauksson, E., T. L. Teng and T. L. Henyey, Near-Surface Attenuation of Wave-
forms of Local Earthquakes: Results from a 1500 m Deep Downhole Seismometer
Array, submitted to Bull. Seism. Soc. Amer., January, 1987.

Saldivar, G. V., E. Hauksson and T. L. Teng, Seismotectonics of the Santa
Monica and Palos Verdes Fault Systems in the Santa Monica Bay, Southern
California, to be submitted to BSSA, May, 1987.
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Hauksson, E., T. L. Teng and T. L. Henyey, Near-surface Attenuation of
Waveforms of Local Earthquakes: Results From a 1500 m Deep Downhole
Seismometer Array, EQOS Trans., Amer., Geophys. Union 67, p. 1091, 1986.

Saldivar, G. V., E. Hauksson and T. L. Teng, Seismotectonics of the Santa
Monica and Palos Verdes Fault Systems in the Santa Monica Bay, EOS Trans.,
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Field Experiment Operations
FEI0N-01170

John Yan Schaack
Branch of Seismology
U, &, Geological Survey
345 Middiefield Road MS-977
Menlo FPark, California 94025
{415y 323-8111, ext. 2584

lnvestigations

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

5-dav recorder portable seismic svstems.,
"Cassette" seismic refraction systems.
Fortable digital event recorders,

Smoked paper recorder portable seismic systems

-

an o w

This project is responsible for obtaining the regquired permits from
private landawners and public agencies +or installation and operation of
network sensors and for the conduct of 3 wvariety of field experiments
inctuding seismic refraction profiling, aftershock recording, telieseism
P-delay sztudies, volcano monitoring, etc,

This project also has the responsibility for managing all  radio
telemetry <freguency authorizations for the Qffice of Earthquakes, Volcanoes,
and Engineering and its contractors,

Fesults

Seismic Refraction

One  hundred twenty seismic cassette recorders were used in two seperate
experiments, The +First experiment was carried out near San Luis Obispo CA.
in conjunction with a =zeismic refraction experiment being conducted for
Pacific Gas and Electric Co. by an independent contractor. e recorded two
profiles, one running approximately East West and one running Morth Scouth.
There were considerable problems firino the shots and results were
dizappointing, The second experiment was a cooperative experiment conducted
with the University of Southern California., This experiment consisted of a
single profile across the Tehachapi Mountains Southeast of Bakerstyield LA,
The record guality on this experiment was good.
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Telemetry Metworks
We have completed the installation of a six station seismic network
near Lake Berrvessa in Central California for The Bureau of Reclamation and

the data are being monitored by CUSF. We have installed & total of seven
Force balance Accelerometers each operating at multiple gains seperated bv
20 db. These data are being telemetered to Menlo Park., ke have also

alen
instrumented 4 Dilatometer sites for telemetry. these are alszo operatino at
multiple gains, A1l of these sensors will be monitored by the CUSP and RTF
aytomatic earthquake detection svstems in Menlo Park,

Portable Networks
For  the +irst time in approximately 20 vyears there were no S-dar
recorders deploved anvwhere,
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Geothermal Seismotectonic Studies
9930-02097

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

Investigations

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

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, Zollweg, 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 Lake,
and the southern Washington-northern Oregon Cascade Range. The data from this mon-
itoring is being used in the development of seismotectonic models for southwestern
Washington. (Weaver, Grant, Yelin, UW contract)

4. Study of Washington seismicity, 1960-1969. Efforts are underway to determine mag-
nitudes based on a revised, empirical Wood-Anderson-coda duration relation. Earth-
quakes with magnitudes greater than 4.5 are being re-read from original records and will
be re-located using master event techniques. Focal mechanism studies are being
attempted for all events above magnitude 5.0. (Yelin, 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 fol-
lowing the onset of the eruption, and the seismic sequence is being compared with the
detailed geologic observations made on May 18. Re-examination of the earthquake
swarms that followed the explosive eruptions of May 25 and June 13, 1980, utilizing
additional playbacks of 5-day recorder data. (Weaver, Zollweg, Norris, UW contract)

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

events located by the modern seismographic networks. (Meagher, Weaver, with Lindh,
Ellsworth)

7. Analysis of a swarm of over 500 sub-edificial (depths 3 - 14 km) earthquakes that
occurred at Mt. St. Helens prior to the 1980 eruption. Sub-edifical earthquakes have
recently been found to be useful in mapping the overall geometry of the magma feeder
system, and the pre-May 18 data set is probably the best available to us in terms of
numbers of events, numbers and distribution of stations recording them, and
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background noise level. (Zollweg, UW contract)

8. Analysis of the sequence of high frequency earthquakes that followed the eruption of
Nevado del Ruiz in Colombia, South America. (Zollweg, with Colombian investigators)

9. Detailed study of a swarm of tectonic earthquakes near Darrington in the Washing-
ton North Cascades, and the geometry of the recently-recognized Darrington Seismic
Zone. Cross-correlation and cross-spectrum techniques are being used to resolve the spa-
tial relationships of the swarm events. (Zollweg, UW contract)

10. Comparison of spatial features of aftershock seismic moment release with surface
faulting for the 1983 Borah Peak, Idaho earthquake. (Zollweg)

Results

1. The interagency agreement between the U.S. Geological Survey and the Bonneville
Power Administration to allow the transmission of seismic data over existing BPA
microwave facilities was completely implemented. Nine commercial phone lines were
replaced by microwave transmission during the past 6 months; in all 14 phone lines have
been replaced by 18 microwave links. The additional microwave links are expected to be
used to re-instrument the Oregon Coast and Cascade Ranges in the last half of FY87
and during FYS8.

2. A small-diameter (" 1 km), near-vertical seismogenic region beneath Mt. St. Helens
was defined by sub-edificial earthquakes occurring before the 1980 eruption. The struc-
ture as presently known extends from 4 to 13 km in depth. It is interpreted as a zone of
brittle failure which occurred in response to magmatic pressure variations in a narrow
feeder conduit. Resolution of this structure is the first indication that has been found in
the seismographic data that deep magma transport at Mt. St. Helens may be confined to
small, well-defined structures.

3. Mt. St. Helens sub-edificial activity between May 18 and June 14, 1980, indicates the
existence of a second tightly-clustered zone of activity at depths of 6 to 12 km lying 1 to
2 km west of the seismogenic structure we have tentatively identified as the main feeder
conduit. This second zone seems to have been active only between those dates rather
than persistently through time like the the first zone identified. Its relation to the rest
of the system is presently unclear; it may represent an older feeder conduit that is no
longer directly connected to the surface but can still respond to pressure variations in
the rest of the system.

4. High frequency earthquakes at Nevado del Ruiz volcano, Colombia, occur over a wide
geographical area (at least 150 square km) and cannot be related in a predictive sense to
the minor eruptive activity that has occurred at the volcano since late 1985. Some linear
trends are evident from epicenter plots, and a few of these trends appear to be directly
related to mapped faults. Seismic activity in any one area is usually highly non-
stationary in time. We infer that the sub-surface magmatic system is complex and of
large areal extent, and that these features will make attempts to use the high frequency
activity in prediction efforts very difficult under a much better understanding of the sys-
tem is achieved.

5. A swarm of earthquakes having magnitudes as high as 3.6 occurred near Darrington
in the Washington North Cascades in early 1986. This was the second-most intense
swarm to occur in northwest Washington since 1970. Cross-correlation and cross-
spectral analysis of digital data from the UW net indicates that the source region was a
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400 by 700 meter area at a depth of about 9 km. The earthquakes tended to occur in
tight clusters within this area, probably at asperities along a fault. Reanalysis of
regional seismicity with station corrections developed in the investigation of this
sequence shows evidence for an east-west striking fault structure dipping to the south.
The Darrington sequence would fall on this structure and the computed focal mechan-
isms agree well in both strike and dip. A rough draft of a paper on this structure, which
we have named the Darrington Seismic Zone, has been completed.

6. Relative location bias caused by using different subsets of a given ”"master” station
network causes significant scatter in the resultant patterns of hypocenters and interferes
with identification of small structures. The 95% confidence ellipses have been found to
enclose roughly 90% of the possible solutions for single events using different station
subsets; solutions tend to stabilize near their ”best” locations using the full network
when data from at least 7 stations are available. The network bias eflect is quasi-
systematic and can be computed and corrections for it made.

Reports

Shemeta, J. E. and Weaver, C.S., 1986, Seismicity accompanying the May 18, 1980 erup-
tion of Mount St. Helens, Washington, in, Proceedings, Mount St. Helens Five
Years Later, Eastern Washington University Press, Cheney, WA, (still in press).

Grant, W. C. and Weaver, C. S., The 1958-1962 earthquake sequence near Swift Reser-
voir, Washington, Bulletin of the Seismological Society of America, 76, 1573-1587,
1986.

Grant, W. C. and Weaver, C. S., Seismicity of the Spirit Lake area: Estimates of possi-
ble earthquake magnitudes for engineering design, in The formation and
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Helens, Washington, U. S. Geological Survey Professional Paper, edited by R. L
Shuster and W. Meyer, (still in press).
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STRONG GROUND MOTION OF LARGE INTRAPLATE EARTHQUAKES
ESTIMATED FROM TELESEISMIC RECORDINGS

9910-new

John Boatwright
U.S. Geological Survey, MS 977
345 Middlefield Road
Menlo Park, CA 94025
FTS 467-2485 or 415-329-5609

George L. Choy
U.S. Geological Survey, Box 25046, MS 967
Denver Federal Center, CO 80225
FTS 776-1506

Investigations

1. Teleseismic analysis of the 1985 Nahanni earthquakes, which occurred in
the Canadian Northwest Territories for rupture characteristics.

2. Teleseismic analysis of a set of nine large (my = 5.5 to Mg = 7.4)
intraplate earthquakes to deduce the appropriate scaling characteristics for
high-frequency ground motion radiated by large shallow thrust earthquakes in
intraplate environments.

Results

1. Boatwright and Choy (1986) developed an analysis technique which corrects
teleseismic recordings for the focal mechanism of the events, the interference
of the depth pnases, and the teleseismic attenuation, in order to estimate the
acceleration source spectrum of the earthquake in the frequency band from 50
sec to 2 Hz. The analysis uses a frequency dependent Q determined by Choy and
Cormier (1986) and a finite source description which permits an unbiased
estimate of the acceleration spectral level for frequencies above the corner
frequency. The near-field strong ground motion can be estimated by
appropriately scaling the acceleration source spectrum for hypocentral
distance and site effects.

2. We have analyzed a set of nine large intraplate earthquakes to determine
the maximum expectable acceleration spectral level for near-field strong
ground motion. The nine events range in size from the my = 5.5 after-

shock of the 1982 Miramichi earthquake to the Mg = 7.4 Tabas, Iran, earth-
quake. The most surprising result of the analysis is the average spectral
shape of the events; eight of the nine events show a pronounced intermediate
slope, between the low-frequencies where the acceleration spectra increase
proportional to the square of the frequency, and the high-frequencies, where
the acceleration spectra are approximately flat, or decrease slightly as a
function of frequency.
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Publications

Boatwright, J., and G.L. Choy, 1986, Acceleration spectra for subduction zone
earthquakes, EOS 67, 310.

Boatwright, J., and G.L. Choy, 1987, Acceleration spectra for subduction zone
earthquakes, in preparation.

Choy, G.L., and J. Boatwright, 1987, Teleseismic analysis of the Nahanni earth-
quakes in the Canadian Northwest Territories, in preparation.

Boatwright, J. and G.L. Choy, 1987, Acceleration spectra for large earthquakes
in North Eastern North America, in preparation.
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Intensive Studies of Source Zone and Crustal Structure
of the Arkansas Swarm Region using a 40-station
Three-Component, Telemetry, Portable, Digital Array

Contract Number : 14-08-0001-G1327
Jer-Ming Chiu, Jose Pujol, and Arch Johnston

Memphis State University
Tennessee Earthquake Information Center
Memphis, TN 38152
Tel: 901-454-2007

The PANDA (Portable Array for Numerical Data Acquisition) array has been deployed
and is fully operationalin the Arkansas earthquake swarm regio (Figure 1) from early
January to late April, 1987 after about 5 months of field testing and trouble shooting. The
configuration of the PANDA array, the field experiment, and data processing techniques
are briefly discussed below.

1. The PANDA Array

The design criteria of the PANDA array includes the following: (1) portability, (2)
high dynamic range, (3) three-component recording within 0.1 to 40 Hz frequency ranges,
(4) small power consumption and solar power for each station, (5) telemetry with capability
of transmitting seismic signals over 100 miles after one repeat station, (6) synchronized
digital recording at a central station, (7) ease of installation and maintenance that can
be performed by a two-man crew, and (8) capability for on-site data analysis during the
experiment. All these design goals are accomplished with several minor modifications as
discussed in the following.

The PANDA array consists of 40 three-component stations telemetered to a central
recording station by standard FM radio links. The common recording base assures the
precision of inter-station timing. The high dynamic range of 96 dB is achieved by using
two channels per component with offset gains (high- and low-gain channels). The powerful
central recording computer described below is capable of on-line data acquisition, off-line
data analysis, and tape archiving.

Seismic signals from each station are transmitted via radio back to the recording
center, stored in a 474 Mbyte Winchester disc and later archived to magnetic tape. Seismic
signals from 20 outer stations are repeated once by the other 20 inner stations as shown
in Figure 1 to allow broader extent of the network coverage and to overcome topographic
constraints in a telemetry system. Before April 1987, eighty Mark Products TDC-1 tripod
L28 (4.5 Hz) seismometers were used. Ten Kinemetric FBA (1 Hz) sensors were delivered
and installed in the field in early April to replace the ten L28’s. Two three-component
L28 seismometers are co-sited at each of the 30 stations. A FBA unit and a L28 unit are
co-sited at the other 10 stations. The 10 stations with FBA seismometers are located near
the center of the swarm zone and are capable of on-scale recording of up to 2 g ground
acceleration. Each station consists of an SX-20 solar panel, VCO's and amplifiers, and a
radio transmitter. The VCO, designed by TEIC’s Technical Director, has been proved to
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be very stable in the field with almost no frequency drift. With such a reliable VCO at
least 60 DB dynamic range system can be achieved through FM radio links. Input seismic
signals are filtered using Butterworth bandpass filters for a frequency range from 0.1 to
40 Hz. Although the overall system response tends to be low at the lower frequency band
important for teleseismic and converted seismic phase studies, low frequency information
can be recovered by digital filtering techniques.

After demultiplexing, 240 data channels are input into an analogue-to-digital converter
in the main central recording computer, a MASSCOMP MC5600 32-bit machine, for trigger
threshold detection and on-line digital recording. Since seismic signals from all stations are
telemetered to a common recording center, a much more sophisticated trigger algorithm is
possible than with single, independent stations. The MC5600 system consists of 8 Mbyte
memory, 4 Gbyte user-addressable space, UNIX operating system with FORTRAN and C
compilers, a 256 channel A/D converter, a 16-bit high speed digital I/O interface, a data
acquisition system, a floating point accelerator, a streaming tape drive, two 1 Mb floppy
disk drives, a 71 Mb Winchester hard disk, a 474 Mb Winchester disk, a line printer, a high
resolution color graphics terminal, a high resolution ink-jet color copier, and a 16-bit array
processor. The A/D converter is capable of sampling 1024 channels data at a maximum
rate up to 1 MHz. The PANDA array is currently operated at 100 samples/second. This
integrated field computer system allows very efficient data acquisition as well as extensive
preliminary data analysis in the field.

An JRIG H coded time signal output from a portable satellite clock is input to three
of the unused A/D channels of the computer for accurate timing. Two internal clocks in
the data acquisition system (DACP) are gated in the way that frame rate for the first
clock (frame clock) is set to 100 Hz and burst rate for the second clock (burst clock) is set
to 50,000 Hz. Output of the burst clock is input to the input of the frame clock. Output
of the frame clock is then input to the A/D converter to control the sampling operation
of the A/D converter. The burst clock will start to control the actual sampling at 0.5
MHz when voltage of the frame clock changes from low to high. Therefore an almost
synchronized sampling can be achieved. In addition, a global positioning system (GPS) is
used to accurately locate station coordinates : latitude, longitude, and elevation to within
+5m (plus time, if necessary).

2. On-Line Digital Recording System

240 seismic channels after discriminators and three time channels from satellite clock
are input into the DACP system of the MASSCOMP computer. A large ring buffer with
forty 51,200 byte buffers is set up in the CPU to temporarily store the incoming digital
data from 256 channels. Each buffer in the ring buffer can store 1 second of digital data
from 256 channels at 100 samples/second sampling rate. Incoming digital data fills up
one buffer after another on a real-time basis. After the last buffer is filled, the first buffer
will be filled again, and the cycle repeats. Vertical high-gain channels from 10 stations are
selected for trigger detection. Ratios of short term average (STA) and long term average
(LTA) for the 10 selected stations are continuously evaluated to determine the status of the
incoming seismic signals. We are experimentally testing the selection of trigger stations
and the determination of trigger threshold. It is an event if the STA/LTA value of three
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stations out of the 10 trigger stations reach or beyond the given trigger ratio. When an
event occurs, the on-line digital recording system will first retrieve pre-event memory from
the ring buffer and then continue to store 2 minutes of incoming digital data from all 256
channels into a disk file created at the time of trigger. After the event has been successfully
stored, the STA /LTA ratio trigger evaluation resumes. The field test of this on-line trigger
detection program has been very successful. During the 3 months experiment period,
fourteen swarm earthquakes were large enough to trigger the PANDA array (some less
than magnitude 0). All parameters, including frame clock rate, burst clock rate, number
of trigger stations, STA and LTA windows, STA/LTA ratio, pre-event memory, and total
recording time for each event can be changed by editing one of the input files.

After data files have been stored in the 474 Mb Winchester disk, a graphics display
program, “LOOK,” is available immediately to display the data in the EURORA color
graphics terminal in order to check the signal quality and determine whether it is an
earthquake or a false trigger, and to determine the time window within the two minutes
of data to be demultiplexed and to be archived to a magnetic tape. The archived tape can
be either processed with the MASSCOMP or sent back to TEIC to be processed in the
VAX 11/785 where a powerful NUMERIX 432 array processor is available to analyze such
a big data bank.

A program, “BLAST,” is set up in the MASSCOMP system. This program will allow
the on-line digital recording system to turn on and continuously store the incoming digital
data into a file for the given time period. This program has been used successfully to
record four dynamite explosions during the dismantling of one Titan missile silo .

One analogue seismic channel from one selected station is also recorded at the record-
ing center by an MEQ-800 drum recorder to visually see the background activity in the
region. In case a large earthquake swarm sequence occurs or the disk space is filled up
faster than the process of archiving data to tape, the on-line digital recording system can
be switched to write the triggered data to tape instead of the 474 Mb Winchester disk.
The tape will be read back into MASSCOMP for preliminary processing, demultiplexing,
and archiving in a later time.

Since the MASSCOMP computer system is a UNIX based multi-user, multi-task, and
multi-processor system, all processing on the on-line digital recording system mentioned
above can be executed simultaneously. We have not yet developed much of the processing
software in the MASSCOMP system due to delay in the delivery of the array processor.
Since the PANDA array will be shipped and deployed in the San Juan, Argentina for about
a one-year period beginning in the coming summer of 1987, we expect that processing of
the Arkansas swarm data collected by the PANDA array in the current project will be
carried out mainly on the VAX 11/785 at TEIC.

3. Examples of Data Collected by the PANDA Array
(a) Explosion from Titan Missile Silo Dismantling

Figure 2 shows some examples of vertical-component seismograms recorded by the
PANDA array during a field test period in December 1986 from a dynamite explosion
at the 373-9 Titan missile site (#2 in Figure 1). Complicated waveforms can be seen in
these examples. Large amplitude surface waves follow the P waves and show a very large
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moveout in time as the station distance from the source increases. Another feature shown
in these seismograms is the large amplitude and high-frequency late arrivals. This portion
of seismic energy can be interpreted as air coupled sonic waves from the explosion source.
These air waves can best be seen on the vertical component in all examples indicating that
these waves must be polarized along the radial plane and travel with very low velocity
(air velocity 0.3 ~ 0.5 km/sec). There are two distinct arrivals with almost constant time
separation on all seismograms which can be interpreted as (1) air-coupled body waves
(possibly P waves), and (2) air-coupled surface waves. In all there were four explosions
from the same location and recorded by portions of the PANDA array and by eleven
MEQ800 single component recorders. The 11 MEQ800 recorders were deployed directly
over the swarm source zone with station spacing as small as 0.5-1 km. Three explosions
were large enough to produce visible air-coupling waves as shown in Figure 2. A detailed
analysis and modeling of air coupled sonic waves is in progress.

(b) Earthquakes from Arkansas Swarm Region

Figure 1 shows also examples of vertical-component seismograms recorded by many
PANDA array stations from an earthquake located in the swarm source region. Unambigu-
ous P and S arrival times can be read from the vertical and the two horizontal components.
Accurate earthquake location can therefore be achieved. The S arrival, marked by an arrow
above each seismogram, has been identified from the horizontal component. Seismograms
are displayed in the direction coinciding with the azimuth between the stations and the
source. Strong secondary arrivals dominate most of the vertical component seismograms
in almost all directions. The complicated secondary arrivals between the P and S waves
seem consistent with, but more complicated than, our previous observations. A system-
atic study of the occurrence of these strong crustal converted phases and their tectonic
implications is in progress.

(c) Regional Earthquakes

During the deployment of PANDA array, two regional earthquakes from New Madrid
seismic zone and one from Oklahoma were recorded. Two of the events were triggered by
their S waves but not by P waves due to the longer travel distance and therefore emergent
P arrivals. These events, however, can provide very unique opportunities to calibrate
the array response to the incoming seismic waves. Study of array response to regional
earthquakes is also in progress.
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Figure 2. Examples of vertical seismograms from one of the explosions from the missile
silo # 2 in Figure 1. Station code and maximum amplitude are printed in front of
each trace. The large amplitude surface waves immediately after the first P arival
and the later air-coupled sonic waves can be identified most clearly in the vertical
component. Interpretation of seismograms recorded by the PANDA array is in

progress.
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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
U.S. Geological Survey
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
west coasts of Mexico, Central America and South America.

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

3. Develop methods for the rapid estimation of the source properties of
significant earthquakes.

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

5. Compile tsunami data for the circum—Pacific and the corresponding
seismic source zones.

Results

1. The probabilistic work for northern Mexico has been completed and
published in three papers by Nishenko and Singh in 1987. Two regions have
the highest probabilities for the recurrence of large earthquakes within the
next two decades: the central Oaxaca gap and the Acapulco-Marco gap. With
the occurrence of the catastrophic earthquake of September 19, 1985, the
Michoacan seismic gap now has a very low probability for recurrence of a
great earthquake within 20 years. However, plate motions related to this
earthquake could cause stress to transfer to the seismic gap at Acapulco and
trigger a great earthquake there within the next few years. A study of
aftershocks of the great 1979 Colombia earthquake has been accepted for
publication (Mendoza, 1987). The study of this event in the context of the
great 1906 and 1958 earthquakes will help the probabilistic assessment for
the recurrence of great earthquakes in this region.

2. An evaluation of the ridge-push and slab-pull forces in the context of
stresses that lead to great subduction zone earthquakes has been completed
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(Spence, 1986, 1987). An important conclusion is that specific parts of a
subducting plate may be monitored for precursors to seismic gap-filling
earthquakes.

3. We have been integrating techniques of analyzing broadband data in the
data flow of the NEIC. Broadband data are now used routinely to increase
the accuracy of some reported parameters such as depth. By mid-1987, we
hope to implement a semi-automated package to compute radiated energy from
digitally recorded broadband data for all earthquakes with my > 5.8.

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

5. Several tsunami catalogs have been gathered prior to compilation of a
comprehensive tsunami catalog. Dr. Nishenko has designed a form for
systematically gathering and analysing tsunami data. Curreatly, there is no
uniform approach to this data acquisition.
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Analysis of Earthquake Data from the Greater Los Angeles Basin
and Adjacent Offshore Area, Southern California

#14-08-0001-G1328

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

INVESTIGATIONS

Analyze earthquake data recorded by the USC and CIT/USGS networks during
the Tast 12 years in the Los Angeles basin to improve earthquake locations
including depth and to determine the detailed patterns of faulting in the
study region.

RESULTS

A study of the seismotectonics of the Santa Monica bay-0ffshore area has
been completed.

One of the more difficult problems in southern California seismotectonics
is the relationship between left-lateral slip or underthrusting at the
Transverse Ranges and ongoing right-lateral strike-slip faulting in the
greater L.A. basin and adjacent offshore areas. To investigate this
relationship we have examined the seismicity from 1973 to 1985 for the central
and northern Santa Monica bay and the central Santa Monica mountains in
southern California (Saldivar et al., 1987).

The results of relocating 38 earthquakes (M >2.5) show scattered
seismicity in central and northern Santa Monica bay. No obvious spatial
clustering is observed around the surface traces of the numerous mapped faults
except near the north-northwest branch of the Palos Verdes fault (Figure 1).
The Santa Monica mountain block appears to be almost aseismic since only two
small events (M»2.5) are reported north of the Malibu coast. The spatial
distribution of background seismicity in Santa Monica bay, therefore, suggests
that the bay is a broad zone of crustal deformation and the transition from
strike-slip to reverse faulting does not cause anomalous spatial clustering of
seismicity.

To continue the search for the transition from strike-slip to reverse
faulting 20 single-event focal mechanisms have been determined. These
mechanisms show that strike-slip faulting mixed with some reverse faulting is
dominant in central Santa Monica bay while almost pure reverse faulting is
occurring in northern Santa Monica bay (Figure 2). The transition from mixed
strike-slip and reverse faulting to almost pure reverse faulting occurs
approximately along a north-south boundary that coincides with the aftershock
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zone of the 1979 Malibu (M_ = 5.0) earthquake. Hence the Anacapa-Dume fault
may form the southern boundary for almost pure reverse faulting to the south
of the Malibu coast. As the Anacapa-Dume fault approaches the Santa Monica
bay shelf, it probably joins up with the northwest extension of the Palos
Verdes fault through a series of en echelon discontinuous fault segments
(Figure 1). Some crustal shortening thus appears to be taking place
throughout Santa Monica bay with somewhat higher rate of shortening occurring
between the Anacapa-Dume fault and the Santa Monica fault.
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Figure 1. Relocated seismicity 1973-1985, M22.5 in Santa Monica bay.
(Rottom) North-south cross section A-al,
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SANTA MONICA BAY FOCAL MECHANISMS (M2 2.5)

Los
Angeles

z

Lower-hemisphere focal mechanisms for earthquakes
in Santa Monica bay 1978-1985. (Bottom) The actual

data where open circles indicate dilatation and
closed circles indicate compression.
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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

A study on the characteristics of pre and post- 1962 Western U.S.
earthquakes is 1in progress, with special emphasis on clusters. The
study has begun with well recorded modern events (post-1962) and will
proceed to (pre-1962) events later. Four major tasks will be addressed
over a two-year funding cycle. These tasks are:

1.) Extended analysis of low-gain recordings of earthquakes
occurring in the Imperial Valley and Northern Baja; to
fix the depths of main energy release (asperity concen-
tration).

2.) Analysis of body waves at all ranges using direct
inversion for fixed earth models, application of the
intercorrelation method to measure differences between
events and develop master events per region.

3.) Analysis of historic events (pre-1962) using the same
methods (masters) but on a more regional basis.
4.) Reassessment of events with sparsely recorded strong

motions using more accurate Green's functions computed
from laterally varying earth models.

Results

Some characteristics of earthquakes in the Big Bend region of
California were reported on at the spring SSA (87) meeting where we
investigated a few dozen events between Coalinga and Palm Springs.
Most of these events range in magnitude from 5 to 6 and sample a
limited portion of the crust. Accurate epicentral depth estimates
were obtained for post-WWSSN (1962) events from teleseismic short-
period depth phases and local array data. Source parameter estimates
were obtained by modeling P,; as well as regional and teleseismic body
wave data.

Relative stress drops were estimated from the relative amount of
short period strength my and Mj, relative to M,. Stress drop showed
no depth dependence on a regional or local scale. On a regional
scale, 15 strike-slip Southern California events were modeled. On a
local scale the 1983 m = 6.7 Coalinga earthquake and 6 of its largest
aftershocks were modeled. A1l of these were thrust events. It was
also determined that the results were not affected by an independent
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depth dependence of either moment or magnitude. The stress drop
appears to be more a function of fault roughness and repeat time rather
than depth.

Some preliminary results of pre-1962 events can be obtained by
comparing modern events recorded by the 3 component broad-band Galitzin
instrument operated at DeBilt, Netherlands since the early 1920's.
Excellent records have been collected for a number of modern events,
such as, Coalinga and its larger aftershocks, the Santa Lucia bank
events, Santa Barbara, San Fernando and the 1927 Lompoc earthquake.
All these events have a strong thrusting component implying overall
compression of the region.

In the remainder of this report we will discuss in some detail
progress made in modeling events in the 4 to 5 magnitude class which
have been neglected in recent years largely because of our recording
habits. These events are too 1large for local arrays to remain on
scale and too small to be seen on the global networks. Fortunately,
these events have been well recorded at regional three-component
long-period stations as displayed in Figure 1. This figure displays a
portion of the 1979 Imperial Valley mainshock along with a series of
smaller aftershocks. This event had about 12 aftershocks with magni-
tudes over 5 and hundreds of smaller events. The strong arrival near
the upper right of the records shown has a magnitude of 5.5. The
event labeled C has magnitude 4.8. Events A (m = 4.6) and B (m =
4.1), which look much alike on the longer period records, are not so
similar on the broad-band (1-90) recording. Since the paths from
events A, B and C to PAS are so similar, we can assume that the
differences are probably due to variations in source depth and source
parameters. However, in order to retrieve these source characteris-
tics, we must separate the propagational distortions caused by complex
crustal structures. In short, we require effective Green's func-
tions.

To derive such Green's functions requires at least one master
event or an event with known source properties in the general region.
The 1976 Brawley earthquake, with magnitude 4.9, serves this purpose.
The strong motion study done by Heaton and Helmberger (1978) determined
a complete set of source parameters so that we were able to study the
effects of propagation separately.

In general, flat layered and dipping layered models did not work
for modeling the seismograms with the proper timing. Thus, we used a
finite-difference scheme discussed by Helmberger and Vidale (1987) to
assure proper handling of the heterogeneity. A starting model was
obtained from a compilation of crustal studies (Hadley and Kanamori,
1977 and 1979; Fuis et al, 1982) followed by adjustments made by
fitting the waveforms and travel times of synthetics to whole seismo-
grams. Only one parameter of the model was adjusted at a time so that
we could systematically estimate the sensitivity of the synthetic to
each parameter. We first adjusted the structure in order to obtain
the correct waveforms, and then allowed variations in velocities to
obtain the correct arrival times. The best fitting model to date is
displayed in Figure 2 along with a profile of synthetics for a pure
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dip-slip and strike-slip source at a depth of 7 km. The sensitivity
to depth is given in Figure 3.

Following the modeling formalism discussed in previous papers, we
propose to explain long-period records occurring in the region by a
linear combination of the synthetics in Figure 3. A total of nine
events with unknown parameters, including the three 1979 Imperial
Valley aftershocks A, B, C, were digitized and rotated in SH-SV motions
in a test of the above hypothesis. The best fitting mechanisms and
corresponding synthetics are presented in Figure 4. Note that the
source depths are confined to be 3.5, 7, 10.5 or 14 km in the synthe-
tics but that none of these events appear to be_ deeper than 10.5 km.
The moment estimates are 3.5, 2.5 and 20.0 X 1022 dym-cm for the three
A, B, C events discussed earlier which does not agree with their local
magnitude very well. We are presently examining the other components
as well as refining the model to explain the secondary arrival that
appears for the shallow events, see aftershock B. This feature is
associated with shallow energy release which travels as a very slow
Love wave to the edge of the basin and then as a high speed Love wave.
This arrival is not seen in short period observations.
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AFTERSHOCKS OF IMPERIAL VALLEY 1979 EQ
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Figure 1: Aftershocks of the 1979 Imperial Valley Earthquake as recorded at PAS on
the long period (30, 90) instruments. Events A, B, and C were assigned M}, ’s of 4.6, 4.1
and 4.8 respectively.
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Figure 2: Top panel displays a structural model (cross-section) from Imperial Valley to
PAS. The velocities are: B; = 1.0 km/sec, 8, = 2.3 km/sec, B3 = 3.18 km/sec, B =
3.38 km/sec, B; = 3.78 km/sec, fg = 4.18 km/sec, 87 = 4.2 km/sec. The crust thick-
ens from 15 to 30 km at PAS. The Green’s functions are appropriate for a smoothed
de%a function with amplitudes above each trace ( x 107) cm for an assumed moment of
10" ergs.
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Figure 3: Green’s functions displaying the source depth sensitivity, namely 3.5, 7, 10.5,
and 14 km as recorded at the range of 262 km. Note the rather large changes in ampli-
tudes.
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Earthquake Source Parameters Using Regional Seismic
Network Data: Application to California and Eastern United States
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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.

3. Acquire USGS CALNET data for comparative seismic source studies with New
Madrid data.

Investigations

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

Using Q values inferred from the observed spectra, Lg-wave corner frequen-
cies are correctly obtained. Corner frequency-seismic moment scaling of the Lg
wave does not differ significantly from scaling based on short distance digital
recordings or from teleseismic studies.

2. Work continues on the January 31, 1986 Painesville, Ohio earthquake, with
effort directed toward understanding the strong motion record at a distance of 10
km away. The surface-wave focal mechanism can explain the horizontal com-
ponents of the strong motion record but the synthetic vertical motion is much
smaller than observed. An examination of USGS GEOS data, shows that some
aftershocks have a vertical to horizontal ratio much less than 1, as expected form
the modeling, but others very close to 1, as seen on the strong motion record, in
spite of the almost identical location of aftershocks.

A trip to USGS Menlo Park was fruitful in obtaining the GEOS digital data
set for cooperative research.

3. A sample CALNET data set was obtained from USGS, Menlo Park, for use in
the comparative study. Effort will be directed temporarily to extend a generic set
of computer programs for handling different types of data sets.
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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

-I.

1.

Tertiary crustal extension in northern California; in collaboration with
R. A. Schweickert.

2. A chapter titled "Geology and Plate Tectonic Development" for a
multi-authored bulletin on the San Andreas fault was completed and
submitted to Branch for review.

3. Distribution of radiolarian faunas in cherts of the Coast Ranges of
California, with special attention to Early Jurassic faunas and evidence
for northward translation of coastal terranes; in collaboration with C.
D. Blome and M. J. Rymer

Results

The Trinity arch in the Klamath Mountains of northern California is
believed to be the first example of a structural feature involving
ultramafic (ophiolitic) rocks that is analogous to a metamorphic core
complex. Northeast-trending normal faults and associated features in
the Klamath Mountains provide evidence that significant crustal
extension occurred during Tertiary (0ligocene-Miocene) time. These
faults cut across the older accretionary structural grain of the region,
forming grabens and half-grabens in which Tertiary continental beds
(Weaverville Formation) are preserved. Development of these faults is
thought to be related to broad arching of the Trinity ultramafic sheet
along a northeast-trending axis--the ultramafic sheet and associated
rocks of the central metamorphic belt being analogous to the domed
metamorphic core complexes of the eastern Cordillera. The Paleozoic
rocks of the Redding section and the Yreka terrane lie to the southeast
and northwest of the Trinity sheet, respectively, and are thought to be
extensional allochthons that are detached from their original positions
overlying the Trinity sheet. Evidence for the detachment nature of the
faulting is seen at the La Grange gold-placer mine on the southeast side
of the arch, where the Tertiary beds dip northwest 15° into the
mylonitic footwall surface of the La Grange fault that dips southeast
22°. The mylonitic footwall surface of the fault was exposed during
hydraulic mining of the overlying Tertiary beds of the hanging wall, and
now is spectacularly exposed for one-half mile along U. S. Highway 299 a
few miles west of Weaverville. Large down-dip displacement of the upper
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plate of the La Grange fault is suggested not only by the mylonite but
also by significant changes in bedrock across the fault. In addition,
the northeastern extension of the La Grange fault, which bounds the
southeastern side of the Trinity ultramafic sheet for more than 60 km,
locally cuts out much of the lower part of the Paleozoic strata of the
Redding section. Faults on the northwestern side of the Trinity arch
juxtapose stacked plates of lower Paleozoic strata of the Yreka terrane
against the Trinity ultramafic sheet, and suggest a detachment origin
for the Yreka terrane that is complementary to that of Redding section
on the opposite side of the arch. The overall geometric relations
suggest that the crustal extension was in northwest-southeast
directions. Preparation of a paper describing these relationships is
nearly completed.

Reports

No reports published this period.
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Seismicity Patterns and the Stress State in Subduction-Type Seismogenic Zones
Grants Number 14-08-0001-G-1099/1368

Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309-0449
(303) 492-6089

The research during the six months, December, 1986, through April, 1987, was con-
centrated on several types of follow-on studies of the May 7, 1986 Andreanof Islands Earth-
quake. The data set acquired by the Central Aleutians Seismic Network and teleseismic
stations provides an excellent base for a variety of investigations of earthquake processes
and precursory phenomena in subduction zones.

Aftershocks of the May 7, 1986 Earthquake and Other Aleutian Islands Events

The aftershock sequence of the My 8.0 earthquake has been analyzed to determine
the parameters of the time decay function and to learn if any of the larger aftershocks were
preceded by detectable changes in the aftershock occurrence rate. The analysis has been
based on the event catalogue reported in the Monthly Listings of the U.S.G.S. through
August, 1986, supplemented by the weekly PDE reports for events greater than magnitude
5 through February, 1987. A lower magnitude cut of m; 4.6 was used as the bound for
completeness of the Monthly Listing. The resulting data set consists of 247 events, my 4.6
or greater in the 105 days after the main event, 104 events, my, 5 and greater in 243 days.
Eventually, the catalogue based on the local network data will be analyzed also, but over
an order of magnitude more events have been logged and the hypocenter locations are now
complete only for the first few days after the main event.

The methods developed by Y. Ogata, Institute of Statistical Mathematics, Tokyo,
Japan, and applied by Ogata and Shimazaki, Matsu’ra and others, have been used to esti-
mate the parameters in the Modified Omori relation for aftershock occurrence: the
number of events per unit time n(t) = K/(t+c)P, which leads on integration to the
cumulative number of events:

N(t)=K[(t-+¢) P~ (S+¢)*P]/(1-p)

where S is the starting time for the sequence. The original Omori relation is a special case,
with p=1 and c=0. N(t) follows a logarithmic growth curve in that case. The time of the
main shock is taken as t = 0, but a later starting time, S, is usually used because some
events are often missed in the time immediately after a very strong main shock, so the
early part of the event list is incomplete. Ogata has developed a method for deriving max-
imum likelihood estimates of K, ¢, and p, which can be calculated for the whole time
sequence or any part of it. He has also extended the method to accommodate secondary
aftershock sequences following strong aftershocks of the original mainshock. Then, the
time variable is replaced by the “frequency linearized time” (FLT), which is the value of
N(t) calculated from the above relation. When the observed cumulative number is plotted
against the FLT, departures of the sequence from the modified Omori relation are easily
detected. A simplified version of Ogata’s program has been developed for use on a PC and
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applied in this research.

The results for the PDE catalogue are summarized in Figures 1 and 2. The sequence
with m, 5 and greater was started at 0.018 days, with event 10, that for my, 4.6 and greater
at 0.206 days, with event 50. The starting times are different because the data indicate
that the list is complete for the larger events at an earlier time. The results are:

for m,>5, K=10.03, p=0.989, ¢=0.000665 (Figure 1, top)
for m;>4.6, K=26.52, p=0.887, c=0 (Figure 2, top)

The plots show a drop in the occurrence rates, after event #77, 11.19 days, in Figure 1,
and after event #190, 21.855 days, Figure 2. The Omori parameters were calculated for
the intervals ending at these times and used to generate FLT plots for the entire data set,
the bottom part of the two figures. As measured by the Akaike Information Criterion, the
early parts of both curves are modeled much better and the decreased rates are
emphasized in the resulting plots, bottom of Figures 1 and 2. The parameter values are:

for my>5, K=10.97, p=0.950, c=0
for my>4.6, K=27.19, p=0.877, c=0

The reason for the difference in onset time of the rate decreases in the two data sets is not
fully understood, but may indicate the limits of time resolution possible with these data
when such a large total aftershock zone is involved. Further work, in which the zone is
subdivided into smaller sections, may clarify this point.

No changes in aftershock occurrence rates are found to be associated with the strong
aftershocks of May 15 (Mg 6.4), May 17 (Mg 6.6), or June 19 (Mg 6.3). The clear decrease
at day 11.19 (May 19) for the stronger events and day 21.855 (May 29) for the other data
set precede the June 18 event, but recovery does not follow shortly after the occurrence
and there is no basis for associating the two observations.

Various seismicity models that predict p values do not indicate that p should be
dependent on the lower magnitude cutoff. More work is needed to determine if the differ-
ence found here is real, and, if so, whether it is a general phenomenon.

One objective this research is to examine is whether the p value is a useful indicator
of basic mechanical properties of the fault, as suggested by seismicity models. The aft-
ershock sequence of the Mg 6.7 event of November 4, 1977, in the eastern part of the Adak
zone was also analyzed. The Adak catalogue data gave a value of p=0.666, the PDE data
(only 5 aftershocks) gave p=0.707. The smaller p value for this event, which occurred
within the aftershock zone of the May 7, 1986 earthquake, suggests that the rupture sur-
face for that event was characterized by a more heterogeneous strength distribution than
the much larger 1986 fault surface. This result is probably explained by the fact that the
properties for the larger event are averaged over a much greater area.

As a first test for variations in aftershock behavior along the Aleutian subduction
zone, the aftershocks of a Mg 6.6 event in the Shumagin Islands, October 9, 1985, within
the region well monitored by the Shumagin Islands network of Lamont-Doherty Geological
Observatory, were examined. This sequence does not fit the Modified Omori relation very
well. The p value for the data from the time of the main shock until the end of 1986 (446
days) is 0.709, close to the value for the November 4, 1977 Adak sequence. However, a
clear second sequence of aftershocks began with a strong event on November 14, 1985, and
efforts to fit this combined sequence have not been successful. In addition, the b-value for
this Shumagin sequence is unusually low, 0.35 to 0.45 for different time segments, suggest-
ing that either many smaller events are missing from the data set (not indicated by the
recurrence graphs) or that this fault has some very unusual properties.
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Coda Q in the Adak region Before and After the 1986 Andreanof Earthquake

The digital recordings of 330 microearthquakes during January 1981 to April 1986 as
well as 40 aftershocks in June and July 1986 in the Adak region were selected for this coda
Q study. The aim was to search for any spatial and temporal Q variations related to the
May 7, 1986 earthquake.

60 seconds of the seismograms after the S arrival were first passed through a digital
zero-phase-shift band-pass filter. The center frequencies were 1.5, 3, 6, and 12 Hz, with
band width 1, 2, 4, and 8 Hz respectively. In each frequency band the rms amplitudes in
consecutive two second windows were calculated, then corrected for the background noise
and geometrical spreading. The coda Q values were calculated from the coda decay rate
by using Aki’s single back scattering model. We used two windows for measuring Q in
order to achieve better spatial resolution. The first one, hereafter called Window 1, started
from 6.5 seconds after the S arrival and lasted for 30 seconds. Window 2 measured the
coda between 12.5 and 60.5 seconds after S. According to the single scattering model Win-
dow 1 samples roughly a 120 km-wide segment of the subduction zone. Window 2 samples
a segment twice as wide; i.e. about the same dimension as the rupture zone of the
mainshock. When the multiple scattering effect is considered, the sampling volumes are
likely to be smaller.

The resulting data set consists of approximately 1000 data points. Figure 3 shows
that the coda Q values in 6 Hz band increase as a function of mean longitude eastward to
about longitude 177°W, and then are roughly constant in the eastern part. This could be
interpreted as the eastern part of Adak seismic zone having higher Q value relative to the
western part. The extent of this high Q region could not be well defined. The west boun-
dary was a little west of Adak Canyon. The data from Window 2 were slightly peaked
between longitudes 176.5°W and 177°W. This may suggest that the high Q zone extended
deeper at this longitude range. We divided the stations and events into three groups. The
western group includes stations AD6, AD7, AK1, and events west of 177°W. The central
group includes station AD4 and ADS5, and events between 176.2°W and 177.2°W. The
eastern group includes AD1, AD2, AD3, and events east of 176.5°W. In Window 1 the
coda Q of the central and eastern groups was about 20% higher than that of the western
group. In Window 2 the Q of the central group was 20% higher than both the eastern and
western groups. These differences were statistically significant at very high confidence
level. To exclude the possibility that the coda Q differences were merely caused by the
station site effect, we compared the coda Q of events from the east and west region
recorded on the same group of stations. The results showed that the near-station site
effect contributed less than half of the spatial difference in Q. If we relate high Q with
high stress, this study agrees with our earlier work localizing seismic asperities.

The temporal coda Q variations were also studied carefully. In spite of large data
scattering, the one year average Q values were very stable for various station-event group-
ings. In Window 1 the mean values fluctuated generally within the range of £+ 10% of the
mean. The variation in Window 2 was even smaller. No consistent change in pattern can
be identified as the precursor to the mainshock. So if the precursory coda Q change
existed in our case, it might be less than 10% of the mean when averaged over one year
and over the sampling volume. Figure 4 shows an example of the temporal variation.
After the mainshock the coda Q decreased about 10% in the east region. The comparison
between the pre- and post-mainshock Q values in the west region is not available at the
present stage of analysis.
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Seismological Field Investigations
9950-01539

C. J. Langer
Branch of Geologic Risk Assessment
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1593

Investigations

1.

Peru postearthquake study--local/regional investigation of aftershocks
resulting from an Mg 7.8 earthquake of October 3, 1974.

Carbondale, Colorado, earthquake swarm--local investigation of an
earthquake swarm, April-May, 1984.

Results

1.

Nearly all aftershocks of the October 3, 1974, Peru thrust-faulting
earthquake (Mg 7.8) lie south of the main shock epicenter. The largest
aftershocks for which the regional network data are complete (3.6 ﬁ.Mbd.ﬁ
5.3), define a 'T'-shaped zone of about 13,000 km“ in area. A northwest-
trending subzone (NWSZ) of aftershocks which includes the location of the
main shock and largest aftershock, is midway between the coast and the
axis of the Peru-Chile trench. The NWSZ is 40-50 km wide, about 220 km
long, and extends subparallel to the coast, filling a previously
identified seismic gap between about 12° and 14°S latitude. Hypocentral
cross sections suggest that the NWSZ consists of two shallow dipping
(~7°NE) layers of aftershocks. The upper layer appears to be near the
interface between the Nazca and South American plates, and the lower
layer may be related to the base of the crust. A northeast-trending
subzone (NESZ) of aftershocks is perpendicular to the NWSZ at its
approximate midpoint, and extends landward for about 140 km to beneath
the coastal town of Chilca. Hypocenters in the more oceanward part of
the NESZ are principally confined to a 15 km thick zone, probably
interior to the Nazca plate, that dips about 30°NE until it terminates in
a dense cluster of aftershocks (Chileca cluster). In vertical section,
the Chilea cluster is tabular in shape and is comprised of aftershocks
that occur in both the Nazca and South American plates. Aftershock
depths range from shallow crustal for the most oceanward events, to a
maximum of about 65 km for hypocenters located beneath the coast. A
composite focal mechanism solution for 25 aftershocks in the NESZ is
well-constrained, and the preferred nodal plane parameters suggest
reverse and right-lateral differential motion within the subducting plate
along the northeasterly trend of NESZ aftershocks.

During the Carbondale, Colorado, earthquake swarm, a total of 34
earthquakes were located using regional data or local data from a
temporary network installed in the epicentral area. These earthquakes
were relocated with the method of Joint Hypocenter Determination (JHD) in
order to better delineate the source zone of the swarm. The majority of
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the earthquakes occurred about 7 km south-southwest of Carbondale, at the
northern terminus of the Elk Mountain anticline. The hypocenters do not
appear to lie on a single plane, but rather show a scattered distribution
between depths of about 2 and 7 km. Two first-motion composite focal
mechanisms were constructed from local data. One of these mechanisms
corresponds to normal faulting and the second suggests reverse faulting.

Ten of the JHD-relocated epicenters of the locally-recorded
earthquakes occurred about 7 km south-southwest of Carbondale, just north
of Thompson Creek and east of the Grand Hogback monocline. The
epicenters are situated at the northern terminus of the mapped axis of
the northwest-trending Elk Mountain anticline (Poole, 1954) and form a
slightly elongated cluster, 5 km by 3 km. Four epicenters are located
within a kilometer of the mapped axis of the west-dipping Grand Hogback
monocline (Tweto and others, 1978). These four are not considered to be
in the same seismic source zone, and so they will not be further
discussed. Similarly, the two epicenters just southwest of Redstone do
not appear to be related to the major cluster of earthquakes. These
southernmost earthquakes may be possibly related to coal mining
activities in the area.

The distribution of seismicity as a function of depth show a diffuse
distribution between depths of 3.2 and 6.5 km. The scatter of the
hypocenters along the crest of the anticline suggests that the
earthquakes did not occur along a single plane, such as a bedding plane,
but perhaps more closely represent a volumnar source,

Similarities between the Elk Mountain anticline, which is the
locality of the 1984 earthquakes, and the nearby Cattle Creek anticline
lead us to speculate about the possible role of the Eagle Valley
Evaoprite in the earthquake series. The Cattle Creek anticline is
described by Mallory (1966) as a salt diapir west-southwest of Glenwood
Springs. It is northwest of, and subparallel to, the Elk Mountain
anticline. The crest of the Cattle Creek anticline, like the Elk
Mountain anticline, is characterized by exposures of the Maroon formation
overlying the Eagle Valley Evaporite. Below the Eagle Valley Evaporite
in the Cattle Creek anticline is halite, interbedded with anhydrite and
siltstone (Mallory, 1966). Though the time of initial movement of the
Cattle Creek anticline is uncertain, it is believed that as arching
progressed, erosion removed surficial strata, thereby exposing Eagle
Valley Evaporite to meteoric stream water, and anhydrite was hydrated to
gypsum {(Mallory, 1966). Expansion accompanying the hydration of
anhydrite to gypsum ranges from about 30 to 58 percent, and thus the
pressure exerted by hydration has been estimated at 300 to 10,000 pounds
per square inch (Brune, 1965). The three factors that Mallory has
suggested as favoring flowage of halite at depth from marginal into
crestal areas of the Cattle Creek anticline are these: (1) removal of
overburden from the crest of the anticline, (2) weight of thousands of
feet of Maroon Formation on the flanks of the structure, and (3) the high
hydration pressure of anhydrite. Mallory (1966) further notes that
upwelling of halite at depth has tilted the terraces in post-Pleistocene
time, and that movement may still be taking place.

The similar geologic settings of the Elk Mountain anticline and the
Cattle Creek anticline suggest similar mechanics of deformation. For
this reason, we should consider the potential role of the Eagle Valley
Evaporite in the 1984 earthquake series. Of particular interest, and
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possible significance, is that the 1984 earthquake swarm occurred during
the spring following an unusually wet winter. The Colorado Climate
Center (Nolan Doesken, pers. commun., 1985, from Doesken and McKee, 1985)
reported levels of precipitation nearly one and a half times average
during the winter of 1983 and spring of 1984. This substantial
departukre from the long-term average is mostly accounted for by record
levels of snowfall in November and December 1983, as well as above-normal
precipitation during March and April 1984, Of further interest is a new
spring of water that developed during, or shortly after, the time of the
earthquake series (Bill Perry and Bruce Stover, pers. commun., 1985),
near Edgerton Creek, about 5 km southwest of Carbondale. Because the
winter-spring of 1983-1984 was characterized by above-normal
precipitation, ponding of additional runoff might have caused water to
enter cracks and joints in the Evaporite. As water reached anhydrite
beds, the expansion accompanying the hydration process would begin, as
gypsum was produced. The pressures generated by this expansion could
have been sufficient to generate the swarm of earthquakes which were
observed.

Because the spatial and temporal relationships, albeit somewhat
circumstantial, between the Eagle Valley Evaporite, the above-normal
precipitation and the earthquake swarm, we consider that to be a possible
cause for the events which occurred near Carbondale in April and May,
1984, However, we are reluctant to attach any great regional, or even
local, tectonic significance to what is in all ways a minor swarm of
seismic activity.
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San Andreas Fault Slip History Near Cholame, California
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J.J. Lienkaemper
Branch of Engineering Seismology and Geology
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345 Middlefield Road, MS 977
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(415) 323-8111, ext. 2759

Investigations

1. Slip histories of the Parkfield and Cholame segments of the San Andreas
fault .

Results

1. Special aerial photography was flown between Cholame Valley and Bitter-
water Canyon in October during low afternoon sun and at a sun azimuth
selected to preferentially illuminate stream channel walls and shadow
fault scarps. The large scale of the photos, 1:2400 (RF), makes it
possible to reconstruct the smallest offset channels (1 to 12 meters) with
at least as much reliability as ground inspection. The photos give the
advantage of a synoptic view of the entire offset channel segment without
the disadvantage of 1image foreshortening experienced by the ground
observer.

The three highest quality offset channels were pre-paneled and surveyed to
1-cm accuarcy for the purpose of producing detailed (0.25-m contour) topo-
graphic maps for making a more quantitative reconstruction of the 1857(?)
slip at these sites. The first of these maps was actually produced from
1966 photography by transferring the 1986 survey control by analytical
plotter at the USGS Western Mapping Center at Menlo Park. The older
photography was necessary because agricultural disking over the last 20
years had largely destroyed the offset.

I am nearly done with the task of interpreting the smallest offsets be-
tween Cholame Valley and Bitterwater Canyon on enlarged (approx. 1:400
scale) stereo pairs of air photos. The least equivocal sites have offsets
between 5 and 7 meters, and have no geomorphic evidence (e.g., lateral
bevels, rather than an abrupt offset) suggesting multiple events. Thus, I
believe, because they are widely spaced along the fault, that they prob-
ably do represent the upper boundary values of slip distribution associ-
ated with the great 1857 earthquake for the Cholame segment.

ReEorts

None during this report period.
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Investigations

Investigations were undertaken to: 1) determine more completely the areal
extentlzf sand blows in South Carolina; 2) determine the ages of sand blows
using C analysis of wood fragments in craters; 3) attempt to determine
relative strength of pre-1886 earthquakes, based on diameters and areal extent
of pre-1886 craters; and 4) back-calculate 1886 accelerations at sand blow
sites.

Results

l. Sufficient field data have been collected in coastal South Carolina to
show that: a) pre-1886 sand blow craters are substantially larger than
1886 craters beyond a radius of about 15-20 miles from Charleston airport;
b) at Hollywood, at least three different generations of pre-1886 craters
(all Holocene) are widely separated in time, and are much larger than sand
blows produced by the 1886 earthquake; and c) near the epicentral region
of the 1886 earthquake, there are multiple generations of very large, pre-
1886 Holocene sand blows. Thus, it tentatively appears that 1) earthquakes
stronger than the 1886 event have probably struck repeatedly during the
Holocene, and 2) the epicentral region(s) for these strong quakes is in the
general vicinity of the epicenter(s) for the 1886 earthquake. More field
data are needed to prove this model.

2. Sand blows have been found near Southport, N.C. The sand blows are
probably older than 5,000 years, as judged solely on the basis of the
degree of weathering in the filled crater.

3. An effort was made to locate ditches and pits in fluvial terrace deposits
along the Savannah River in the area between I-95 and the Barnwell nuclear
plant. No sand blows were found in the very few pits that were located,
but ditches and pits are so rare that it is impossible to make conclusions
about previous earthquakes. It is planned to take a boat down the Savannah
River and examine freshly exposed banks undercut by the river.

4., Lateral spreads have originated by liquefaction and shearing within shell

beds at many places in the Mount Pleasant, S.C. area. This unexpected
source bed appears to be associated with zones of intense weathering in
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shells, and thus weakening of the shells, apparently making them
susceptible to collapse and development of high pore pressure.

5. Two trips were made to the Hollywood ditch to collect cone penetration
data. The purpose of the data collecting is to back-calculate 1886
accelerations. This undertaking is a cooperative venture with Professor
Wayne Clough of Virginia Polytechnic Institute and State University.

Reports

None
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Investigations

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

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

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

4, Continue investigation of 10 characteristic earthquake sets (M > 4.0) in
the Stone Canyon/Bear Valley region of the San Andreas fault.

Results

1. An expanded set of 946 fault plane solutions was computed for aftershocks
(M > 1.5 ) of the 1984 Morgan Hill earthquake which ruptured the Calaveras
fauTt. This suite of data presents a complete picture of the aftershock
deformation throughout the region. 1In addition to the results reported in
Volume 23 of the Summaries of Technical Reports, we have considered in
greater detail possible explanations for the deviation of the stress field
inferred from the fault plane solutions from the field inferred from
regional geodetic data. We are collaborating with Robert Simpson of the
USGS who is modeling the elastic fields resulting from various dislocation
scenarios and are attempting to use these quantitative results to assess
the 1ikelihood that the respective dislocations would give rise to the
slip directions observed from the fault plane solutions. Models under
active consideration are the following: 1) the 3 degree bend in the trace
of the Calaveras east of San Felipe Valley, 2) a detachment surface
represented by the reverse fault plane solutions that dips to the east and
which intersects the Calaveras at a depth near 7 km, 3) rotation of the
block between the Calaveras and the San Andreas faults, 4) the effects of
a mismatch of Pacific-North American plate motion directions from the
local orientation of the Calaveras, 5) the left step of the Hayward fault
which bifurcates from the Calaveras to the north of Halls Valley, and 6)
variations in failure conditions on and off the Calaveras fault. We hope
these investigations will place limits on the absolute stress levels at
seismogenic depths. A preliminary manuscript was prepared describing the
calculation of the fault plane solutions, their interpretation in terms of
fault structure, and the implications of the solutions for the state of
stress.

2. A substantial effort was devoted to the collection, organization,

relocation, archiving, and documentation of all the CALNET earthquake data
since 1969, Programs were written to detect gross errors in the phase
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data and all data prior to 1985 were reprocessed using this program. A
program was written to merge phase data from separate networks into a
common set based upon the accompaning earthquake locations. Merging will

occur following the renaming of all the stations in CALNET to the new
“rational" names.

3. Existing computer programs which simultaneously invert local earthquake
traveltime data for the 3-dimensional velocity structure and hypocentral
parameters have been modified to generate output that can be used to
compute fault-plane solutions. Accompanying graphics software has been
developed to display the 3-D solution in perspective view.

The primary effort was devoted to refining the 3-dimensional velocity
model calculated from inversion of traveltime data recorded in the
vicinity of Coalinga, California. Data exhibiting large traveltime
residuals were investigated, and a series of inversions to examine the
effect of variable model scale were carried out. Seismic refraction
interpretations of the upper 5 km of the crust are being incorporated into
the model as "a priori" information.

4, High precision scaling of S-wave and coda wave amplitudes was completed
for a subset of the Stone Canyon characteristic earthquakes to determine
the temporal stability of coda waves. The 28 events studied occurred
between 1/34 and 6/86 and group into 8 source sets. Results from the
scaling of Wood-Anderson seismograms from Mt. Hamilton show that the ratio
of maximum shear wave amplitude to coda wave amplitude varies by as much
as 60 percent within a given characteristic set. The patterns of changes
have no obvious temporal association with the M 5.5 earthquakes occurring
in the region between the sources and receiver. It was also found that
the coda shape varied between source sets despite their separation of only
a few kilometers. An Open-File Report discribing these results is in
press.

The earth tidal stress and phase was calculated for the origin time of
each of the 37 earthquakes in the 10 Stone Canyon characteristic sets. No
consistent relationship was found between the event time and the phase of
the tidal stress. We conclude that variations in the earth's tidal stress
play little or no role in triggering the rupture of these sources.

Present efforts were directed toward the collection and processing of
digital seismograms for the characteristic event pairs from 1965 to 1986.
Spectral analysis will be carried out to determine the coherence of the
earthquakes as well as other similarities and differences in the sources.

ReEorts

Ellsworth, William L., Lynn D. Dietz, J. Frechet, and G. Poupinet, 1987,
Preliminary results on the temporal stability of coda waves in Central
California from high-precision measurements of characteristic
earthquakes: Redbook for USGS Conference on Intermediate-Term Precursors,
in press,

Eberhart-Phillips, D., 1986, Three-dimensional P- and S-velocity structure
at Coalinga, California: possible evidence for high pore pressure in the
hypocentral zone, EOS, Tran. Am. Geophys. Union, 67, 1222-1223.

Dietz, L. D., and W. L. El1sworth, 1986, A characteristic earthquake source at
Stone Canyon, California, EOS, Tran. Am. Geophy. Union, 67, 905.
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Mountain Run Fault Zone of Virginia
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Louis Pavlides
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U.S. Geological Survey
National Center, MS 928
Reston, Virginia 22092
(703) 648-6925

Investigations

Mapping within the Mountain Run Fault Zone (MRFZ) southwest of its "type area”
in the Unionville quadrangle of Virginia indicates it is polymictic; it
contains both mylonite and phyllonite as well as a late breccia phase. Some of
the foliated rocks contain two generations of chloritoid. In thin section,
this is demonstrated by early chloritoid alined along folded foliation and late
chloritoid along cleavage that is axial planar to the folded foliation with
early chloritoid. Thus, a complex picture of polydeformation and
polymetamorphism is emerging from this fault zone. Phyllonite that holds up
linear scarps is cut by unmetamorphosed and undeformed Mesozoic dikes, which
indicates that a large part of this fault had formed in pre-Jurassic(?) time.
However, as described last year, faulting occurred northwest of the scarp area
several times since the MRFZ formed and probably in the Tertiary as well as
possibly into fairly recent time.

During field conferences with geologists of the Virginia Geological Survey, the
MRFZ and its possible southwestward extension into Virginia were discussed and
evaluated by geologic reconnaissance. Since then, the MRFZ has been extended
by Conley (1987, Geological Society of America Abstracts with Programs, v. 19,
no. 2, p. 80) into southcentral Virginia. He notes that a 2.4 magnitude
earthquake epicenter near Carters Bridge, central Virginia, is located along
the trace of the Mountain Run Fault Zone.

Regorts

Kolata, D. R., and Pavlides, Louis, 1986, Echinodums from the Arvonia Slate,
Central Virginia Piedmont: Geologica et Paleontologica, vol. 20, p. 1-9.
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Seismotectonics of the Central Calaveras Fault
14-08-0001-G1084

Gary L. Pavlis
Department of Geology
Indiana University
Bloomington, Indiana 47405
(812) 339-4872

Atilla Aydin
Department of Earth and Atmospheric Sciences
Purdue University
West Lafayette, Indiana 47907
(317) 494-3696

Objective

To improve our understanding of the nature of the process leading to moderate
sized, strike slip earthquakes in California through combined geologic and
seismological investigations.

Investigation

This is a cooperative effort between groups at Indiana University and Purdue
University. = We have combined surface fault data mapped by Aydin with extremely
precise earthquake hypocenter location estimates for the source region of the 1984
Morgan Hill, California, earthquake (Figure 1).

Results

Comparison of the seismicity data to the mapped fault structures lead to three
major conclusions.

1. Seismicity is highly nonuniform along this section of the Calaveras fault.
Statistical analysis of the seismicity patterns indicate significant clustering of
earthquakes in space for both the preshock and aftershock seismicity. (Eneva and
Pavlis, 1988). Correlation of the seismicity with the surface fault geometry
indicate this clustering is due to a concentration of activity at major stepovers in
the fault zone.  Activity is concentrated at major right (extensional) stepovers in
Halls Valley and San Felipe Valley, and at the left (compressional) stepover
southeast of Anderson Reservoir (Figure 1).

2. Strong motion data (Hartzell and Heaton, 1986) and the aftershock data
(Cockerham and Eaton, 1984) indicate the Morgan Hill mainshock rupture terminated a
few kilometers southeast of Anderson reservoir. The 1979 Coyote Lake earthquake
rupture also appears to have terminated in this region (Reasenberg and Ellsworth,
1982). The surface fault map shows a major left step in this area which apparently
acted as a barrier to both earthquake ruptures.

3. There is a suggestion that two separate segments of the Calaveras separated
by the right step at San Felipe Valley formed the Morgan Hill event. The aftershock
and strong motion data indicate the initial rupture ran along an area from 6 to 10
km in depth from Halls Valley to San Felipe Valley. From there the rupture appears
to have expanded vertically to rupture through almost the entire seismogenic zone
(Hartzell and Heaton, 1986) until the rupture terminated southeast of Anderson
reservoir. We suggest this change may have been caused by the rupture jumping to
another strand of the Calaveras at the stepover forming San Felipe Valley. We note,
however, that other stepovers in the Halls Valley section do not appear to show a
similar behaviour.
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Figure 1. Fault map and seismicity of the source region of the 1984 Morgan
Hill earthquakes. All earthquakes from 1978 to March 1986 were relocated using the
velocity model from Cockerham and Eaton (1984). These are plotted as small circles
on this map. Mapped faults shown are all strike slip. Dashed traces are less
certain.  Dip slip faults were also mapped, but are not plotted here.  Anderson
Reservoir (AR) is also shown for a geographic reference point.
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RANGE EARTHQUAKE SEQUENCE
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Seismological Laboratory, Mackay School of Mines
University of Nevada, Reno, Nevada 89557
(702)-784-4975

INVESTIGATIONS:

Our objective is to determine source parameters for the main shock and many of the aftershocks of
the 1984 Round Valley, California earthquake sequence, and interpret this with respect to the details of the
aftershock development. We have determined the source paramters of 26 aftershocks, My >2.7, using a
pulse width technique (Frankel and Kanamori; 1983) and the short period clipped records. Source parame-
ters for the Round Valley mainshock have been determined incorporating local strong motion records,
region surface waves, teleseismic body waves, and short period first motion data. Also. we have pursuded
analysis of the foreshock sequence of the 1986 Chalfant, California earthquake.

RESULTS:

The 1984 Round Valley earthquake has been one in a series of moderate size M =6 earthquakes to
have occurred in the Mammoth Lakes-Bishop, California area since 1978. The most recent of this series,
the 1986 Chalifant, California sequence, took place 15 km to the northeast of the Round Valley epicentral
area and included 5 events over M 5. These sequences have occurred within the U.S. Geological Survey-
University of Nevada local short period network, which has provided an excellent data set for determining
the character of earthquake activity in this area.

Source Parameters of the Mainshock

We have determined several source parameters for the mainshock. Telseismic body waves (phases P,
PP, PcP, PKP, PS, S, SS, SSS, ScS, and SKS) have been inverted for the moment tensor representation of
the source, and the Round Valley mainshock can be represented by a simple double couple. Our moment
tensor solution is similar to that obtained by Barker and Wallace (1985) using P and SH teleseimic body
waves. Both of these studies have determined the mechanism to have been left-lateral nearly pure strike
slip on a vertical northeast striking plane. This is important in terms of the controversy that has surrounded
several of the M; 6 events in the Mammoth Lakes area that have shown a significant non-double couple
component in the moment tensor solution. These non-double couple solutions have been interpreted by
Julian (1985) to have resulted from magma injection. A strong motion instrument, operated by the Califor-
nia Division of Mines and Geology (CDMG), recorded the mainshock at an epicentral distance of 3 km.
This trace has been digitized and used to determine the high frequency spectra. Surface waves at regional
distances have been fit to synthetics in a forward sense to determine the long period level, and give a
seismic moment of 7.94 x 10%*. A composite spectra has been constructed from the the high frequency
spectra from the strong motion record and the long period level determined by surface wave fitting. The
spectra has a cormner frequency of .4 Hz and assuming a circular source and a Brune (1970) model this
returns a stress drop of 89 bars. This is in reasonable agreement with the stress drop determined by
estimating the source area from the aftershock distribution. An approximately 36 km? area free of aft-
ershock activity on the mainshock fault plane is the apparent slip surface of the event. Using this area and
the surface wave moment the stress drop is 49 bars and the slip is 73 cm for the mainshock. The short
period focal mechanism, the early aftershock activity and the moment tensor solution all indicate that the
Round Valley mainshock took place on a near vertical northeast striking plane, and the focal mechanism
and moment tensor solution agree on the sense of motion as nearly pure strike slip.
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Round Valley Aftershock Sequence

The Round Valley sequence is characterized by two conjugate planes of seismicity; one nearly verti-
cal plane striking N30°E associated with the mainshock and the other striking N40°W and dipping 55° to
the NE which conforms to a suggested extension of the Hilton Creek fault, a major holocene fault (Malcom
Clark, unpublished research). The mainshock occurs near the intersection of these two planes. This is the
first activity that has been directly associated with the Hilton Creek fault since the Mammoth Lakes-
Bishop, California sequence began in 1978. Focal mechanisms indicate nearly pure left-lateral strike slip
faulting on the deeper vertical plane and right- lateral strike slip to obique stip on the N40°W plane. The
mode of slip was left-lateral strike slip in the first day of aftershock activity and became dominantly right-
lateral strike slip as the sequence progressed.

Source Parameters of Aftershocks (Pulse Width Technique)

We have selected the pulse technique of Frankel and Kanamori (1983) and O’Neill and Healy (1973)
to determine source parameters of a number of aftershocks between M; =3 and 4. This technique is applied
to the clipped velocity records of the local short period network. Although first pulses are generally
clipped for this magnitude range and distance (=10 km), pulse widths are preserved (Ellis and Lindh,
1976). The technique involves substracting the pulse width of small events (< My, 2) from that of the larger
events, effectively deconvolving the path and instrument effects. The small event should be as close as
possible in space (=1 km or less for this study) to the larger event so as to have nearly the same travel path.
The corrected pulse width is then assumed to represent the source process time, and the source radius can
then be calculated directley (Boatwright, 1980). To apply this technique, assumptions must also be made
about the source geometry and the rupture velocity. The stress drop is then calculated by scaling source
radius measure to the seismic moment. We have used a moment magnitude scale (Chavez and Priestley,
1985), and magnitudes have been determined from the short period records using a duration magnitude
scale or from regional broadband recordings converted to Wood-Anderson equivalents. This has been
somewhat of a problem. Duration magnitudes are not consistent with regional magnitude determinations.
In fact the duration magnitude has been systematiclly .4 My higher than the Wood-Anderson equivalents.
Duration magnitudes have been calibrated to the California Richter magnitude and this difference is
apparently due to different attenuation properties in the Basin and Range. Therefore stress drops of indivi-
dual events are considered at this time to be only relative values.

We have determined the source parameters of 24 aftershocks and 2 foreshocks of the Round Valley
sequence using this technique (Table 1). There is no correlation between stress drop and M, in the events
studied to date, but there is a relationship between stress drop and depth (Figure 1). Higher stress drops are
associated with those events located at the edge of the apparent slip area of the mainshock where higher
stresses would be expected (Das and Sholz, 1981). The two events with the highest stress drop values
occur at the southern end of the mainshock rupture surface at a depth of 13 km. Focal mechanisms for
these events are not consistent with the general trend for events located on the N30°E mainshock fault
plane, but indicate fault planes striking N60°E.

Chalfant Foreshock Sequence

The M; 6.4 July 21, 1986 Chalfant, California was preceded by a distinct foreshock sequence. The
largest foreshock, My 5.7 occurred 24 hours before the mainshock and within a dense cluster of activity
which began on July 3. This cluster was confined to a very small volume of the crust, depth 7 km, and
included 8 events over My 3. As at Round Valley, two nearly conjugate planes of seismicity are also the
character of the Chalfant sequence. One conforms to the slip area of the My 5.7 foreshock striking N30°E
and dipping 55°NW and the other is associated with the mainshock, striking N25°W and dipping 70°SW.
The hypocenter of the mainshock is located within an off-fault cluster of activity perpendicular to the slip
area of the M; 5.7 event. Not only is there an increased shear stress at the edge of a ruptured surface but
there is also an predicted increase perpendicular to the faulted area (Das and Scholz, 1981). This appears
to have been the triggering mechanism of the mainshock. Aftershocks of the My 5.7 foreshock indicate
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that this event ruptured exclusively in the upper 10 km of the crust. This sequence is similar to the 1980
Mammoth Lakes sequence in that shallow clustering which preceded a shallow Mj =6 event was followed
by continued activity at the My, 6 level.

Reports
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Basement Tectonic Framework Studies
Southern Sierra Nevada, California

9910-01291

Donald C. Ross
Branch of Engineeriing Seismology and Geology
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111 ext., 2341

Investigations

1.

Preparation, and revision following technical review, of report summariz-
ing data on mafic rocks of the southern Sierra Nevada.

2. Preparation of summary text and description of map units to accompany re-
connaissance geologic map of basement rocks of the southern Sierra Nevada
(at a scale of 1:250,000).

3. Compilation of data from some 1600 modal analyses of granitic rocks from
the southern Sierra Nevada and preparation of a report that summarized the
data by rock type for the entire area and for each of some 67 granitic
bodies.

Results

1. Mafic and ultramafic rocks (exclusive of the large gneissic complex in the

Sierran tail) in the southern Sierra Nevada fall into possibly three age
groups., Most are probably Cretaceous, are largely gabbro and gabbronor-
ite, and form generally small remnants engulfed by granitic bodies. This
group is concentrated along the west side of the batholith near latitude
36 00' north, but smaller, possibly related patches are scattered else-
where throughout the batholith. Many of these bodies are altered in part,
or completely, to amphibolite composed chiefly of intermediate plagioclase
and amphibole (variously represented by dark colored hornblende and light-
er colored acicular antinolitic and cummingtonitic types).

A body of olivine gabbro near Bodfish, much altered to amphibolite and
fragmented by lateral movement of the Kern Canyon fault, is cut by dark
dikes that may be related to the Independence dike swarm of possibly
Jurassic age. Dated Jurassic gabbroic rocks also occur at Eagle Rest Peak
north of the San Emigdio Mountains, but these outcrops are separated from
the Sierran basement by younger rocks and they may be structurally separ-
ate from the Slerran basement, as they are different from other Sierran
mafic basement rocks.

Probable dikes of the Triassic quartz diorite of Walker Pass intrude the
Summit gabbro on the east side of the southern Sierra Nevada, These
sparse data suggest Triassic (or older), Jurassic, and Cretaceous pulses
of mafic plutonism in the southern Sierra Nevada.
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2. The areal distribution of granite, granodiorite, tonalite, and quartz
diorite in the southern Sierra Nevada has been determined using the modal
averages of some 67 granitic bodies (based on the IUGS igneous rock
classification),

Granite, which occurs in many relatively small bodies, is widely scattered
through the eastern and central part of the study area.

Granodiorite is by far the most abundant rock type, underlying more than
2700 kmz, mostly in the east and central part of the batholith,

Tonalite forms an almost continuous belt along the west side of the batho-
lith., Tonalitic granitic rocks are also common in the gneissic complex of
the Sierran tail, where they are less commonly in readily mappable dis-
crete bodies, and more commonly mixed with gneissic and mafic rocks.

Quartz diorite is only sparsely represented, but some relatively large
bodies, seemingly anomalous is the eastern part of the batholith, are old
Triassic remnants engulfed in the younger, more felsic plutons, Quartz
diorite is also abundant in the gneissic complex of the Sierran tail but
not readily separable into discrete bodies,

Regorts

Ross, D.C. 1987, Metamorphic framework rocks of the southern Sierra Nevada,
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EARTHQUAKE HAZARD STUDIES USING NETWORK AND GEOLOGIC DATA IN
NEW YORK STATE

USGS 14-08-0001-22024

Leonardo Seeber and Lynn R. Sykes
Lamont-Doherty Geological Observatory of Columbia University
Palisades New York 10964

Purpose

This project is concerned with fundamental aspects of intraplate neotectonics and
seismogenesis along the Atlantic Seaboard and the Appalachians, with special emphasis on
New York State and surrounding areas.

Data

Earthquake data provide the main basis for the work in this project. These data include
hypocentral data from the New York-New Jersey Seismic Network operated by the
Lamont-Doherty Observatory (L-DGO) during the last 15 years and from temporary
networks of portable seismographs, early instrumental data, and historic data on felt
reports. Geologic and geophysical information also play an important role in this research,
but most of the work dealing with those data falls within the scope of other projects which
are complementary to the project discussed here.

Investigations

1. Detailed investigations are being carried out of recent important earthquake sequences
in the northeastern U.S. The 1985 earthquake sequence in Westchester County (Figure 1)
is being investigated for the geometry of the seismogenic faults and their relation to surface
faults. The time-space migration of events in this sequence may yeald evidence of aseismic
deformation. A detailed intensity data set was compiled for the main shock of the
Westchester sequence; these data are being compared to surface geology and morphology
to establish a basis for seismic zonation and to serve as calibration for deriving source
parameters from preinstrumental earthquakes. Other earthquake sequences being
investigated include: the ML=4.1 Martic 1984 sequence in eastern Pennsylvania; the
Ms=5.3 Goodnow 1983-85 sequence in the central Adirondacks; and the Ms=5.0 January
1986 sequence near Cleveland, Ohio.

2. The study of seismicity induced by flooding in an abandoned deep iron mine in the
Adirondacks.

3. Possible changes in the distribution of earthquakes over time and over the magnitude
range are being investigated by comparing seismicity as derived from network data in the
last 15 years, and as derived from preinstrumental data in the last 250 years. This
comparison includes improvements of the macroseismic data base and a new interpretation
of these data for source parameters.

4. Development of MACRO, an algorithm that fits the intensity data from an earthquake
with a prescribed intensity distribution by parametrizing the epicenter coordinates, felt area,
and the rate of intensity fall off with epicentral distance. Magnitudes are derived from felt
areas. This algorithm is being tested using recent data and is being applied to
preinstrumental data.
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Results

The Newark Basin is associated with a prominent seismic zone (the NBSZ) and is one of
the best examples of seismicity controlled by preexisting features along the Appalachians
and Atlantic Seaboard. Following a pattern noticed for other basins along the Atlantic
Seaboard, seismicity is clustered around the Basin, while few reliable epicenters fall within
it. This is surprizing, since similar Paleozoic crystalline rocks surround and floor the
Basin. In the NBSZ, coverage of seismicity starts in the mid 1700s and the 1737 New
York City earthquake is the first known prominent event. We improved constraints on
preinstrumental events by examining archival sources and by applying MACRO (see
above).

Generally, the NBSZ maintains similar characteristics through the historic and the recent
instrumental periods. Several persistent sources of historic seismicity, such as Lancaster
Co., Pa., Willmington, DI., and the New York City metropolitan area, are found to
correlate with clusters of recent epicenters. Both historical and modern epicenters form two
belts on either side of the Basin. But, while most of the modern instrumental epicenters are
adjacent to the Ramapo border fault (Figure 2), the more prominent earthquakes (M>4) are
on the southeast side of the Basin and are broadly associated with the Martic-Cameron's
Line, a lower Paleozoic suture (Figure 3).

Our working hypothesis is that this difference between the long term and the short term
distributions of seismicity reflect a difference in the tectonic regime on the two sides of the
Basin rather than temporaral variations. Seismicity on the northwest side of the Basin is
confined within a relatively thin allochthonous slab of crystalline rocks, the Reading-
Hudson highlands Prong, and therefore tends to be shallow, to produce small magnitude
events, and, possiby, have a low maximum-magnitude cut off. In contrast, seismicity on
the sowtheast side of the Basin is associated with deeper reaching faults and therefore has a
lower b-value and higher maximum-magnitude cut off.

The large scale pattern of seismicity in the NBSZ follows major structural trends, but
contrasts with the geometry of faulting in recent events. The ruptures inferred for the
Mblg=4.0, April 23, 1984 Martic earthquake in Lancaster Co., Pa. and for the Mblg=4.0,
October 19, 1985 Ardsley earthquake in Westchester Co., N.Y. are transverse to the
border faults of the Basin and to Paleozoic structures that control them. Secondary faults of
Mesozoic or later age are correlated with these ruptures. In particular, the Dobbs Ferry fault
which had been identified before 1985 and the inferred rupture of the Ardsley earthquake
are coincident by a 5 km extrapolation (mostly in depth), within a small (0.5 km) margin of
error.

The structural control of seismicity may occur by reactivation of preexisting faults which
are still zones of weakness, or by concentration of stress around pockets of ductile rocks
distributed along these faults. Results from detailed geological and aftershock investigation
in the Goodnow epicentral region of the Adirondacks suggest that the latter hypothesis
applies in that region. We are now testing this hypothesis in the Manhattan Prong.
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1986 L. Seeber, Seismicity of the New York City area, The Geology of Southern New
York, p. 13-14, Hofstra University Symposium, April 1986.

1986 J. G. Ambruster, L. Seeber, and K. Locke, Historical and Modern Seismicity
around the Newark Basin, Northern New Jersey and Southern New York
(Abstract), Eastern SSA, Ottawa, Oct. 1986.

1987 Armbruster, J. G., and L. Seeber, The April 23, 1984 Martic Earthquake and
the Lancaster Seismic Zone in Eastern Pennsylvania, Bull, Seismol. Soc,
Amer,, in press.

1987 Seeber, L., and J. G. Armbruster, Seismicity along the Atlantic Seaboard of the
U.S. intraplate neotectonics and earthquake hazard, DNAG Volume on the
Atlantic Margin, in press.
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Fig. 1 . Detailed epicenter map of the Ardsley earthquake sequence and focal
mechanisms for the mainshock and the two largest aftershocks. Hypoellipse
errorbars are indicated for each epicenter. -
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Figure . Seismicity detected by the regional network and the Newark Triassic- Jurassic Basin. Location uncertainties for most
of the epicenters are smaller than the size of the symbols. Seismicity is concentrated in crystalline rocks adjacent to the Basin, but
is absent within and below the Basin. This relatively short sample contains mostly small earthquakes which are concentrated
along and northwest of the Ramapo Border fault. However, the two largest (M=4) earthquakes in the period covered by these
data (1970-1985), the 4/23/84 earthquake in Lancaster Co. southwest of the Newark Basin and the 10/19/85 earthquake in
Westchester Co., are located south and east of the Basin. Both these events occurred near the Lower Paleozoic suture
(Cameron's -- Martic Line), on the belt of seismicity, that is prominent in the revised historic catalog (Figure 8.). These events
ruptured faults transverse to this suture and to the trend of the Basin.
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Figure 3. Result of a reexamination of archival data and MACRO relocations of the seismicity
1800-1986, from Lancaster County, Pennsylvania to New York City. Error estimates are shown.

After this reexamination of the catalog the pattern of seismicity is much simpler. Compare to

Figure 1. Most of the epicenters are on a belt that appears to be associated with

Martic/Cameron's line (dark line), a Paleozoic suture.
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SALTON TROUGH TECTONICS AND QUATERNARY FAULTING
9910-01292

Robert V. Sharp
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
415-323-8111, ext. 2596 or (415) 329-5652

Investigations

l.

Lake Cahuilla calibration of scarp degradation dating method of Andrews
and Bucknam.

2. TField check of Imperial fault for surface movement triggered by the My 5.4
earthquake of 6 February 1987 near Cerro Prieto, Mexico.

3. Paleomagnetic sampling of the Imperial and Coyote Creek faults for evi-
dence of non-brittle deformation of young sediments near the fault traces
(with R. Weldon).

4, Preliminary trenching of San Andreas-related young faulting near Bombay
Beach (with M. Rymer).

5. San Jacinto fault zone structural mapping of Pleistocene sediments between
Borrego Valley and Salton Sea.

6. Resumption of measurement of near-field vertical surface deformation at
Harris Road on the Imperial fault.

7. Geometry of stepover dome between en echelon eastern breaks of the
Imperial fault at the U.S.-Mexico boundary.

Results

1. For application of the Andrews-Bucknam dating method to scarps in the Sal-

ton trough, a local calibration to augment calibrations already provided
by Lake Lahontan and Lake Bonneville shorelines is needed. An extensive
field reconnaissance of the latest Lake Cahuilla shoreline was made to
identify sites where degradation of the approximately 300-year old feature
could be measured in unconsolidated alluvial deposits. The search yielded
negative results in the sense that no sites appeared to have had the ini-
tial geometry employed in their degradation model, Z.e., a planar surface
extending upslope to the base of the shoreline embankment. Until a local
calibration is obtained, dating scarps in the Salton Trough by this method
appears to be inappropriate.
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No obvious surface features reflecting triggered creep were observed along
the fault trace on the U.S. side of the border 1.5 days after this event--
the strongest in this region since the 1981 Westmorland earthquake. An-
other check for delayed creep made on March 17 yielded a similar result.
The cumulative slip on the fault since the 1979 Imperial Valley earthquake
may now have reached asymptotic levels and further movement in surficial
materials appears to be inhibited even during strong shaking. The maximum
cumulative right-lateral slip since 15 October 1979 is now about 1.0 meter
at a site where 1979 coseismic slip was on the order of 0.4 meter at the
ground surface (at McCabe Road about 9 km north of the border).

Late Holocene sediment samples were collected at sites adjacent to and at
distance from the two traces of the Imperial fault at the U.S.-Mexico bor-
der and at the Coyote Creek fault a few kilometers southwest of Ocotillo
Badlands. The samples are now being prepared for measurement of paleomag-
netic orientation.

Young fault traces discovered and previously trenched near Bombay Beach
southeast of the known surface expression of the San Andreas fault (Sharp,
1979) have been investigated with new reconnaissance trenches at sites
where surface expression is absent. The faults were found in the shallow
subsurface, and stratigraphic contrasts revealed on opposite sides of the
fault indicate strike slip movement. A detailed trenching study to estab-
lish the movement history and to determine the extent and relation of
these breaks to the San Andreas fault will proceed.

1:24,000-scale structural mapping of the late Pleistocene and Holocene
folding and faulting in the complex deformational zone east and southeast
of the Clark and Coyote Creek faults is nearly complete.

The Harris Road leveling line was destroyed by repaving in the spring of
1986, ending an unbroken 10-year record of vertical deformation across the
Imperial fault trace. A new line was constructed in October and the first
remeasurement in March 1987 indicated no obvious shallow or surface fault
movement. This measurement confirmed the absence of triggered faulting
for the 6 February earthquake in Mexico mentioned above for this site.

Stratigraphic and structural details of a fragmented stepover dome have
been determined by additional trenching for this fault strand. This in-
formation agrees with the history established for the southwestern trace:
strata above an erosional surface have been offset once, during the 1940
earthquake, and strata beneath it have recorded the horizontal movements
of many events. The cumulative offset for both strands below this surface
probably exceeds 30 meters.
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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 or (415) 329-5653

Investigations

1.

2.

Continued investigations of Holocene movement along the San Andreas and
Hayward—-Calaveras—-Paicines faults (Perkins, Sims, Barclay).

Investigation of the long-term (10-5 Ma) slip history of the San Andreas
fault in central Caliofrnia (Perkins).

3. Calibrate fault scarp morphology dating technique to alluvial deposits for
use in slip-rate studies along strike-slip faults.

4. Detailed mapping of fault and alluvial deposits along a 70-kn-long reach
of the San Benito River in the Hollister region.

Results

l. The initial study of Holocene slip along the San Andreas fault at Melendy

Ranch (San Juan Bautista area) is complete, and the final written report
has Director's Approval. Fieldwork commenced on the second phase of the
Melendy Ranch study, which proposes to determine two additional Holocene
slip rates for the San Andreas fault. The second phase of study will
concentrate on age determination of the Qap and Qa alluvial deposits at
Melendy Ranch. These age data will be used to date displaced Qaz and Qaj
riser. The Melendy Ranch studies have the potential to produce three in-
dependent Holocene slip rates for the San Andreas fault in central Cali-
fornia.

Continuing studies along the Calaveras and Paicines faults in the Hollis-
ter region concentrate on two study sites; the Windfield Ranch along the
Calaveras fault and the Roberts Ranch along the Paicines fault. Trenching
and geomorhic studies at Windfield Ranch have resulted in a nearly l4-ka-
long average slip rate of 9.1 mm/yr for the Calaveras fault. Preliminary
results of trenching and geomorphic study at Roberts Ranch suggest a slip
rate of 20-30 mm/yr for the Paicines fault.

Additional work along the Calaveras fault north of Hollister, and along
the Hayward fault, concentrated on aerial photographic reconnaissance for
study sites likely to produce Holocene slip rates along these fault seg-
ments. The reconnaissance was conducted using pre-1975 photographs.
Field investigations of the three most likely revealed that these sites
have been destroyed by urban development or access is denied.
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2. 1Investigations of the Etchegoin Formation in regard to tectonism and slip
along the San Andreas fault is nearly complete. A 7.5 Ma average slip
rate of about 28 mm/yr for the San Andreas fault in central California has
been determined on the basis of a displaced hornblende-quartz gabbro
source terrace and age constraints emplaced by tephrachronoplogy. The
Open-File Report that contains the data and conclusions 1s complete. The
subsequent final written report went through review during this reporting
period.

3. Fault scarp morphologic dating technqiues have proven successful in slip-
rate studies of active dip-slip faults. This age-dating technique is not
readily amenable to studies of strike-slip faults, because vertical dis-
placement is wusually a minor component in strike-slip faulting events.
The lack of radiometric age data for displaced alluvial deposits along the
Paicines fault prompted an investigation on calibrating this technique to
alluvial formed scarps.

During this reporting period, we have obtained additional scarp profiles
from alluvial deposits of knwon age along the San Benito River. The re-
sulting diffusivities have thus far varied by a factor of two. Applying
these diffusivities to displaced alluvial deposits along the Paicines
fault produces imprecise slip-rate estimates, the most reasonable of which
range from 20-30 mm/yr.

4. Detailed mapping of faults and alluvial deposits along a 70-km-long reach
of the San Benito River was the basis for our fault investigation in the
Hollister region. Approximate 95 percent of the fieldwork and 50 persent
of the final drafting is complete.

Regorts

Perkins, J.A., Sims, J.D., and Sturgess, S5.S., Director's Approval, Late
Holocene movement along the San Andreas fault at Melendy Ranch: Implica-
tion for the distribution of fault movement in central California: Journal
of Geophysical Research.

Perkins, J.A., Branch Chief's Approval, Provenance of the upper Miocene and
Pliocene Etchegoin Formation: Implications for paleogeography of the late
Miocene of Central California: U.S. Geological Survey Open-File Report 87—

112



I-2

Seismotectonic Framework and Earthquake Source
Characterization (Continued)--Wasatch Front,
Utah, and Adjacent Intermountain Seismic Belt

14-08-0001-G1349

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. Statistical analysis of the University of Utah earthquake catalog.
2. Moment-magnitude relations for the Intermountain seismic belt.

3. Synthetic Wood-Anderson seismograms from digital network data.

Results

1. A collaborative project underway with Daniele Veneziano, Professor of
Civil Engineering at M.I.T., involves: (1) initiation of multi-step
"conditioning" (that is, accounting for homogeneity of size estimates,
event independence, and completeness) and processing of the University of
Utah's catalog of more than 11,000 earthquakes for the Utah region and
Intermountain seismic belt (ISB); and (2) preliminary processing of the
post-1962 seismicity catalog for the Utah region with the cluster-analysis
code of Veneziano and Van Dyck (1985, Electric Power Res. Inst. Project
P101-29). The purpose of (2) is to segregate independent and dependent
events and to investigate space-time-size behavior, especially in the
vicinity of the Wasatch fault. The procedure differs in two main respects
from other existing methods: (1) it automatically identifies the region in
space and time occupied by each cluster, and (2) it uses rigorous
statistical methods to flag groups of earthquakes that constitute
significant clusters. The analysis is "local" in time and space, so that
real clustering is confounded neither with spatial nonhomogeneity of
seismicity nor with temporal variations in the rate of events due to
incomplete reporting or long-term nonstationarity.

Figure 1 shows preliminary results of the application of this
clustering method to the University of Utah catalog by D. Veneziano and Y.
Shimizu of M.I.T. for the period 1962-1985. Of the 3003 events > M2.0,
2053 were classified as secondary and 950 as main events. As a group, the

*Graduate students K. Quigley and J. Shemeta also contributed sig-
nificantly to this project during the report pericd.
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secondary events were found to have a substantially higher b-value than the
main events.

The space-time distribution of the mainshocks and dependent events as
a function of latitude shows that independent mainshocks (Figure lb) define
a hosizontal band of less intense seismicity between roughly 39.5%N and
41.5 " N—encompassing the most active segments of the Wasatch fault.
Remarkably, dependent events for that same space-time compartment (Figure
1d) are even more notably sparse. The behavior of dependent events clearly
provides a new perspective—and raises the critical question of whether or
not this apparently suppressed aftershock behavior in the vicinity of the
Wasatch fault could represent a contemporary anomaly.

2. The validity of existing moment-magnitude relations for the ISB remains
open to question and has been the focus of ongoing study. The most
commonly used moment-magnitude relation for applications in the ISB is the
relation log M_ = 1.1 ME + 18.4 developed by Doser and Smith (1982, BSSA,
v. 72, p. 525—g51) for I5 earthquakes in the Utah region, ranging in
magnitude from 3.7 to 6.0. Using P-wave spectra from indirectly
calibrated stations of the University of Utah network, Peinado and Arabasz
(1985, BOS, v. 66, p. 954) determined values of M_ for a set of 16
earthquakes in the ISB in the magnitude range 2.5%t0 5.0. The resulting
M -l:{‘ relation of log M_ = 1.0 + 17.7 is similar in slope to that of
D3set and Smith (1982) But has aclearly different intercept.

The earthquakes analyzed by Doser and Smith (1982) all pre—date
digital recording by the University of Utah seismic network, so direct
comparison of measurements of M is impossible. The following test,
however, was made. Using the teéchnique of Bolt and Herraiz (1983, BSSA, v.
73, p. 735-748), amplitude and duration measurements were made on Wood-
Anderson seismograms (4 different stations) for earthquakes including those
for which Doser and Smith (1982), Peinado and Arabasz (1985), and also
Dziewonski and others (1984, Phys. Earth Planet. Int., v.34, p. 129-136),
had determined values of M . A quantity "psi" was determined for each
Wood-Anderson recording which is a product of an amplitude measurement, a
duration measurement, and epicentral distance. This quantity has been
shown by Bolt and Herraiz (1983) to provide an empirical estimate of M.
Results show that there are clear systematic deviations from the curve
calibrated for California, which is intermediate in prediction of M
between the data of Peinado and Arabasz (1985) and Doser and Smith {1982).
Mament estimates of Dziewonski et al., (1984) appear to relate more closely
to the data of Doser and Smith (1982). Thus, there remains an evident need
for more detailed study of MO—ML relations in the ISB.

3. We have developed and tested a simple procedure for creation of
synthetic digital Wood-Anderson seismograms using data from horizontal
component Geotech S-13 seismometers, which we are installing at seven
high-quality recording sites in Utah. Data from these stations will
provide greatly improved local magnitude (ML) determinations for Utah
earthquakes, after appropriate calibration of station corrections and
distance corrections. The free period (T) and damping constant (h) of the
S-13 seismometers are set to match those Sf a standard Wood-Anderson
seismometer: T _ = 0.8 sec and h = 0.8. Because the S-13 is a velocity
transducer whil® the Wood-Anderson seismograph essentially records
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displacement, the frequency response of the S-13 is approximately equal to
that of the Wood-Anderson instrument multiplied by iw, where w is angular
frequency. This applies to the complete recording system as well up to
about 12.5 Hz, where the amplifier gain begins to decrease. Thus, to
create a synthetic Wood-Anderson seismogram from an S-13 record, it is
necessary only to perform a numerical integration in the time domain or,
equivalently, divide by iw in the frequency domain. The latter is easily
accomplished by filtering with a lowpass, first-order, recursive
Butterworth filter with a corner frequency well below the frequency range
of interest, for example 0.2 or 0.02 Hz. We have tested these two
techniques using digital records from S-13 seismometers located next to the
photographically-recording Wood-Anderson seismograph in the vault at
Dugway, Utah. Comparison between synthetic and real Wood-Anderson records
demonstrates that these techniques work quite well.

Although this synthetic Wood-Anderson scheme can easily be implemented
digitally, we are currently planning to implement it in the hardware of the
recording system by adding analog filters between the discriminators and
the A/D converter on our PDP-11/34. The advantages of this plan are: (1)
it will simplify the routine determination of from the S-13 data, (2)
the filters will remove much of the high-frequency noise introduced by the
telemetry system, and (3) the filters will prevent aliasing of the recorded
signals, even for small, nearby earthquakes.

Reports and Publications

Arabasz, W.J., and E.D. Brown (1987). Observational seismology and the
evaluation of earthquake hazards and risk in the Wasatch front area,
Utah, submitted to U.S. Geol. Surv. Prof. Pap. on "Assessment of
Regional Earthquake Hazards and Risk Along the Wasatch Front, Utah."

Benz, H.M., and R.B. Smith (1986). Kinematic source modeling of normal
faulting earthquakes in inhomogeneous velocity structures, EOS,
Trans. Am. Geophys. Union, 67, 1112.

Bjarnason, I.T. (1987). Contemporary tectonics of the Wasatch front
region, Utah, from earthquake focal mechanisms, M.S. thesis,
University of Utah, Salt Lake City, Utah, 79 pp.

Bjarnason, I.T., and J.C. Pechmann (1986). Contemporary tectonics of the
Wasatch front region, Utah, from earthquake focal mechanisms, EOS,
Trans. Am. Geophys. Union, 67, 1107.

Brown, E.D., W.J. Arabasz, I. Bjarnason, and K. Quigley (1986). The March
1986 M 4.4 Japanese Valley, Utah, earthquake sequence: A type-case
study for central Utah, HOS, Trans. Am. Geophys. Union, 67, 1107.

Eddington, P.K., R.B. Smith, and C. Renggli (1987) . Kinematics of Basin-
Range intraplate extension, in Continental Extensional Tectonics,
M.P. Coward, J.F. Dewey, and P.L. Hancock, Editors, Geological
Society Special Publication, 371-392.
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Pechmann, J.C., and L.L. Leu (1986). Focal mechanisms for aftershocks of
the 1983 Borah Peak, Idaho, earthquake: Complex faulting within a
simple aftershock zone, EOS, Trans. Am. Geophys. Union, 67, 1107.

Smith, R.B., and W.J. Arabasz (1987). Seismicity of the Intermountain
seismic belt, EOS, Trans. Am. Geophys. Union, 68, 101.
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Dependent Events

Figure 1. Results from D. Veneziano and Y. Shimizu (M.I.T.)

of preliminary cluster analysis of the University of Utah's
earthquake catalog for 1962-1985. The catalog is complete
only within the area of the dashed rectangle. Arrows
indicate a band of latitude along the main seismic belt,
encompassing most of the Wasatch fault, in which the rate
of occurrence of dependent events and, to a lesser extent,
independent mainshocks, appears to be suppressed (see text).
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Great Earthquakes and Great Asperities, Southern California:
A Program of Data Analysis

USGS 14-08-0001-G-1096

Lynn R. Sykes and Leonardo Seeber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investieat

During the period of this grant the principal investigators and their colleagues have carried
out a number of major studies of earthquakes and tectonics of southern California. This
work has resulted in three papers being published, one in press that will soon be published,
one in preprint form that is nearly ready for journal submission and the final study "Fault
mechanisms associated with the southern San Andreas fault: Seismicity of the eastern
Transverse Ranges" by Williams, Sykes, Nicholson and Seeber is also in preprint form.

Results

The paper "Great earthquakes and great asperities, San Andreas fault, southern California”
by Sykes and Seeber was published in Geology in December 1985. They find that the big
bend region of the southern San Andreas fault consists of two great asperities that rupture
infrequently in great earthquakes. The eastern knot near San Gorgonio Pass, which has
not ruptured historically in a great event, is the main locus of plate motion, appears to
break in great events every few hundred years and is more advanced in the cycle of strain
accumulation than the western knot. The large size of these asperities results in the
properties of these earthquakes being nearly invariant over many cycles of great shocks.
An unusual sequence of moderate-size shocks within the eastern knot from 1940 to 1948 is
an example of the type of precursory phenomena that might precede a great earthquake.
The paper "Seismicity and fault kinematics through the eastern Transverse Ranges,
California : block rotation, strike-slip faulting and shallow-angle thrusts” by Nicholson,
Seeber, Williams and Sykes, was published in the Journal of Geophysical Research in
April 1986. This paper uses data from the southern California seismic network to study
focal mechanisms and detailed distribution of earthquakes in the major tectonic knot in
southern California near San Gorgonio Pass. Surprisingly, little seismic activity can be
directly associated with major throughgoing faults. Seismicity is generally absent in the
upper 5 km. This pattern of behavior appears to be typical of the inter-seismic period
between great earthquakes. Great earthquakes in this area, which appear to have a repeat
time of 300 to 500 years, are thought to mainly rupture the throughgoing faults. The
predominant style of faulting above 10 to 12 km is oblique slip with a large reverse (thrust)
component. The spatial distribution of relocated hypocenters and first-motion data suggest
the presence of left-slip faults striking northeast. The pattern of faults in conjunction with
an unusual set of normal and reverse focal mechanisms is interpreted as the clockwise
rotation of the small set of crustal blocks subjected to regional right-lateral shear. At depths
of greater than about 10 km seismicity defines a wedge-shaped volume undergoing
pervasive internal deformation and a combination of strike-slip and low-angle thrust faults.
A low-velocity seismic zone beneath the San Bernardino Mountains and the transition
between block rotation and the deeper style of deformation may correspond to a major
detachment under much of the region and would imply that the overthrust San Bernardino
Mountains are allochthonous. The present pattern of seismic deformation may change
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systematically as a region prepares to accommodate large right-lateral displacements in an
eventual future great earthquake.

The paper "Seismic evidence for conjugate slip and block rotation within the San Andreas
fault system, southern California” by Nicholson, Seeber, Williams and Sykes was
published in Tectonics in August 1986. This paper expands a number of the ideas
developed in the previous paper for the region near San Gorgonio Pass to other areas of
southern California. Again, the pattern of seismicity for small to moderate size earthquakes
of the past ten years indicates that much of that activity is presently occurring on secondary
structures, several of which are oriented nearly orthogonal to the strikes of major
throughgoing faults. Slip along these secondary transverse features is predominantly left-
lateral and is consistent with the reactivation of conjugate faults by the current regional
stress field. A number of small to moderate size crustal blocks are defined which are
undergoing contemporary rotation in response to the regional stress field. A rotational
block model accounts for a number of structural styles characteristic of strike-slip
deformation in California including; variable slip rates and alternating transtensional and
transpressional features observed along strike of major wrench faults; domains of evenly-
spaced antithetic faults that terminate against major fault boundaries; continued development
of bends and faults with large lateral displacements; anomalous focal mechanisms; and
differential uplift in areas otherwise expected to experience extension and subsidence.
Low-angle structures like detachments may be involved in the contemporary tectonics of
southern California. Changes in the translation of small crustal blocks and their relative
rotation parts could represent important premonitory changes prior to large to great
earthquakes along major throughgoing faults.

The paper "Block rotation along the San Andres fault system in California: long-term
structural signature and short-term effects in the earthquake cycle” by Seeber and
Nicholson, which is in preprint form, describes the rotation of small crustal blocks located
between closely spaced subparallel strike-slip faults. Block rotation can allow one of these
strands to grow at the expense of the other. Not only structural and paleomagnetic data,
but also recent small earthquakes provide evidence for block rotation of this type.
Associated seismicity often occurs on left-lateral secondary faults that strike northeast and
are symptomatic of block rotation. Examples of this phenomena are illustrated for Coyote
ridge, which is located between branches of the San Jacinto fault zone of southern
California and the complex rupture involved in the Coyote Lake earthquake of 1979 along
the Calaveras fault of northern California.

Bogen and Seeber (preprint) in their paper "Late Quaternary block rotation within the San
Jacinto fault zone, southern California” report abundant structural and seismological
evidence for block rotation during the past 0.94 million years or less in the region between
two major branches of the San Jacinto fault zone between Anza and Borrego in southern
California.

Williams, Sykes, Nicholson and Seeber (in preparation) examined fault mechanisms and
seismicity in the vicinity of the southernmost San Andreas fault and the eastern Transverse
Ranges of southern California. Data from the southern California seismic network for the
period 1977 to 1985 were used to study precise locations of small earthquakes, focal
mechanisms and the state of stress. The southernmost San Andreas fault in the Coachella
Valley is essentially quiescent at the microearthquake level. Relocation of earthquakes
using only stations northeast of the San Andreas fault, proximal to the activity but outside
the Salton trough does not seriously effect epicentral locations, suggesting the observed
offset of epicenters from the San Andreas fault is not an artifact of the velocity models
used. Many of the earthquakes in the broad region to the northeast of the San Andreas fault
occur along steeply dipping, left-lateral faults striking northeasterly. Focal mechanisms
involve strike-slip, normal fault or a combination of the two mechanisms. In contrast,
reverse and strike-slip faulting characterize San Gorgonio Pass and the region to the west
within the big bend region of southern California. These observations imply that relatively
high normal stresses of tectonic origin are present across the San Andreas fault in San
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Gorgonio Pass, while lower normal stresses are found across the southernmost San
Andreas fault from Palm Springs to the Salton Sea. One stress regime appears to be
associated with long repeat times for great earthquakes within the two major tectonic knots
in southern California whereas shorter repeat times are indicated for the other stress
regimes near the southernmost San Andreas fault.

The paper "Secondary faults associated with the 7 July 1986 Palm Springs earthquake
rupture on the San Andreas fault” (in preparation) by Seeber, Armbruster, and Tuttle
discusses a well defined aftershock zone that delineates the 10 km long NW rupture of the
1986 Palm Springs earthquake. Fault plane solutions in the main zone of aftershocks show
consistently oblique right-lateral and reverse slip on a NW plane dipping northeasterly, and
reflect the geometry of slip in the main shock. The sharp boundaries of the aftershock zone
appear to coincide with the intersection between the main strand and secondary faults.
Several secondary reverse and left-lateral faults were recognized primarily from seismicity
during the aftershock sequence. They observed that the lower limit of the Palm Springs
earthquake, about 13 km deep, coincides with the upper limit of a widespread zone of
midcrustal seismicity in the San Gorgonio Pass area and is bounded by the Palm Spring
earthquake, locally, and the Mission Creek fault, regionally. This zone may be associated
with a detachment as observed on fault plane solutions.

Pacheco and Nabelek (preprint) studied the source processes of three moderate California
earthquakes which occurred in July 1986. They determined that the July 8, 1986 M =5.9

Palm Springs earthquake had a simple rupture with most of the seismic moment released in
the first three seconds by a single pulse. The faulting mechanism is right-lateral strike-slip
with a sizable reverse component consistent with uplift of the Banning fault. The My =5.3

earthquake offshore of Oceanside on July 13, 1986 consists of 2 pulses that released most
of the moment in the first 3 sec. The source mechanism indicates reverse faulting and is
consistent with the missing component of plate convergence not taken up by the onshore
strike-slip systems. The source function of the My =6.2 Chalfant Valley earthquake which

occurred on July 21, 1968 indicates that in a 4 sec time window three asperities were
broken. The average parameters for this rupture indicate right-lateral strike-slip motion,
with a sizable normal component.

Continuing Studies

Continuing work on earthquakes and tectonics of southern California includes the
following studies: examination of regional time-space patterns of seismicity for the period
1932 to 1986 (Seeber, Armbruster, Williams and Sykes); analysis of teleseismic source
mechanisms of July 1986 earthquake (M >5) (Pacheco and Nabelek); documentation of

triggered slip on the southern San Andreas after the July 8, 1986 North Palm Springs
earthquake (Williams, Fagerson, and Sieh); and secondary faults and the 1986 North Palm
Springs rupture on the main strand of the San Andreas (Seeber and Armbruster).

lication
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Source and Path Effects for Northeastern U. S. Earthquakes—
Implications for Earthquake Hazards

14-08-0001-G1092

M. Nafi Toksdz and Anton M. Dainty
Earth Resources Laboratory
Dept. of Earth, Atmospheric and Planetary Sciences
Massachusetts Institute of Technology
Cambridge, MA 02139
(617) 253-7857

Investigations:

1). Separation of the effect of anelastic attenuation and scattering on the attenuation with
distance of pseudo velocity in the northeastern United States.

2). Total attenuation of the phase Rg as a function of frequency in the northeastern United states.
Results:

1). The mechanisms contributing to the attenuation of earthquake ground motion in the distance
range 10-200 km have been studied with the aid of laboratory data, coda waves and strong
motion attenuation measurements in the northeast United States and Canada, together with
theoretical models. The relative contributions to attenuation of anelasticity of crustal rocks
(constant @), fluid flow and scattering have been evaluated. Scattering was found to be strong
with albedo By = 0.9 and scattering extinction length (mean free path) about 17 km. The
intrinsic attenuation in the crust can be explained by a high constant @ (500 < Qo < 2000) and a
frequency dependent mechanism most likely due to fluid effects in rocks and cracks. A fluid-flow
attenuation model gives a frequency dependence (Q =~ Qo f%®) similar to those determined from
the analysis of coda waves of regional seismograms.

2). We have begun measuring @ for Rg as a function of frequency by the two station method.
The data set consists of USGS refraction data from explosions set off in Maine in 1986.
Preliminary results show @ decreasing from 60 to 20 as frequency increases from 1 to 4 Hz. This
is in the opposite sense compared to most other studies. The @ at 1 Hz is consistent with the
results for scattering mean free path cited in (1) above, i.e., it is a total Q.

Paper:

Toksoz, M. N., R. S. Wu and D. P. Schmitt (1986). Physical mechanisms contributing to seismic
attenuation in the crust. Submitted to Proc. NATO ASI ”Strong Ground Motion Seismology”,
Ankara, Turkey.
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Tectonic Analysis of Active Faults
9900-01270
Robert E. Wallace
Office of Earthquakes, Volcanoes, and Engineering
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-811, ext. 2751

Investigations

1. Tectonics of the San Andreas fault system.
2. Tectonics of the central Nevada and eastern California seismic belts.

3. International Geological Correlation Program (IGCP)--Project 206--Active
Faults of the World.

Results

1. Organized a group of authors to prepare a U.S.G.S. professional paper on
the San Andreas fault. Chapters are being written; some first drafts are
completed.

2. As member of panel on Seismic Hazard Assessment for NRC/NAS, participated
in several writing sessions and have in progress a chapter on "how
probabilistic seismic hazard assessment techniques capture earth-science
information."

3. Have in progress a joint paper comparing the San Andreas, Tan Lu, Alpine,
and North Anatolia faults and the Median Tectonic Line under IGCP project
206.

Regorts

l. Wallace, Robert E., and Morris, Hal T., 1986, Characteristics of Faults
and Shear Zones in Deep Mines: PAGEOPH, v. 124, nos. 1/2, P. 107-125.

2. Wallace, Robert E., 1987, Variations in Slip Rates, Grouping, and
Migration of Slip Events on Faults in the Great Basin
Province: Seismological Society of America Bulletin, v. 77.3, no. __,
P' L]
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Development of a Prediction Model for a Possible
1994+ 1.5 Kaoiki (Hawaii) Mainshock

USGS 14-08-0001-G1325

Max Wyss
University of Colorado, CIRES
Boulder, CO 80309
(303-492-5642)

Objective: In the Kaoiki fault zone main-shocks ranging in magnitude from 5.5 to 6.6
seem to occur at regular intervals of 10.4 years. The last one happened in November 1983. The
current part of the project aimed at improving the knowledge about historic earthquakes in the
Kaoiki source area, and to arrive at source parameters for these mainshocks.

Task 1: Macroseismic location of historic Kaoiki earthquakes are being derived
from a compilation of felt reports. This investigation is done jointly with R. Koyanagi of HVO.
Preliminary isoseismal maps have been drawn for earthquakes which occurred in Southeastern
Hawaii between 1868 and 1986. The intention is to use the macroseismic data of recent shocks
to approximately calibrate the location and size of the older events by comparison of the
isoseismal maps.

The availability of data is surprisingly good. The local newspaper(s) often provide consid-
erable detail on damage and felt reports. We have completed a thorough search of newspaper
accounts for all Hawaiian earthquakes listed in US-Earthquakes. Combining this information
with the felt reports filed at HVO the isoseismal maps for many events allow a reasonable esti-
mate of seize and location.

In addition we came across a new and extensive source of information on 19th and early
20th century seismic activity in Hawaii. The Lyman Memorial Museum is holding an earthquake
diary kept over decades by Mrs. Lyman and continued by her daughter in law. Collaborating
with the museum we have typed this earthquake list in camera ready form, and we are in the
stage of proofreading it.

We have also searched the Volcano Letter for additional earthquakes with intensity V not
mentioned in US-Earthquakes. It appears that the endproduct of the above mentioned efforts
will be a new catalog of historic Hawaiian earthquakes, with macroseismic maps for the bigger
events.

Task 3: Relative size of all mainshocks. Up to now we have concentrated on the most
recent 1983 event. This earthquake may have had a fairly complex source mechanism. By
analyzing the polarization of individual pulses on the strong motion records we are identifying
individual P- and S-phases. From these we will then calculate the origin of multiple rupture
events and try to estimate their individual fault plane solution. This task is difficult, and only
in its beginning stage.

Task 4: Seismicity patterns can only be well defined if the earthquake catalog is homo-
geneous. We have made an analysis of the reporting quality and consistency in the Kaoiki area.
Using the magnitude signature technique we confirm changes of reporting which were already
known, but we also find some unexpected changes. These will be discussed with HVO staff
before we interpret them.
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Geologic Studies for Seismic Zonation of the Puget Lowland
9540-04004

Brian F. Atwater
U. S. Geological Survey at Department of Geological Sciences
University of Washington AJ-20
Seattle, Washington 98195
(206) 442-2927 FTS 399-2927

INVESTIGATIONS

Analysis of samples and other findings from last summer’s paleoseismic
field work along Washington’s outer coast. The goal is to test the
hypothesis that great earthquakes have occurred in the Cascadia subduction
zone during the Holocene.

RESULTS

Plant remains from buried lowlands yield radiocarbon dates for four
episodes of rapid coastal subsidence in southwestern Washington. Corrected
for variations in atmospheric !'4C, these dates indicate that rapid
subsidence occurred about 300, 1700, 2700, and 3000-3400 years ago. The
dates of about 300 sidereal years (17th century A.D.) come from roots and
sticks along both the Niawiakum River (Willapa Bay) and the Copalis River—-—
sites that are 60 km apart along the strike of the Cascadia subduction
zone. Synchrony between the Niawiakum and Copalis sites, if exact, would
suggest some of the regionality that one should be expect of coseismic
subsidence from a great subduction earthquake. The earlier episodes were
dated only at the Niawiakum River. More work is needed to determine
whether these episodes had great coastwise extent and, if they did, whether
they represent the only four great earthquakes in southwestern Washington
during the past 3000-3400 years.

As for northwestern Washington, new dates confirm an age of about 1100
years for what appears to be the most recent episode of rapid coastal
subsidence along the Waatch River, near Neah Bay. The dates from the
Niawiakum River indicate that this subsidence did not extend to Willapa
Bay; conversely, the most recent episode of rapid coastal subsidence in
southwestern Washington does not appear to be represented-—-unless as
uplift-—-at Neah Bay. Such asynchrony could signify the division of the
Cascadia subduction zone into patches that are capable, at least sometimes,
of independent rupture.

REPORTS

Atwater, B. F., and Grant, W. C., 1986, Holocene subduction earthquakes in
coastal Washington [abstract]}: EOS, v. 67, p. 906.

Atwater, B. F., 1987, Evidence for great Holocene earthquakes along
Washington’s outer coast: Science (in press).

Nelson, A.R., Atwater, B. F., and Grant, W. C., 1987, Estuarine record of
Holocene subduction earthquakes in coastal Oregon and Washington, USA:
INQUA 12th International Congress, Ottawa (in press).
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DATING MARINE TERRACE DEFORMATION NORTH OF THE
MENDOCINO TRIPLE JUNCTION

CONTRACT no.: 14-08-0001-G1332

Glenn W. Berger, Don J. Easterbrook
Department of Geology
Western Washington University
Bellingham, WA 98225
(206) 676-3582

OBJECTIVES

This project began Feb. 15, 1987. The goal is to date suitable
eolian and waterlaid sediments by thermoluminescence (TL) methods (eq.
Berger, 1986), and thereby infer temporal relations between observed
uplift and displacement features in the area of Humboldt County,
northern California (eg. Carver et al., 1986). The applicable age
range of the method is from early Holocene to middle Pleistocene. To
assist in rejecting deposits that are too old for the TL method, we are
also employing some paleomagnetic analyses.

PROGRESS TO DATE

In lTate February we collected several samples with the assistance
of Drs. Burke and Carver from Humboldt State University. Principal
areas sampled were the mouth of the Mad River, Table Bluff terraces,
Centerville Beach terraces, and Trinidad Headland terraces.

Presently, samples are being prepared for TL analyses and for
paleomagnetic measurements. Analyses for potassium, uranium and
thorium have begun.

REFERENCES

Berger, G. W., 1986, Dating Quaternary deposits by luminescence--recent
advances: Geoscience Canada, v. 13, p. 15-21.

Carver, G. A., Burke, R. M., and Kelsey, H. M., 1986, Deformation of
late Pleistocene marine terraces along the California coast north
of Cape Mendocino: Geol. Soc. Amer. Absts. with Programs, v. 18,
p.
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Frequency and Magnitude of Late Quaternary
Faulting, Sierra Nevada, California

14-08-0001-G1334

Peter W. Birkeland and Margaret E. Berry
Department of Geological Sciences
University of Colorado
Boulder, Colorado, 80309
(303) 492-6985

Investigation

The history of late Quaternary faulting along the eastern
mountain front of the Sierra Nevada is being evaluated in the
area between Bishop and McGee (N) Creeks. One objective of the
project is to map the glacial sequences in valleys where
deposits have been offset by faulting. Materials suitable for
radiometric dating of the deposits are scarce; therefore, soil
development and rock weathering parameters are being used
extensively to give approximate ages to the deposits. Data
obtained from this work should allow the establishment of a time
frame for faulting from which rates of offset along the faults
can be approximated. The other objectives of the project are to
study soil development on the fault scarp slopes to gain
information about timing of fault events, and to excavate
trenches across two of the fault scarps to try to evaluate
frequency of faulting and amounts of offset associated with each
displacement event at these sites.

Prior work on the project has included mapping glacial
deposits in Bishop, McGee (S), Pine, and McGee (N) Creeks,
describing soils and collecting rock weathering data for each
deposit, profiling the fault scarps in the areas, and describing
soils on the fault scarp slopes. Work during the first four
months of the U.S.G.S.-funded project period includes 1)
continuation of the analyses of field data and calculation of
numerical indices that rank weathering by degree of development,
2) preparation of soil samples for laboratory analyses, 3)
preparation and submittal of charcoal for l4c dating by
accelerator mass spectrometry, and 4) planning and preparation
for the excavation of the two trenches which will be dug during
May and June of the 1987 field season.

Results

1) The Harden Index (Harden, 1982) is being calculated for 48
soil profiles which have been described and sampled in the field
thus far. Use of the index allows soils to be ranked
numerically by their relative degree of development, and thus
provides a method for comparing overall soil development from
one site to another. These values are being used to help group
deposits by age, and to help assess the length of time soils on
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fault scarp slopes have been developing. Rock weathering data
have been collected at 39 sites for a variety of parameters,
including rock fresh/weathered ratios, percent pitted rocks and
depth of pits, percent rocks with weathering rinds and thickness
of rinds, height of mafic inclusions weathered into relief,
surface boulder frequency, and ratios of oxidized/partially
oxidized/unoxidized boulders. To help evaluate the degree of
surface rock weathering at each site within a valley, z-scores
have been calculated for each parameter that increases in value
through time (z-score= individual value minus the mean devided
by the standard deviation). Z-scores are summed and devided by
the number of parameters used to give the z-score index. The
method allows many weathering parameters to be used together,
expressed as a single number for each site, to differentiate
between deposits of varying age. Use of the index results in
statistically significant groupings of glacial deposits in each
valley studied. Deposits fall into two groups in Bishop, McGee
(S), and McGee (N) Creeks, and are correlated with the Tioga and
the Tahoe glaciations. In Pine Creek, a three-fold subdivision
of glacial deposits is suggested. Deposits within two of the
groups are also correlated with the Tioga and the Tahoe
glaciations, however the age of the third group is debatable.
Laboratory analyses of the soils should help with the age
estimation. Groupings suggested by the surface weathering data
are supported by the soil field data.

2) Soil samples collected in the field are being processed for
particle-size, iron, pH, organic carbon, soluble-salts, and
moisture factor analyses. Processing includes sieving bulk
samples to remove particles larger than 2-mm in size, and
splitting out representative samples for each analysis using a
soil sample splitter. Data obtained in the laboratory analyses
should help establish relative ages of the faulted deposits, as
well as relative ages of soils developed on the scarp slopes or
buried at the base of the scarps. It is expected that ages
based on laboratory data will provide tighter age control than
those from the field data.

3) A small sample of charcoal was found at the base of a fault
scarp in McGee Creek (S) during the investigation of soil
development on fault scarp slopes. The charcoal was discovered
in a sand unit within a recessional Tioga outwash deposit. The
outwash had been offset by faulting and subsequently buried by
fault scarp colluvium. The charcoal, which was in sand-size and
smaller pieces, has been picked out and submitted for l4c
dating. Because of the small sample size, it will be analyzed
by accelerator mass spectrometry. The sample is important
because it is the only material found thus far which is suitable
for radiometric dating. The 14C date of this sample should
provide both an age for latest-Tioga glaciation in the valley,
and a maximum age for the faulting which created the scarp. The
date should also provide some age control for soil development
in the valley.
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4) Arrangements have been made for the excavation and mapping
of the two trenches, which will take place in May and June of
1987. One trench will be located in the Bishop Creek area,
across a fault scarp which displaces a Tahoe age moraine. Study
of fault scarp soils from hand dug socil pits suggests that this
scarp is pre-Tioga in age, and was formed during at least two
faulting events. A buried soil separates two colluvial units at
the fault scarp footslope. The lower unit contains many
grussified biotite-rich clasts. In contrast, biotite-rich
clasts are rare in the overlying unit. These characteristics of
the fault scarp colluvium suggest that enough time separated the
events to allow the biotite-rich lithology to be grussified and
thus depleted from parent materials of the upper colluvium. The
trench should reveal additional information about the history of
faulting at this site. The other trench site will be located in
McGee Creek (N) area, across a fault scarp which displaces a
recessional Tioga moraine. Field studies suggest that
displacement along this fault has occurred several times during
the Holocene.

References Cited

Harden, J. W., 1982, A quantitative index of soil development
from field descriptions: examples from a chronosequence in
central California: Geoderma, v. 28, p. 1-28.
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Surface Faulting Studies
9910-02677

M.G. Bonilla
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2245 or (415) 329-5615

Investigations

1.

2.

3.

Minimum earthquake magnitude associated with coseismic surface faulting.
Appearance of active faults in exploratory trenches.

Preparation of reports.

Results

1.

The scope of the study of minimum earthquake magnitude associated with co-
seismic surface faulting was expanded by adding more events of magnitude
<6 and compiling data on focal depths, intensities, and fault damage to
structures. The basic finding is unchanged--the smallest earthquakes with
reported coseismic surface faulting are of about M; 5; however, a combined
empirical and theoretical analysis suggests that under ideal conditions,
coeseismic surface faulting of a few millimeters associated with earth-
quakes having moment magnitudes as small as 3 could be recognized by
simple field methods. Among the ideal conditions are a fault plane at
shallow depth having a steep dip, timely and detailed field examination,
good exposures, and situations unfavorable for compaction, liquefaction,
landsliding, and other surficial effects of earthquakes. Earthquakes in
the M 5 to 6 range have produced maximum reported intensities ranging
from IV to IX; the associated surface faulting has damaged pipelines and
house foundations, and some of it was large enough to have damaged more
important structures had they been present.

Some recently compiled data from exploratory trenches were analyzed by
J.J. Lienkaemper. Statistically significant differences at the 95% con-
fidence 1level were found in the frequency of occurrence of concealed
ruptures on different types of faults and in different materials. Con-
cealment of segments of fault strands is most common on strike-slip
faults, intermediate on reverse-slip faults, and least common on normal-
slip faults; soil horizons and sand more commonly conceal strand segments
than do gravel or clay.

Manuscripts on a) minimum earthquake magnitude associated with coseismic
surface faulting, b) faulting and seismic activity related to engineering
projects, and c¢) the 1983 Guinea earthquake and faulting were revised
after technical review by journal editors.
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Reports
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SOIL DEVELOPMENT AND DISPLACEMENT
ALONG THE HAYWARD FAULT

14-08-0001-21929
Glenn Borchardt
California Department of Conservation
Division of Mines and Geology
380 Civic Drive
Pleasant Hill, CA 94523-1997

(415) 671-4926

Investigations

1. Fremont City Hall study site

Phase two of the trenchexploration willcontinue in May in collaboration with
Jim Lienkaemper and Dave Schwartz of the U.S. Geological Survey. We will excavate a
short perpendicular trench for determining the exact location and width of the fault
zone and two long trenches that will be parallel the fault and as close to it as the
shearing within the zone will allow. We hope to uncover both the northern and
southern margins of the paleostream channel that we found offset by the Hayward
fault in the first phase of the investigation. We expect this to give us a rela-
tively precise match and corresponding offset measurement. Three earlier trenches
may be lengthened a few meters to determined the southern margin of the channel in
each.

2. Point Pinole study site.

The East Bay Regional Park District has approved the trench exploration plan
for Point Pinole Regional Shoreline, with the work scheduled to begin in June. Two
small trenches about 50 m apart will be excavated perpendicular to the strike of the
mapped trace of the fault immediately southeast of the Southern Pacific fuel oil
line. Two long trenches will be excavated parallel the fault on the margin of a
late Holocene alluvial fan. Other trenches will be dug along strike to the
northwest in an effort to precisely locate the fault and to determine if the fault
offsets the 1,360 B.P. bay mudunit thatoverlies apaleosolat the 38-cmdepth. We
will also explore the subsurface configuration of the fine sand deposits that exist
along the fault in the tidal marsh.
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Results
1. Slip rate for the Fremont Segment of the Hayward fault, Fremont City Hall

The first phase of this project, conducted during September of 1986, has been
extremely successful in that we have identified a buried paleostream channel that
has been displaced between 28.5 and 39 meters by the Hayward fault. The poorly
drained soil on the northeast side of the fault is at least 4,040 years old as
calculated from an MRT (mean residence time) of 2,020 B.P. determined on representa-
tive soil carbon from the A horizon. This soil also had a Bk horizon high in
pedogenic calcite which had formed throughout the last 1,620 years (calculated from
an MRT date of 810 B.P.). The existence of the Bk horizon of this age implies that
this southern portion of the Niles alluvial cone has had no significant alluvial
deposition during the last 1,620 years.

The above soil information was used to calculate a local downwarp rate of 0.4
to 0.6 mm/yr. Assuming a constant rate of downwarping, the offset channel could be
a much as 7,691 years old. Until we determine the precise measurements of the
offset in May and receive the C-14 dates for charcoal from above and below the
paleostream channel, the geologie slip rate for this section of the fault remains
poorly constrained between 3.7 and 9.7 mm/yr.

2. Point Pinole Study Site

Work on this site will resume with the trench exploration phase scheduled for
June.

Geologists Kim Seelig of San Francisco State University and Dave Wagner of the
California Division of Mines and Geology are collaborating in the preparation of a
1:12,000 scale geologic map of the Point Pinole area as part of this project. This
will advance our knowledge of this most important portion of the fault and its
possible connection with the Rogers Creek-Healdsburg fault on the other side of San
Pablo Bay.

Oliver Chadwick and Harvey Doner of the University of California at Berkeley
are cooperating in the investigation of the mineralogy of the extremely well de-
veloped Mn oxide-coated horizon that appears tomark the top of the water table in
soils at the site.

A field trip was held with personnel of the East Bay Regional Park District.
They are especially interested in the public educational value of our studies of the
fault. We propose to assist them in preparing an earthquake exhibit and self-guided
trail for the park.

Reports

Borchardt, Glenn, 1987(in press), Smectites, in J. B. Dixon and S. B. Weed, eds.,
Minerals in soil environments (2nd edition): Soil Science Society of America,
Madison, WI.

Borchardt, Glenn, Lienkaemper, Jim, and Schwartz, David, 1988 (in preparation), Slip

rate for the Fremont segment of the Hayward fault, Fremont City Hall, Califor-
nia: Bulletin of the Seismological Society of America.
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Borchardt, Glenn, and Manson, M. W., 1986, Magnitude 5.9 North Palm Springs
earthquake, July 8, 1986, Riverside County, California: Lifeline damage: Cali-
fornia Geology, v. 39, p. 248-252.

Steinbrugge, K. V., Lagorio, H. J., Davis, J. F., Bennett, J. H., Borchardt, Glenn,
and Toppozada, T. R., 1986, Earthquake planning scenario for a magnitude 7.5
earthquake on the Hayward fault, San Francisco Bay area: California Geology, v.
39, p. 153-157.

Steinbrugge, K. V., Bennett, J. H., Lagorio, H. J., Davis, J. F., Borchardt, Glenn,
and Toppozada, T. R.,1987, Earthquake planning scenario for a magnitude 7.5
earthquake on the Hayward fault in the San Francisco Bay area: California
Division of Mines and Geology Special Publication 78, 243 p.
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Northern San Andreas Fault System

9910-03831

Robert D. Brown
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2461 or (415) 329-5620

Investigations

1. Continuing research on Quaternary deformation in the San Andreas fault
system for a planned volume summarizing current geologic and geophysical
knowledge of the fault system.

2. Research and review of work by others on the tectonic setting and earth-
quake potential at Diablo Canyon Power Plant (DCPP), near San Luis Obispo,
California. Activities are in an advisory capacity to the Nuclear Regu-
latory Commission (NRC) and are chiefly to review and evaluate data and
interpretations obtained by Pacific Gas and Electric (PG&E) through its
long—-term seismic program.

3. Serve (ex-officio) as vice-chairman on Policy Advisory Board, Bay Area
Earthquake Preparedness Project (BAREPP). A joint project of the State of
California and the Federal Emergency Management Agency, BAREPP seeks to
further public awareness of earthquake hazards and to improve mitigative
and response measures used by local government, businesses, and private
citizens.

Results

1. First draft of San Andreas Quaternary paper 1is about 907 complete; text,
except for conclusions, 1s complete, but some illustrations remain to be
done.

2. Participated in several field and workshop reviews related to DCPP and
provided oral and written review comments to NRC. Coordinated USGS review
and data acquisition efforts related to DCPP.

3. Provided informal oral and written data, analysis, and recommendations to
BAREPP and other Policy Advisory Board members on geologic, seismologic,
and management issues relating to earthquake hazard mitigation in the San
Francisco bay region.

Reports

Brown, Robert D. Jr., and KXockelman, William J., 1987, Using geologic
knowledge for the public welfare: California Geology, v. 40, no. 2, p. 38-
44,
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Characteristics of Active Faults
9950~03870

Robert C. Bucknam
Branch of Geologic Risk Assessment
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, Colorado 80225
(303) 236-1604

Investigations

1.

2.

3.

Completed field mapping and analysis of data pertaining to earthquake
hazards in the Tooele, Utah, 1°X1° quadrangle. (Barnhard)

Compilation of data for Great Basin part of DNAG Neotectonic Map of North
America. (Bucknam)

Collaboration with D. J. Andrews on diffusion modelling of fault-scarp
degradation. (Bucknam)

Results

1.

Ten zones of fault scarps were identified in the Tooele, Utah, 1°X1°
quadrangle. The scarps are formed on unconsolidated basin-fill deposits
of late Quaternary age. The lengths, locations, and relative displacement
directions of the scarp zones have been mapped and transferred to a
1:250,000~scale base map. Ages of the scarps in 8 of the 10 zones have
been determined, relative to the highstand of Lake Bonneville (15 Ka),
using fault-scarp geomorphology and crosscutting relationships of the
fault scarps with shoreline features of Lake Bonneville. Surface faulting
in one of the eight zones is younger than Lake Bonneville (<15 Ka), and
surface faulting in the other seven zones is older than Lake Bonneville
(15 Ka) but of late Pleistocene age (<150 Ka). The age of faulting in 2
of the 10 zones is indeterminate relative to the highstand of Lake
Bonneville but the scarps are believed to be late Pleistocene (150 Ka) or
younger.

Compilation of faults and slip rates in the Great Basin for the DNAG
Neotectonic Map was about 50 percent complete at end of report period.
Data collected in western Utah for this compilation will also be a
contribution for a Quaternary fault map of Utah to be published by the
Utah Geological and Mineral Survey.

Reports

Andrews, D.J., and Bucknam, R.C., 1987, Fitting degradation of shoreline

scarps by a model with nonlinear diffusion: Journal of Geophysical
Research (in press).

Barnhard, T.P., and Dodge, R.L., 1987, Map of fault scarps formed in

unconsolidated sediments, Tooele 1°X1° quadrangle, Utah: U.S. Geological
Survey Miscellaneous Field Studies Map, scale 1:250,000 (in press).
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Late Quaternary Slip Rates on Active Faults of California
9910-03554

Malcolm M. Clark
Branch of Engineering Seismology and Geology
345 Middlefield Road, MS 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2591 or (415) 329-5624

Investigations

1.

Late Quaternary activity along the Lone Pine fault, Owens Valley, Cali-
fornia (L.K. Lubetkin [USFS], M.M. Clark, S. Beanland [NZGS], K.K. Harms,
and S.K. Pezzopane).

Slip rates on the Paicines fault near Tres Pinos, California (K.K. Harms,
J.W. Harden, M.M. Clark).

Results

1.

Remeasurement of the north wall of the oldest former channel of Lone Pine
Creek that has been offset by the Lone Pine fault shows 13 to 17 m of
right slip after abandonment. As reported earlier, the associated scarp
indicates 3 slip events, including that of 1872, since 10-21 ka. Hence,
the average component of right lateral slip at this channel is 4.3 to 5.7
m, which overlaps the range of average right slip at an abandoned debris
flow about 200 m to the north along the scarp, 5.1 to 6 m.

Horizontal offset of this channel has been debated for years. Hobbs in
1910 reported W.D. Johnson's observations of this scarp, and included
Johnson's photo of this channel with a caption that described 20 feet of
right offset of it. Paul Bateman in 1961 published some of Johnson's
field notes and manuscripts that established 4.9 m of right slip on the
nearby main Owens Valley fault trace, but which also denied that any
horizontal slip occurred along the Lone Pine fault. However, we have
found the letters from Johnson to Hobbs that formed the basis for Hobb's
1910 report. The letters are in the University of Michigan Library, and
include Johnson's description that this channel shows about 20 feet of
right offset, contradicting his later statement, published by Bateman.
We think horizontal offset of this channel is clearly supported by field
evidence. An Intriguing possibility is that Johnson saw a 20-foot offset
of a young, ephemeral part of the channel. A 20-foot ( approx. 6 m)
horizontal offset is close to our 3-event average horizontal offset of
4.3 to 5.7 m at this channel.

We determined late Quaternary slip rates at two sites along the right-
lateral, northwest-trending Paicines fault, the southernmost extension of
the Calaveras-Hayward fault zone. Our primary dating method is soil de-
velopment, which is calibrated from dated soils in the San Joaquin Valley
and the San Francisco Bay area. At our sites we quantified soil develop-
ment on fault-affected terraces along both the present and abandoned
courses of Tres Pinos uieek.
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We derive one slip rate from an offset terrace riser that could have
formed any time after the deposition of the terrace that it cuts. The
displaced riser could have been eroded upstream from the fault after it
was offset; thus it preserves only a minimum offset. These measurements
yield a minimum slip rate of 3.5 mm/yr.

We base the second slip rate on a hill that probably blocked the present
course of the stream at a time when the more northerly (abandoned) course
was active. The hill moved northwestward enough for the present drainage
to be established at some time before 70 ka (the youngest age of the old-
est terrace along the present drainage). This minimum age, combined with
the maximum displacement of 900 m, ylelds a maximum slip rate of about 13
mm/yr. We find no geomorphic evidence for significant uplift on the west
side of the fault, a possibility previously reported.

We could not determine additional slip rates by correlating the degree of
soil development across the fault, because the soils on the southwest
side of the fault have been modified by stripping.

Reports

Beanland, Sarah, and Clark, M.M., 1987, The Owens Valley fault zone, eastern
California, and surface rupture associated with the 1872 earthquake
[abs.]: Setsmological Research Letters, v. 58, p. 32.

Harms, XK.K., Harden, J.W., and Clark, M.M., 1987, Use of quantified soil de-
velopment to determine slip rates on the Paicines fault, northern Cali-
fornia [abs.]: Geological Society of America, Abstracts with Programs,
in press.

Lubetkin, L., and Clark, M.M., 1987, Late Quaternary activity along the Lone
Pine fault, eastern California [abs.]: Seismological Research Letters,
v. 58, p. 32,

Lubetkin, L., and Clark, M., Late Quaternary activity along the Lone Pine

fault, eastern California: Geological Society of America Bulletin, in
press.
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EARTHQUAKE RESEARCH IN THE WESTERN GREAT BASIN
Contract 14-08-0001-21986, April 1987

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

Investigations

This program supports continued studies with research focused on: (1)
seismicity in the White Mountains Gap; () magmatic processes in Long Valley
Caldera; (3) relocations of Mammoth Lakes earthquakes; (4) analysis of digital
waveforms. The most interesting new results are described below.

The White Mountains seismic gap.

In Figure 1 is shown a map of the UNR catalog locations from 1970 to 1986 for
the area around Mammoth Lakes and the White Mountains seismic gap, a zone
which has been identified as having potential for a major earthquake in the near
future (Wallace, 1978). Also plotted are the faults showing Holocene/Quaternary
evidence of movement, based in part on original fieldwork and analysis of aerial
photos by Craig dePolo and Alan Ramelli, UNR grad students. With faulting and
seismicity at this level of detail, some striking patterns and relationships
emerge which have not been seen so clearly before. Note in particular the lack
of seismicity along the west side of the White Mountains north of Chalfant Valley.
Also note the cluster of seismicity at the north end of the northern Death Valley
- = Fishlake Valley fault. Each of these regions, within the White Mountains seismic
gap, are obvious target zones for the next major earthquake in the western
Great Basin. Instrumental coverage to the east of this zone is being augmented
to cover such events.

Another noteworthy seismic trend in Figure 1 was identified by dePolo and
dePolo (1988) and is of interest three ways. First, it also is in the White Moun-
tains seismic gap (i.e., between the ruptures of the major 1932 and great 1872
earthquakes); second, it passes right beneath the town of Bishop, California, pos-
ing potentially serious seismic hazard to this regional population center; third,
it is about 30 km in length, and so capable of a sizable earthquake. Seismicity
associated with the trend is shown in Figure 2, and focal mechanisms in Figure
3. The latter shows how the mechanisms line up fairly closely (NW right-lateral
strike slip motion) with the epicenters comprising the Bishop trend. We are
monitoring activity on this trend carefully following migration of activity into the
seismic gap with the 1986 Chalfant sequence.

REFERENCES

dePolo, C.M. and dePolo, D.M., 1988. Seismicity of northern Owens Valley from August 1984 to mid-
July 1988, EOS, Trans. Am. Ceophys. Un., 87, 1108.

Wallace, R.E., 1978. Patterns of faulting and seismic gaps in the Great Basin province, in Proceedings
of Conference VI, Methodology for Identifying Caps and Socon-to-Break Gaps, edited by J.F.
Evernden, U.S.G.S. Open-File Report, 78-943, 858-888.

139




119.00 118.75 118. 50 7118.25 118,00

38.25 | 5,

38. 00

3775

37.50

3725

119.00 118.75 118.50 118.25 118.00

Figure 1. Seismicity, 1970 to 1986 from the UNR earthquake catalog.
' The large zones of seismicity near and east of the Long
Valley caldera are the 1980 aftershocks, the 1984 Round
Valley sequence, and the 1986 Chalfant Valley sequence.
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Figure 2, Seismicity comprising the lineup of epicenters, trending
through Bishop, California, and herein called the "Bishop
Trend," together with the location of the master event
used in the locations and of the station array. Coverage
is good except at the south end of the trend.
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Figure 3. Mechanisms for events occurring along the Bishop trend.
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the trend of the epicenters itself.
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THOMAS L. DAVIS
GEOLOGICAL CONSULTANT
3937 RODERICK ROAD
LOS ANGELES, CA 90065
U.S.A
213-259-3086

Objectives: Subsurface Study of the Late Cenozoic Structural
Geology of the Los Angeles Basin:

a)Detection or postulation of concealed late Cenozoic
faults in the basin.

b)Determine subsurface geometry, sense of slip, and
displacement history for the concealed faults and
already known late Cenozoic faults of the basin.

c)Principal format for this study is the construction
of retrodeformable cross sections using subsurface data
from o0il and gas wells and surface geologic mapping.
Limited subsurface mapping will be completed between
the cross sections to understand the three-dimensional
aspects of the basin.

Results:

This project commenced on Feb.1,1987 and has accomplished phases
I-IV(data collection, construction of <cross section, structural
interpretation and integration) for a cross section from Eagle
Rock to Gardena (Figure 1). Phase I(data collection) has been
accomplished on a west Los Angeles cross section. The Eagle Rock
to Gardena cross section was constructed at 1:24,000 scale and
reduced for Figure 2.The restoration is shown in Figure 3. The
cross section is tentative and will need to be refined as
additional subsurface data becomes available. The cross section
is also highly interpretative below the drilling depth in the
basin. The interpretation is based largely on the fold models of
Suppe(1985) and the principles of restorable cross sections. It
should be understood that at least several retrodeformable
solutions may be possible for this particular set of surface and
subsurface data. The following is a short outline of the
assumptions and implications of the cross section.

1)It 1is assumed that the edges of the Los Angeles Basin were
controlled by normal faulting during middle Miocene through early
Pliocene(Delmontian) time. Extensional structures include the
Newport-Inglewood fault trend(fault 1) and faults 2-4. All of
these faults were growth structures. Fault scarp deposits of
middle and late Miocene age have been mapped by Lamar(1970) along
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faults 3 and 4, and well data show that late Miocene through
early Pliocene strata are much thicker on the downthrown side of
the Newport-Inglewood fault(Figure 2). Along faults 3 and 4
distinctive detritus within the scarp deposits indicate the local
crystalline basement was exposed and shedding debris at this
time(L.T.Silver,personal communication). Figure 3 is the cross
section restored to earliest Pliocene time(end of Delmontian or
about 4.0 Ma, M.B.Lagoe, personal communication). Figure 3 shows
the structural setting at the end of extension and just before
the start of thrust faulting.

2)Thrust faulting and folding began about 4.0 Ma. This is
documented by the northward thinning out of the Repettian

age(4.0 to 2.6 Ma, M.B.Lagoe, personal communication) strata

on the south flank of the Elysian Park anticline. Delmontian

and older rocks are equally deformed by folding.

3)It is assumed in Figure 2 that the Elysian Park anticline is
due to two thrust faults(B&C) that make a stacked set of fault-
bend folds. The total fault slip on faults B&C is about 12,960m
which gives an average slip rate of 3.24mm/yr. It might be
possible to make the Elysian Park anticline a fault-propagation
fold or just one fault-bend fold and this would reduce the total
fault displacement considerably. Work on such a structural
solution is now in progress. Regardless of the structural
solution the total uplift rate for the Elysian Park anticline for
the last 4.0 Ma is about 1.7mm/yr which is about 1.7 times faster
than growth at the Coalinga anticline(Namson and Davis, 1986).
Thus if the Elysian Park anticline is being uplifted by Coalinga-
sized earthquakes the recurrence interval for these events would
be about 0.6 times shorter than that estimated for Coalinga or
about 125 to 225 years.

References:

Lamar,D.L.,1970, Geology of the Elysian Park-Repetto Hills area,
Los Angeles County, California: California Division of Mines
and Geology Special Report 101, 45p.

Namson,Jay and Davis,Thom,1986,Estimation of Recurrence Interval
for the May 2,1983 Coalinga Earthquake Using the Fault Bend
Fold Method: Transactions of the American Geophysical Union
(abstract), v.67, no.44, pl222.

Suppe,J.,1985, Principles of Structural Geology, Prentice-Hall,
Englewood Cliffs, New Jersey, 537p.

Yerkes,R.F.,McCulloh,T.H.,Schoellhamer,J.E.,and Vedder,J.G.,1965,

Geology of the Los Angeles Basin, California-an
introduction: U.S.Geological Survey Professional Paper
420A, 57p.
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VERY PRECISE DATING OF PREHISTORIC EARTHQUAKES IN
SOUTHERN CALIFORNIA USING TREE-RING ANALYSIS

Gordon C. Jacoby
Tree-Ring Laboratory
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

USGS 14-08-0001-G 1329

We further documented the effects of the 1857 earthquake in the tree-
ring record near Wrightwood, California (Sheppard and Jacoby 1987) to
complement an earlier study (Meisling and Sieh 1980). These studies
confirm the ability of tree-ring analysis to be useful as a paleoseismolo-
gical method. Efforts over the past year have also produced a hypothesis
that the reported earthquake of 8 December 1812 (Toppozada et al. 1981)
occurred on the San Andreas fault.

In the vicinity of Wrightwood, California, a town that straddles the San
Andreas fault northeast of Los Angeles, many Jeffrey pine (Pinus jeffreyi)
and ponderosa pine (Pinus ponderosa) samples were collected along with
three of white fir (Abies concolor) and one incense-cedar (Libocedrus
decurrens). The average extent for the samples was back to around 1600,
although one Jeffrey pine extended back to 1382. Unfortunately this
particular tree sits about 100 m off the fault, and its tree-ring series is
quite complacent, with no missing rings or unique growth anomalies. All
rings of all samples were dated (using rigorous dendrochronological
techniques) to the exact year of growth and annual ring widths measured to
+0.01 mm. Most of the sampled trees are currently near homes or other
developments, and tree growth since at least 1900 probably reflects that
disturbance. Some show effects of the known 1857 earthquake. One
particular white fir section shows a tree-ring response to two disturbances
(Figure 1). Prior to 1857, this tree had a healthy growth rate, though it
still responded to the drought years of the 18408 with slightly narrower
rings. The 1857 ring, however, is missing, and the growth rate for several
years after that is quite reduced compared to pre-1857. Clearly this tree
responded to something more than just climate, which is expressed by a
control chronology created from undisturbed trees from the Wrightwood area
(Figure 1); we consider this to be an excellent example of the theoretical
tree-ring response to earthquakes. There is also evidence (less obvious

but still clear) of an earlier disturbance between the growing seasons of
1812 and 1813.

Additionally, we found similar responses, starting with the 1813 ring,
in eight other fault-zone trees along a 12 km segment of the fault zone in
or near Wrightwood (Figure 2). In two of these trees (Figure 3), the
growth suppression was so severe that many rings were missed. In others,
all rings are accounted for through crossdating, but the suppressed post-
1812 ring growth does not follow the standardized climate response as shown
by other, undisturbed trees from in or near Wrightwood (Figure 1).

Because the set of off-fault, control trees shows the undisturbed

climate pattern of the Wrightwood area, and the only trees showing a
disturbance after 1812 are virtually on the fault, we hypothsize that some
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2 0’- WRIGHTWOOD CONTROL (10 CORES, 13 TREES)
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Figure 1: a. Ring-width indices for undisturbed trees near Wrightwood,
California. The main cause of variation is moisture stress
due to variations in precipitation.

b. Ring widths from a white fir that is moderately sensitive to
drought. Many of the narrower rings match but the extended
sequences of narrow rings beginning in 1813 and 1857 indicate
more than merely moisture stress. The tree was very young and
small in 1812 and not as damaged as in 1857.

Figure 2: Idealized sketch of the San Andreas fault {dashed line)
and the Los Angeles Crest Highway near Wrightwood
(solid line). Arrowheads indicate disturbed trees. All
are within about ten meters of the fault. All the control
trees are farther away. None of the trees farther away
show the 1813 decrease in ring widths.
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Figure 3: Plots of raw ring widths of two trees from near Wrightwood that
were traumatized just after the 1812 growing season. ~ The ring-
width declines begin with 1813 and, followed by several years
of slow recovery.

earth movement occurred on that gection of the San Andreas fault between
the 1812 and 1813 growing seasons. This time period pre-dates any recorded
history in the immediate area, there are no documents to indicate that an
earthquake actually occurred there. There were, however, missions to the
south and west of the Wrightwood area, primarily on the coast, and several
of them recorded large<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>