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The research results described in the following summaries were submitted by
the investigators on May 10, 1985 and cover the 6-months period from
October 1, 1984 through May 1, 1985. These reports include both work
performed under contracts administered by the Geological Survey and work by
members of the Geological Survey. The report summaries are grouped into the
three major elements of the National Earthquake Hazards Reduction Program.

Open File Report No. 85-464

This report has not been reviewed for conformity with USGS editorial standards
and stratigraphic nomenclature. Parts of it were prepared under contract to
the U.S. Geological Survey and the opinions and conclusions expressed herein
do not necessarily represent those of the USGS. Any use of trade names is for
descriptive purposes only and does not imply endorsement by the USGS.

The data and interpretations in these progress reports may be reevaluated by
the investigators upon completion of the research. Readers who wish to cite
findings described herein should confirm their accuracy with the author.
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Southern California Seismic Arrays
Contract No. 14-08-0001-21854
Clarence R. Allen

Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6904)

Investigations

This semi-annual Technical Report Summary covers the six-month period from
1 October 1984 to 31 March 1985. The contract's purpose is the partial support
of the joint USGS-Caltech Southern California Seismographic Network, which is
also supported by other groups, as well as by direct USGS funding of its own
employees at Caltech. According to the contract, the primary visible product
will be a joint Caltech-USGS catalog of earthquakes in the southern California
region; quarterly epicenter maps and preliminary catalogs are also required and
have been submitted as due during the contract period. About 250 preliminary
catalogs are routinely distributed to interested parties.

Results

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

Number of earthquakes processed: 9184

Number of earthquakes of M = 3.0 and greater: 253

Number of earthquakes of M = 4.0 and greater: 26

Largest shock within network area: M = 4.7 (8 February, near Bakersfield)

Largest nearby shock: M = 6.2 (23 November, near Bishop)

Smallest felt earthquake: M = 2.3 (3 December, Buena Park)

Number of earthquakes for which systematic telephone notification to
emergency-response agencies was made: 13

. The most significant seismicity during the period occurred northwest of
Bishop (Inyo County); this activity was slightly outside of the Network area
but is shown in Figure 1. Other interesting activity included the following:

(1) Activity in the Desert Hot Springs area (Riverside County) was somewhat
higher than usual, especially during January and February of 1985 (Fig. 2).
The largest event (M = 4.1, 1/2/85) was not associated with reported damage.
Nevertheless, these sequences included 940 cataloged events, 7 of which were
reported to the Seismological Laboratory as having been felt. The activity was
the cause of a large number of inquiries from members of the public. The
epicentral area was very similar to that of the M = 6-1/2 event of 1948,

(2) The entire Santa Barbara-Ventura-Malibu area has shown activity during
this period somewhat higher than normal. In fact, this activity was noticed as
early as April 1984, and Figure 3 shows the epicentral distribution since that



time. Of these events, 22 were reported as felt, and 1 (of M = 4.5) caused
minor damage in Solvang (Santa Barbara County).

During the reporting period, the Network remained relatively stable, with
no new stations installed, and with no significant hardware or software
modifications to the data-analysis operation. The USGS did, however, begin the
conversion of a number of the outlying stations from telephone to microwave
telemetry. With the publication of the 1975-1983 catalog in April 1985 (see
below), final listings for southern California earthquakes of M = 3.0 and
greater have now been published for 1932 through 1983.

Publication

Hutton, L. K., Allen, C. R., and Johnson, C. E., 1985, Seismicity of southern
California: Earthquakes of ML 3.0 and greater, 1975 through 1983: Pasadena,
Calif. Inst. Technology, 142 p. (Copies available through the Caltech
Bookstore; $5.00 plus shipping)
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For location of map area, compare with Figure 1.
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REGIONAL SEISMIC MONITORING ALONG THE WASATCH FRONT URBAN
CORRIDOR AND ADJACENT INTERMOUNTAIN SEISMIC BELT

14-08-0001-21857

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

Investigations

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

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

Results

" Figure 1 shows She epacenters of 282 esrthquakss located in the Utah
region (lat. 36.75°-42.5°N, long. 108.757-114.25 W) during the six-month
period October 1, 1984, to March 31, 1985. The seismicity sample includes
5 events of 1oca1 magnitude (M, ) greater than or equal to 3.0, and 5 felt
events. The largest event, of M~ 3.6, occurred on January 26, 1985 in the
Utah-Idaho border area north o# the Great Salt Lake. It was followed one
day later by an M, 3.3 event with nearly the same epicenter. Both events
were felt 1locallty. A third felt event of M =3.4 occurred 15 km southeast
of this pair of events three months previous ko them on October 15, 1984,
Two other earthquakes reported felt in the Utah region during this time
period were shocks of magnitude 2.5 and 2.4 on November 25, 1984, 1located
near, and felt at, St. George, Utah.

The two most outstanding features of the seismicity map in Figure 1
are: (1) the intense activity along the Utah-Idaho border north of the
Great Salt Lake and (2) clustered small-magnitude earthquake activity in
the vicinity of active underground coal mining southwest, west, and north
of Price in central Utah. Both of these features are characteristic of
recent seismicity in Utah. The two events in southwestern Wyoming shown on
the map may be local blasts.



Reports and Publications

Richins, W. D., 1984, Utah earthquake activity, October through December 1984,
Wasatch Forum, v. 1, no. 3, 7.
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Seismological Data Processing
9930-0335}4

Barbara Bekins, Thomas Jackson, and Richard Jensen

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

Investigations

Computer data processing 1s absolutely necessary in modern seismological
research; digital seismic data can be analyzed in no other way, and problems of earth-
quakes and seismic wave propagation usually require numerical solution. The purpose
of this project is to develop and operate a simple, powerful, well human-engineered
computer data processing system and to write general application programs to meet
the needs of scientists in the earthquake prediction program and monitor earthquakes
in northern California. This goal includes maintaining the ability to transfer data and
programs over a network and the ability to share data and programs with external
contractors.

Results

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

158 registered users
460654 1024-byte disk storage blocks used
58 login sessions per weekday

Considerable effort has been spent on the software which processes the data from
the real time Ppicker. (See Earthquakes and the statistics of Crustal Heterogeneity by
Bruce Julian). The role of this software has grown in importance to the point where it
had to be redesigned to run more efficiently and tolerate faults more robustly. Ulti-

mately, this software will run on the new Ppicker system which will come with System
V UNIX.

This project has concluded an investigation into super micro-computers which
run the UNIX system. The object of this investigation was to find a computer system
which would replace the PDP 11/70 for under $50,000. To replace the 11/70, the sys-
tem must have at least 24 terminal ports, a fast graphics subsystem, an SMD disk con-
troller, a nine track tape drive, an ethernet controller, a floating point processor, at
least two million bytes of memory and a 16 bit parallel input device. It must run the
4.2BSD UNIX system and demand paged virtual memory is also a requirement. A
requisition has been issued recommending the purchase of an Integrated Solutions
Optimum System.

The Seismology Branch Vax 11/750 is now running under VMS version 4.1+.
Development is proceeding on combining data from the real time Ppicker, the CUSP
system, Calnet group processing into one unified database. These data will be
accessed through the CUSP database system which runs under VMS version 4.14. In
addition there are plans to bring up the SAC system written at Lawrence Livermore
Labs. This system provides interactive analysis of seismic waveforms.

A plan has been created to replace the current system for digitizing of selected
earthquakes off analog FM tapes. This work is presently performed on Data General
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Eclipse systems. The plan is to use an IBM PC/XT for positioning the tape and a
Tustin digitizer to digitize the data. These data will then be sent to the Vax 750 for
storage and analysis with the CUSP system.

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

Other project activities include the following major efforts. A survey of existing
and projected terminal to computer connections by branch computer users was con-
ducted in order to specify the data requirements for the new ROLM PABX system.
These requirements have been forwarded to ROLM. A floor plan for moving the Vax
780, and the two Vax 750 systems into the Information Systems Division computer
room was created and approved.
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Central Aleutian Islands Seismic Network

Contract No. 14-08-0001-21896

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

(303) 492-8028

Brief Description of Instrumentation and Data Reduction Methods

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

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

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

Data Annotations

Earthquake locations are complete through February, 1985. Our normal
lag time for hypocenter locations is three-to-six weeks, dependent on the
postal service from Adak. The network was last serviced in July and August,
1984. Because of logistic problems, the westernmost station could not be
reached at that time, and we were also unable to make necessary return trips
to two other far-west stations. Of the 28 short-period vertical and horizontal
components, 20 were operating for the period of August 1984 through Febru-
ary 1985.

Current Observations

334 earthquakes were located with data from the network during the
seven-month time period from August 1, 1983, through February 28, 1985.
Epicenters of these events are shown in Figure 1, a vertical cross-section is

11
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given in Figure 2 and a plot of the cumulative number of events for the time
period from May, 1976, through February, 1985, is given in Figure 3. Six of
the events located within the past seven months were large enough to be
located teleseismically (USGS PDEs). Three events had m, greater than or
equal to 5.0. The largest of these was a m; 5.5 event in November; its aft-

ershocks show up as a site of activity at about 175.3° W longitude. Another
feature of the seismicity during this time period is a swarm of seven earth-
quakes during a 1-1/2 hour period on December 8, at about 176.1° W.

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

QO =4010049
D PDE magnitude

334 EVENTS
ALL DEPTHS

Figure 1: Map of seismicity which occurred from August 1, 1984, through
February 28, 1985. All epicenters were determined from Adak network data.
Events marked with squares are those for which a teleseismic body-wave
magnitude has been determined by the USGS; all other events are shown by
symbols which indicate the duration magnitude determined from Adak net-
work data. The islands mapped (from Tanaga on the west to Great Sitkin
on the east) indicate the geographic extent of the Adak seismic network.
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Figure 2: Vertical cross section of seismicity which occurred from August 1,
1984, through February 28, 1985. Events are projected according to their
depth (corresponding roughly to vertical on the plot) and distance from the
pole of the Aleutian volcanic line. The zero-point for the distance scale
marked on the roughly-horizontal axis of the plot is arbitrary. Events
marked with squares are those for which a teleseismic body-wave magnitude
has been determined by the USGS; all other events are shown by symbols
which indicate the duration magnitude determined from Adak network data.
The irregular curve near the top of the section is bathymetry. Earthquakes
deeper than about 100 km depth are mislocated too far south (left) as an
effect of the slab on their ray paths to the local stations.
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Figure 3: Plot of the cumulative occurrence of earthquakes as a function of
time in the Adak region for the time period from May, 1976, through Febru-
ary, 1985. Vertical axis is number of events in intervals of 500. Horizontal
axis is date in intervals of years. The four curves show the cumulative
number of events within the specified magnitude ranges.
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Regional Seismic Monitoring in Western Washington
14-08-0001-21861

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

Investigations

Operation of the western Washington regional seismograph network and routine preliminary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly
catalogs of seismic activity in Washington and Northern Oregon are funded jointly with other
contracts. The time period for this summary is the six months from October 1, 1984 through
March 31, 1985. Data are provided for USGS contract 14-08-0001-21862 as well as for other
research programs. Network calibration and data assembly efforts are closely related to and over-
lap objectives under contract 21862, also summarized in this volume. Publications are listed in
the 21862 summary.

Results

Network operation for stations in western Washington continued normally. No unusual
regional earthquake activity was recorded and the Mt. St. Helens region remained generally
quiet. A new station (MEW) sited on McNeil Island in the south part of Puget Sound began
operation in early 1985, improving coverage of the central Puget Sound region. A nearby station
on the Kitsap Peninsula near Port Gamble is presently being installed, and should further
enhance the network. Network coverage in the northeast part of the Puget Sound basin will
improve with the installation and reinstallation of stations in the Skagit Valley. The telemetry
link for these stations is now available, and one station in the Skagit Valley, BLS, is operational
but noisy. Signal quality should be improved by a planned telemetry re-routing. Station RMW
was restored in November, 1984 after an outage of several months. Stations APW (vandalized in
late 1984) and STW (destroyed by machinery in July, 1984) were repaired in March, 1985. Sta-
tions RVW, NLO, and HDW ceased operation during the winter and are scheduled for repair.
Loss of several stations is typical in winter months, and stations are restored as good weather per-
mits. A skeletal network of calibrated stations is being installed, to improve our ability to study
earthquake spectra, source parameters and transmission characteristics.

To improve the consistency of magnitude estimation, we are using our new automatic pick-
ing program to determine coda lengths by fitting an exponential curve to a derived amplitude
envelope of trace data. These coda lengths are being calibrated to Wood-Anderson amplitudes for
a suite of events.

We are working to establish a uniform base of arrival time data. This effort includes refor-
matting ‘pickfiles’ of arrival times and relocating events using an updated velocity model and a
revised location routine. Western Washington data from 1970 through 1983 have been processed
and checked and eastern Washington data are partially processed.
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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

1.

Maintenance and recording of 399 seismograph stations, located in Northern
Calif., Central Calif. Recording 70 stations from other agencies. The
area covered is from the Oregon border south to Santa Maria.

Results

1.

Replaced 20 VCO's in Parkfield area with new J502's. The improved version
has improved dynamic range (60db) and was designed to exhibit a
temperature coefficient of less than +50 PPM/oC (this is equivalent to
+2HZ per 1000 HZ/400C).

Reduced the number of Develocorders from 10 to 5.

Questa Peak — Co—located a microwave site within a television facility at
Questa Peak and Williams Hill. Install 6 ft. parabolic microwave antennas
on each facility tower. Fabricated mounts and installed 10 Yaggi antennas
on the facility towers to receive telemetry signals.

Mt. Tamalpais — Mission Peak - Installed a second 6 ft. parabolic antenna
and modified the receiver for space diversity at Mission Peak. A 10 ft.
addition to the Mt. Tamalpais antenna tower was completed to allow proper
mounting of the Corp of Engineer parabolic antennas and to disperse Yaggi
antennas for optimum reception of telemetry signals.

Cal Tech - Tuned all micro receivers and transmitters to their authorized
frequencies. Installed the microwave receiver site within the seismic
telemetry room. Installed a 28 ft. tower and mounted a 8 ft. parabolic
antenna on the roof of Mudd Building.

Currently, the Northern and Central Calif. seismic network microwave
system is carrying 23 phone lines (this equates to 171 signal channels).
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Seismological Field Investigations

9950-01539
LANGER
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1593

Investigations

l.

Z.

3.

4.

Guinea, West Africa, earthquake aftershock study—local investigation of aftershocks

resulting from Mg = 6.2 earthquake of December 22, 1983.

Laramie Mountains, Wyoming, earthquake aftershock study — local investigation of

aftershocks resulting from M = 5.5 earthquake of October 18, 1984.

Borah Peak, Idaho, earthquake aftershock study — local investigation of aftershocks

resulting from M, = 7.3 earthquake of October 18, 1983.

Western Argentina (Cancete) earthquake aftershock study — local investigation of

aftershocks resulting from Mg = 7.4 earthquake of November 23, 1977.

Results

1. The investigation and interpretation of geologic and seismic field data obtained

following the Guinea, West Africa, earthquake of December 22, 1983, has been
completed. A somewhat "better" velocity model than that used in Langer and others
(1985) reduced the hypocentral error statistics generated by HYPOELLIPSE (Lahr,
1979) but resulted in no significant changes in the aftershock locations or composite
focal mechanism solutions. A final report is being prepared for publication in the
BSSA.

2. The magnitude 5.5 (ML) Laramie Mountains, Wyoming, earthquake of October 18, 1984,

is possibly the largest documented earthquake to occur in the eastern Wyoming area
during historical time. The felt region covered some 287,000 km“ that extended into
the neighboring states of Utah, Montana, South Dakota, Nebraska, and Colorado and
also a part of Kansas (Stover, 1985). Although the shock was felt over a wide area,
there were only minor structural damage effects to homes and businesses close to
the epicenter. A focal mechanism solution for the main shock (D. W. Gordon and

R. E. Needham, written commun., 1985) indicates that the predominant mode of
faulting is strike-slip along near-vertical fault planes, i.e., dextral motion on a plane
striking N. 69° E., or sinistral motion on a plane striking N. 26° W. The "T" axis
strike is N. 23° E., plunge = 9% the "P" axis strike is N. 71° W., plunge = 25°.

A 23-station portable seismic network (16 smoked-paper plus 7 digital systems) was
installed around the epicentral area and recorded aftershocks for a period of 10 1/2
days (October 19-29). The field work was conducted with the assistance of personnel
and equipment from the Geologic Services Branch, U.S. Bureau of Reclamation.
Approximately 250 aftershocks were recorded, of which we have now located 49
events from data obtained by our best network configuration. Duration magnitudes
range from 1.8 to 3.7 and for 35 of these events, the epicentral standard errors are
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less than +0.50 km; both the horizontal and vertical standard errors did not exceed
+1.0 km for all located aftershocks.

The epicentral locale for most of the aftershocks is within a 13 km? area. Depths
extend from about 21.0 to 25.5 km with the deepest events occurring in the southern
part of the aftershock zone. Focal mechanism solutions were determined for 45 of
the 49 located aftershocks which indicate normal and strike-slip modes of faulting.
In all cases, the location of the "T"-axes is near horizontal and they trend to the
northeast at about the same angle as for the main shock (N. 23° E.).

Art Tarr has calculated moments and stress drops for most of the digitally recorded
aftershocks. Although it is somewhat premature to report on his results, some stress
drops appear to be very high ( 350 bars +100). Systems calibrations are being
verified before the final calculations can be made.

3. Following the October 28, 1983, Borah Peak earthquake, hypocenters for 402
aftershocks recorded from October 29 through November 19, 1983, were located with
HYPOELLIPSE (Lahr, 1979). Locations were determined using P- and S-wave arrival
times from our portable MEQ-800 network, as well as times provided through a
cooperative effort with the University of Utah, Boise State University, Idaho
National Engineering Laboratory, University of Washington, and Montana Bureau of
Mines and Geology. Of the selected events, 374 are well-located (HYPOELLIPSE
"A" or "B" quality), and have been studied in greater detail.

Locations of the events have been plotted and the relationship between surface
rupture and faulting at depth has been examined. The epicenters are concentrated
in two northwesterly-trending elongated clusters, separated by a gap of a few
kilometers in which there appear to be no aftershocks. This gap is associated with
the junction point in the surface rupture where the faulting has been diverted
westward, away from its primary northwest trend.

Depth sections have been constructed separately for the northern and southern
clusters. The southern events clearly define a plane dipping 45 to 55 degrees SW.
The northern events are more diffused and cannot be explained by a single plane. It
now appears that these aftershocks lie on two intersecting planes, one dipping about
45 degrees SW (an extension of the fault plane in the south) and another dipping
about 45 degrees NE. These depth sections also indicate that the deeper events
occur in the south in part of the aftershock zone.

Focal mechanisms have been determined for about 60 aftershocks. With the
exception of five events, the focal mechanisms show a great deal of consistency:
normal faulting with a strike of about 155 degrees, dip of 45 degrees, and a strike-
slip component (left-lateral) 5-10 degrees away from pure dip-slip displacement. Of
the five inconsistent events, four indicate primarily strike-slip faulting, and one
event shows reverse faulting.

We plan to continue our investigation of the aftershocks, concentrating our efforts
in the northern splay section. Very soon we expect to have 3-dimensional plots of
our hypocenters (provided by NOAA), which should help to interpret the complexities
in this area.
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4. Aftershocks of the Western Argentina (Cancete) earthquake of November 23, 1977,
are being reexamined. We think there is good evidence for conjugate faulting that
can be verified by a more rigerous analysis of existing data.
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ALASKA SEISMIC STUDIES
9930-01162

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

Investigations

1) Continued collection and analysis of data from the high-gain, short-period
seismic network extending across southern Alaska from Juneau to Cook Inlet and
inland across the Chugach Mountains.

2) With funding from the Division of Geological and Geophysical Surveys of the
State of Alaska, continued operation of four seismic stations in the northern
Prince William Sound region which experienced two magnitude 6 earthquakes
during 1983.

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

4) Cooperated with the Engineering Seismology and Geology Branch in operating
19 strong-motion accelerographs in southern Alaska, including 13 between Icy
Bay and Cordova in the area of the Yakataga seismic gap. Fourteen
accelerographs are connected to the high—gain station telemetry network so
that absolute trigger times can be obtained.

Results

1) During the past six months preliminary hypocenters were determined for 1805
earthquakes that occurred between August 1984 and January 1985 (Figure 1).
Fifteen of these events had magnitudes of 4 mp and larger, and four were
larger than 5 mp, The two largest shocks both had magnitudes of 5.7 mp

and had significant aftershock sequences. One shock occurred on August 14
along the Castle Mountain fault about 80 km NE of Anchorage (see below), and
the second occurred on January 9 at a depth of about 15 km near the
U.S.-Canada border north of Icy Bay within the aftershock zone of the 1979 St.
Elias earthquake (7.1 Mg), The largest aftershock of the January 9

earthquake was a magnitude 3.9 My ghock that occurred about 2-1/2 minutes
after the mainshock. Eleven aftershocks with coda-duration magnitudes of 2 or
larger occurred by the end of January, nine within the first day following the
mainshock. On September 20, two shocks with magnitudes of 5.4 and 5.1 my

and nearly identical epicenters occurred about 11 minutes apart at shallow
depth southeast of Hinchinbrook Island. The pair of events did not have a
detectable aftershock sequence, but in the surrounding offshore region it is
not unusual for double or single events shocks of comparable magnitude to
occur without significant aftershock activity. In and around the Yakataga
seismic gap the pattern of microearthquake activity was similar to that
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observed over the past several years.

2) Detailed investigation of the location of the August 14, 1984 Sutton
mainshock (5.7 mp, 5.2 Mg) and its aftershocks has continued. Aftershocks
recorded by two stations installed in September have been used to refine the
crustal velocity model and develop station corrections. The mainshock and 49
well-recorded aftershocks were located using arrivals from only the nearest
seven stations. The resulting locations are more tightly clustered and have
considerably less scatter in depth than solutions using all available data.
The aftershocks range in depth from 12 to 20 km and define a steep, NW-dipping
plane; the mainshock 1s located at 20 km depth.

Shallow seismicity that occurred in the vicinity of the Castle Mountain fault
from the installation of the USGS network in 1971 to the time of the Sutton
earthquake has been reviewed in the context of the Sutton aftershock pattern.
A few events located less than about 5 km north of the mapped fault trace are
now interpreted as having occurred on the fault. This fault-related activity
includes a swarm of events in 1980 near the southwest end of the Sutton
aftershock zone. The most prominent feature in the seismicity, however, is a
number of earthquake concentrations 5 to 20 km north of the mapped fault trace
that are attributed to faulting within the Talkeetna Mountains.

The new seismic evidence for activity of the Talkeetna segment of the Castle
Mountain fault, together with unequivocal geologic evidence of Holocene
activity on the Susitna segment, suggest that at least 130 km of the Castle
Mountain fault should be considered as active for the purposes of hazard
evaluation.

3) During the period July-December 1984, the level of shallow (depth less than
20 km) seismicity near Bradley Lake on the southern Kenai Peninsula was
comparable to that observed during the previous six-month period. Seven
events with S-P time intervals in the range 1.5 to 3.0 seconds were detected
at the station BRLK, about 2 km northwest of the lake. These events all had
magnitudes less than 1 and were too small to be located by the regional
network because all but one of the seismographs in the local array were
removed in June 1984.

4) Development work on the ELOG (remote earthquake detection and logging
instrument) has continued. Based on the results of a deployment in 1984, a
new algorithm which reduces false triggers and increases pick accuracy has
been developed and incorporated into the software. Four new units were built
and tested for deployment in Alaska in 1985. A solid-state mass storage
device (RAM cassette, 128k) prototype was designed and built; it will be
tested this summer in Alaska.

A prototype for an analog telemetry interface (ATI) was built and tested in
the laboratory and will be deployed in Alaska for testing this summer. These
units will be installed at telephone exchanges where signals are multiplexed.
The ATI will incorporate many new features, such as periodically sending test
tones to verify correct phone operation, sending information on the squelch
status of radio receivers, a built-in digital meter giving signal level in
db's, and translation from one center frequency to another.
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5) Liu (1984) has suggested that the decay in the rate of earthquake
occurrence with time after a large shock is a useful diagnostic, in the
context of earthquake prediction, for identifying an earthquake sequence as
either a foreshock or an aftershock sequence. A critical analysis of this
paper has found Liu's contention not to be adequately supported by the data
presented in the paper. An error in his graphical method of quantifying the
decay rate of seismicity in an earthquake sequence introduces an unknown
systematic bias in the reported decay rates. Furthermore, ambient background
seismicity, if not recognized, can cause the decay rate of aftershocks to be
underestimated. A rigorous statistical re-analysis of Liu's data is required
to determine whether the apparent difference in decay rates for foreshock and
aftershock sequences is real or an artifact of Liu's method.
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Northern and Central California Seismic Network Processing
9930-01160

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

Investigations

l.

Signals from 429 stations of the multipurpose Northern and Central
California Seismic Network (Calnet) are telemetered continuously to the
central laboratory facility in Menlo Park. They are supplemented with
signals from up to 50 stations from other institutions. The data are
recorded, reduced, and analyzed to determine the origin times,
magnitudes, and hypocenters of the earthquakes that occur in or near the
network. Data on these events are presented in the forms of 1lists,
computer tape and mass data files, and maps to summarize the seismic
history of the region and to provide basic data for further research in
seismicity, earthquake hazards, and earthquake mechanics and prediction.
A magnetic tape library of "dubbed” unprocessed analog tape records of
the mnetwork for significant 1local earthquakes and teleseisms 1is
maintained to facilitate futher detailed studies of crust and upper
mantle structure and physical properties, and of the mechanics of
earthquake sources.

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

Results

1.

Figure 1 shows the seismic activity of Northern and Central California
for the period October 1, through March 31, 1985. The 10854 earthquakes
plotted are all reliable locations using 4 or more phase readings in the
solution. The phase readings were obtained either by hand timing, or by
the automatic Real Time Picker (RTP), or by the Caltech-USGS Seismic
Processing System (CUSP), or they are a combination of all sources. The
data have been screened for blasts and those found have been eliminated.
Identification of quarries in the Sierra Nevada Foothills is a comstant
problem so that all quarry data have not yet been eliminated from the
catalog. We feel that the catalog of location data maintained by Calnet
is complete for earthquakes magnitude 1.5 and larger.

Currently all data are processed through the CUSP system and are
available from the CUSP data base, including the digitial seismograms.
Events that are detected on Develocorder films or by the RTP that are not
detected by CUSP are added to the data base as quickly as time permits.
This is being accomplished by digitizing the earthquakes from the analog
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magnetic tapes on another computer. These digital data are then input
into the CUSP system and processed to completion using standard CUSP
timing and analysis techniques. Any events missed by CUSP and not
available for digitizing from the magnetic tapes are processed by hand
from Develocorder films and the final location and phase data are added
to the data base. These hand processed events are the only ones for
which there are no digital seismograms in the data base. At the present
time less than 10 percent of the earthquakes located go undetected by
CUSP, and in the past six months only one event was timed by hand.

2. Final processing of data for the first half of calendar year 1978 is
complete and those data will be published this month. Work is currently
underway on the final processing of the 1984 data. It 1s expected that
those data will be published by June or July 1985.

Reports

Berg, P. A., and Walter, Stephen, R., 1984, Upper crustal structure of the
lassen Peak area, northern California, from seismicity and refraction
data (abs.) submitted to the AGU fall meeting.
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WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
Contract 14-08-0001-21867

A.S. Ryall, W.F. Nicks, and E.J. Corbett
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; () 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

As is typical during the winter months, relatively few changes have been
made to our telemetered network. During the contract period, two new stations
have been installed: DLH and DSX. DLH is a 3-component short-period (8 Hz) sta-
tion located at the bottom of a 1,000-foot deep drill hole situated in the northern
Long Valley Caldera. The station was originally installed by Sandia National
Laboratory for research they did last summer and recording has been taken
over by University of Nevada at their request. DSX was-installed in Dixie Valley,
Nevada, primarily to monitor sonic booms generated at the U.S.Navy’'s super-
sonic training facility. Two stations have been removed: ANT and ADH; both
located about 25 km NE of the Long Valley Caldera. Of of the 3 "temporary" sta-
tions installed in the Sierra Nevada wilderness south of Mammoth Lakes, 2 have
unexpectedly managed to survive the winter. HOP succumbed to the snows in
January, but PRB and STR are still operating as of April 30. This is most for-
tunate because these stations have been instrumental in recording aftershocks
of the November 23 Round Valley earthquake. In summary, the University of
Nevada is now operating 55 short-period analog seismographic stations, four of
which are multi-component. In addition we are recording signals from 11 USGS
stations, 2 U.C. Berkeley stations, and 1 from the California Division of Water
Resources. All 89 of these stations are being recorded on analog magnetic tape
at Reno as well as digitally by our on-line system.

In addition to the analog stations, the University of Nevada operates 3
remote digital seismographic stations. The digital stations provide broad-band
(0.05-30 Hz), wide dynamic-range (98 dB) digitization of signals from a 3-
component set of seismometers, and telemeter the data to the Reno facility
where it is continuously recorded. The data is currently being recorded at 25
samples per second, but we are in the process of upgrading the system to 50
sps. In addition, the vertical components of these stations are also being
recorded on our on-line recording system. The three stations are now operating
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in mine tunnels at Mina, Bodie, and Washoe Lake (MNA, BDE, and WCN). A fourth
station is planned for the Las Vegas area in the near future, but its installation
has been delayed due the fact that the most desirable sites are in Bighorn sheep
wilderness areas, which require an involved permitting process.

We are in the process of acquiring a microwave system to replace some of
our major VHF radio links. Although the initial investment is substantial, the
savings in telephone line costs will offset the expense in about 2 years. The prin-
cipal advantages of the microwave system are increased reliability, especially
during the winter months, less susceptibility to nearby lightning ground strikes,
reduced radio interference, and a substantial increase in the number of signals
we can transmit.

B. On-line System

A computer-based earthquake recording system has been operating suc-
cessfully since May 1984. It provides on-line event detection and digitization of
the analog seismic signals transmitted to the Reno data facility. This system
facilitates analysis of large numbers of earthquakes and will allow waveform
analysis of the network data. The triggering algorithm has been tuned
sufficiently so that false triggers are now reduced to about 10%. We are still
plagued by noise triggers during lightning storms, due to our dependence on
VHF radio telemetry, but we expect this problem to be alleviated by the installa-
tion of the microwave system. We are currently recording 80 seismic signals
and 4 time signals on the 968-channel on-line system. For the period May 11,1984
to April 30, 1985, we have recorded and archived digital seismograms for 8129
seismic events. Of this number 3544 (5B%) are local earthquakes that we have
located and cataloged. The remainder of the data are teleseisms, regional
events, nuclear tests, and local events of less than 10 seconds duration, (roughly
magnitude < 1.5 M), for which we save the traces but do not time the arrivals.

C. Data Analysis

Our earthquake data have been timed and located through April 30, 1985.
This is with the exception of some data gaps that exist between November 23
and December 31, 1984. These gaps resulted from our analysis staff being
swamped by the large number of aftershocks following the magnitude 6 earth-
quake at Round Valley, and are being filled as time permits. Since the beginning
of the contract period on November 1, 1984, the University of Nevada Seismolog-
ical Laboratory registered 1,468 earthquakes. Of these events:

552 were magnitude 2 or greater;
70 were magnitude 3 or greater;
14 were magnitude 4 or greater;

3 were magnitude 5 or greater;
1 was magnitude 6 or greater.

As the figure shows, most of the activity since the first of the year is con-
tinuing aftershocks of the November 23, 1984 Round Valley earthquake. In addi-
tion, a high level of seismic activity continues in the mountain block south of the
Long Valley Caldera.
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Consolidated Digital Recording and Analysis
9930-03412

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

Investigations

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

Both 11/44 computers use the RSX1IM-PLUS (v2.1) operating system. The
VAX/750 uses the DEC VMS operating system. Software has been developed
largely by Carl Johnson in Pasadena, but with considerable modification by
Peter Johnson, Bob Dollar and Sam Stewart, to meet Menlo Park's specific
needs. Our applications are all written in Fortran-77, but with heavy use of
system functions unique to the RSX or VMS operating systems.

Results

1. During the period October 1984 through March 1985 approximately 11,429
events were processed through the CUSP system. This includes 9419 events that
were classified as 'LOCAL' events, i.e., they occurred within or near enough
to the network that hypocenters were calculated and the data entered into the
catalogs. The remaining 2010 events were either regional or teleseismic
events, or unprocessed copies of local events that were too small (Ml < 1.0)
to be timed, or copies of very large events that had to be 'split' in order to
be accommodated by the 11/44 hardware limitations. In addition, a few
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thousand non-seismic, noise events detected by the online 11/44A computer had
to be examined and deleted. Considering only the seismic events, this
projects to an annual rate of processing about 23,000 events per year.

2. A second interactive processing station (Tektronix 4014 graphics
terminal) was added to the offline 11/44B. (It can also be switched to the
Seismology VAX/750.) This greatly increases our flexibility in scheduling
analyst's time, as well as increasing thruput and providing backup capability.

3. The final processing steps, and online CUSP database itself, were
moved from the 11/44B to the VAX/750. The necessary program conversion was
done mainly by Carl Johnson in Pasadena, while Peter Johnson made the
necessary mods for Menlo Park. This gives the research staff more convenient
access to the CUSP data, and to the necessary programs to analyze the data.

4. Several types of MERGE operations have to be done with data on the
VAX/750. The RTP data need to be merged with the equivalent CUSP events, into
one CUSP event file. Data digitized by the Eclipse system, and processed on
the 11/44B, need to be merged with the equivalent CUSP event, both the phase
data and the digitized seismograms. By the end of this report period these
operations were just getting started.

5. Conversion of the seismic telemetry systems from leased telephone
lines to our own microwave transmission system was started (by other projects,
not this one). As conversion proceeded, dropouts, or fading, in the microwave
signals produced many, very long and extensive noise triggers in the online
detection system. The problem was quite serious, but is being attacked
vigorously and seems better now. In order to control the problem, we have had
to increase our detection thresholds throughout most of the network. This
will result in some, small events being missed. If these missed events are
seen on the Develocorder scan films, or the Helicorder records, then they can
be digitized from the telemetry tapes on the Eclipse system, and entered into
the CUSP system via Eclipse 800 bpi digital tapes.

Reports

None.
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-21919
John Taber and Klaus H. Jacob
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain
origin times, hypocenters, and magnitudes for local and regional events.
The processing resulted in files of hypocenter solutions and phase data,
and archive tapes of digital data. These files are used for the analysis
of possible earthquake precursors, seismic hazard evaluation, and studies
of regional tectonics and volcanicity (see Analysis Report, this volume).
A published bulletin for 1984 will be available in spring 1985.

Results

The seismicity of the Shumagin Islands region from January 1 to
December 30, 1984 is shown in map view in Figure 1 and in cross section
in Figure 2. The overall pattern over this time period is similar to the
long term seismicity, though the double-planed seismic zone 1is only
weakly determined. The highest concentration of events occurs at the
base of the shallow thrust zone with the thrust zone itself poorly
defined. West of the network the seismicity is more diffuse and extends
closer to the trench.

A shallow (less than 10 km) earthquake swarm began in August, 1984
under Mt. Dutton, an extinct volcano of uncertain age near 55,25,
162.25. This was the largest swarm we have recorded on the peninsula
since the network was installed in 1973. There were 35 events located
between 8-20-84 and 12-30-84 with at least 20 additional smaller events
near the beginning of the swarm. Occasional events have continued into
March, 1985. The biggest event in the swarm was M1=2.9 with most magni-
tudes measuring below 1.5. Though the number and size of events is still
very small, renewal of volcanic activity can't be ruled out.

The network is capable of digitally recording and locating events as
small as MI1=0.4 with uniform coverage at the 2.0 level. Onscale
recording is possible to at least M1=5.0 on a telemetered 3 component
force-balance accelerometer. Larger events are recorded by one digitally
recording acelerometer and on photographic film by 12 strong-motion
accelerometers.
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Figure 1. Seismicity recorded by the Shumagin Island seismic network
from January 1 to December 30, 1984. Depth is shown by symbol type
and magnitude by symbol size.
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Figure 1. Symbols are the same as in Figure 1.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-21858

Ta-liang Teng
Thomas L. Henyey
Egill Hauksson

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

INVESTIGATIONS

(1)

(2)

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

Analyze data from a swarm of small earthquakes that occurred in the
Santa Barbara Channel during 20-25 April 1984. The swarm that consisted
of at least 400 earthquakes in the magnitude range from 0.5 to 4.0 was
located approximately 20 km southeast of the City of Santa Barbara.

RESULTS

(1)

The earthquake activity that occurred in the Los Angeles Basin and the
adjacent offshore area during 1984 is shown in Figure 1. The seismicity
rate during 1984 is similar to the rate that was recorded during the
previous three years. The earthquake activity is characterized by single
shocks that are scattered throughout the Los Angeles Basin. A
significant trend of seismicity is observed offshore, extending from
Malibu in the north to the San Pedro channel in the south. This trend is
subparallel to the Newport-Inglewood fault as well as the Palos Verdes
fault. A cluster of earthquakes is observed to the south of the
Wilmington oil field in Long Beach. Many of the small events that
occurqed along the northern section of the Newport-Inglewood were felt
locally.

The Santa Barbara Channel Easter swarm was strongly clustered in both
space and time. The epicentral distribution of this earthquake activity
that consists of more than 300 located earthquakes is shown in Figure 2.
Most of the earthquake activity is located within a 4 km by 10 km area, a
few kilometers to the south of our Ocean Bottom Seismometer, DCG. The
Union Platform C is situated 5 km to the north of the station DCG,
approximately in the middle of the Ocean Bottom Seismometer Network. The
stations, DCG and DCF made it possible to determine the hypocentral
depths for these events. Nearly all of the earthquakes occurred in the
depth range between 10-17 km.
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One of the characteristics of this swarm is very strong temporal
clustering. During the previous week only two earthquakes were reported
in the vicinity of the epicentral area of the swarm. The activity peaked
on April 22, but the four largest events of magnitude (3.8, 3.8, 4.0 and
3.9) in this sequence occurred on April 21 22h and 23h; April 22 05h and
23h, respectively.

Over 300 earthquakes in the swarm were recorded digitally by the PDP
11/34 computer that is now dedicated to record the U.S.C.-southern
California Coastal Zone Network. These data that are currently being
analyzed will not only permit us to determine accurate hypocentral
parameters but also source parameters such as seismic moment, stress
drops and source radius. In addition, crosscorrelation of the digital
waveforms from the Ocean Bottom Seismometers may provide more accurate
relative hypocentral locations than available previously.

REPORTS

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

Hauksson, E., T. L. Teng, T. L. Henyey, J. K. McRaney, L. Hsu and G.
Saldivar, Earthquake Hazard Research in the Los Angeles Basin and its Offshore
Area, U.S.C. Geophysics Laboratory Technical Report #85-1, 1985.

Hauksson, E., T. L. Teng and J. McRaney, The Santa Barbara Channel Easter

Swarm of April 1984, USGS Semi-Annual Data Review Meeting in Santa Barbara,
California, September, 1984.
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Field Experiment Operations
9930-01170

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

Investiqations

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

a. 9-day recorder portable seismic systems.

b. "Cassette" seismic refraction systems.

C. Portable digital event recorders.

d. Smoked paper recorder portable seismic systems

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

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

Resul ts

Seismic Refraction

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

1. Maine; Eight deployments were completed consisting of
approximately 1,000 Km. of profiles with about 45 shots being fired
2. Nevada; Three deployments were completed consisting of 360

total recording sites along 120 Km. of profile. More than 30 shots
were fired.

Telemetry Networks

A number of modifications have been made to the Central
California Seismic Network telemetry system to reduce telemetry costs.
Approximately 100 stations are being carried on the microwave network.
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This network has been installed between Mount Tamalpias and San Luis
Obispo with Menlo Park being the receiving paoint.

Portable Networks

Ten S-day recorders were installed and operated in a cooperative
network with the University of California at Los Angeles. This

network ran between Vernal Utah and Lubbock Texas and was operated
from December 1984 through February 1985.
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Data Processing Center Operations
9930-01499

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

Investigations

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

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

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

3. Day to dav management, operation, maintenance and performance
quality assurance of the U.S.G.S. telemetered seismic network event
library tape dubbing facility (for California, Alaska, and Hawaii).

4, Projection of usage of critical supplies, replacement parts, etc.,
maintenance of accurate inventories of supplies and parts on hand,
uninterrupted operation of the Data Processing Center.

Results
Procedures and staff for fulfilling assigned responsibilities have been

developed and the Data Processing Center is operating smoothly and serving a
large variety of scientific user projects.
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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

Investigations

Project objectives, previously focused on northern California faults of
the San Andreas system (north of Monterey Bay), have been broadened to include
the region west of the San Andreas fault and north of the Transverse Ranges.
This was done to facilitate review of the Long Term Seismic Program (LTSP) for
the Diablo Canyon Power Plant. The LTSP is being conducted by Pacific Gas and
Electric (PG&E) Company as part of a license condition required of the utility
by the Nuclear Regulatory Commission (NRC).

Field and office review of geophysical and geological data and interpre-
tations continued during the period October 1 through March 31, with effort
divided between the original project area and that related to Diablo Canyon
issues. Research activities were diluted somewhat by meetings with NRC and
PG&E staff and with the Policy Advisory Board of the Bay Area Regional Earth-
quake Preparedness Project.

Results

Provided NRC staff with review comments on program plan for geological
investigations related to Diablo Canyon LTSP and recommended related USGS
activities to be supported in FY 1985,

Completed, with Bill Kockelman, an invited paper for the University of
California Public Affairs Report: Geology for Decisionmaking.

Regorts

Brown, Robert D., and Kockelman, William J., in preparation, Geology for
Decisionmaking--Reducing Hazards and Protecting Resources: Publiec Affairs
Report, Bulletin of the Institute of Govermmental Studies, University of
California, Berkeley, 31 ms. p. (Director's approval, March 29, 1985).
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Characteristics of Active Faults
9950-03870

Robert C. Bucknam
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1604

Investigations

l. Geologic studies of paleoseismicity make a critical contribution to the
understanding of fault behavior by providing a long-term base of data on
the distribution and timing of large earthquakes. Because dating of
faulting events plays a key role in evaluating the earthquake potential ot
a fault zone, there is an important need to improve our ability to assign
ages to paleoearthquakes. Geomorphic methods of dating fault scarps have
proven to be widely useful in studies of paleoseismicity, but the
influence of lithologic properties of the faulted alluvium on the rate of
degradation is virtually unknown. Lithologic properties of alluvium
almost certainly exert a very strong influence on the erosion of fault
scarps, particularly on the rate at which the free face degrades.
Variations in this rate may be significant when estimating the ages of
fault scarps of Holocene age from geomorphic data.

Studies undertaken this fiscal year under this new project focus on
location of sites along late-Holocene and historic fault scarps in the
Great Basin showing variability in the degree of erosion of the scarp.
Reconnaissance measurements of the morphology of the scarps will be made
and samples for determination of physical properties and mineralogy of
cementing materials will be collected at the sites.,

2. Produce, in collaboration with other scientists, an atlas of maps and
illustrations characterizing the geological/geophysical setting and
relationships, the geomorphic character, and the seismicity of selected
major active faults of the world. This work is part of International
Geological Program Project No. 206, "Worldwide Comparison of the
Characteristics of Major Active Faults,” R. C. Bucknam, U.S. Geological
Survey and Ding Guoyu, State Seismological Bureau, Peoples Republic of
China, co-organizers. Currently, a dozen countries are participating in
this project which held its organizational meeting in Kobe, Japan in June
1984,
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Comparative Earthquake and Tsunami Potential for Zones
in the Circum—-Pacific Region

9600-98700

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

Investigations

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

2. Conduct investigations of the rupture processes of large earthquakes that
have produced tsunamis. Compare the faulting parameters of these earthquakes
to parameters determined for other tsunami-producing earthquakes.

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

Results

l. A study of comparative earthquake potential is complete for the west
coasts of Chile and southern Peru. A paper describing the results is in press
with the Journal of Geophysical Research. A major success of our program is
that the great Chilean earthquake of March 3, 1985 had been correctly fore-
cast. However, this earthquake ruptured only 1/3 the total length of the
Valparaiso seismic gap defined by the length of the 1906 earthquake. The
southern third of the Valparaiso gap now has the highest hazard in central
Chile for the next one or two decades. Work on the earthquake potential for
the west coast of Mexico is nearly done. The Mexican subduction zone has been
divided into 11 zones based on patterns of prior earthquake occurrence. Four
of the segments have low probabilities (<30 percent) for earthquake
recurrence. Five segments have conditional probabilities of greater than 30
percent for large earthquakes during the next 20 years.

2. We have detailed the rupture processes of three large earthquakes which
have produced tsunamis. The Samoa Islands earthquake of 1 September 1981,
which occurred at the extreme northern end of the Tonga trench ruptured two
separate but offset faults. The Peru earthquake of 1974 was a shallow focus
thrust event consisting of several small breaks. It is concluded that the
maximum likely earthquake to occur in central Peru would be Mg 8.4. A primary
conclusion of the study of the great Sumba earthquake of 1977 was that a great
thrust earthquake will not occur at the central Sunba arc, but that a great
normal-faulting earthquake is possible at the central Sunda arc.
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3. An evaluation of the ridge push and slab pull forces in the context of the
stress that leads to great subduction zone earthquakes has been completed and
a paper submitted to Nature.

Reports

Choy, G. L., 1984, Broadband body-wave analysis of the complex rupture process
of the Samoa earthquake of September 1, 1981: Submitted to the Journal
of Geophysical Research.

Nishenko, Stuart P., 1984, Seismic potential for large and great interplate
earthquakes along the Chilean and southern Peruvian margins of South
America: A quantitative reappraisal: Scheduled for publication on April
10, 1985, in the Journal of Geophysical Researach.

Nishenko, S. P., and Singh, S. K., 1984, Conditional probabilities for the
occurrence of large plate boundary earthquakes along the Mexican
subduction zone: 1985-2005: 1In preparation.

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

Spence, William, The 1977 Sumba earthquake series: Direct evidence for slab
pull: Submitted to the Journal of Geophysical Research.

Spence, William, Slab pull: Submitted to Nature.
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Investigation of Seismic-Wave Propagation for
Determination of Crustal Structure

9950-01896

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

Investigations

1. Conducted high-resolution seismic~reflection surveys at the following
locations in South Carolina:

(a) In and around Hollywood, S.C., to determine if the recently discovered
sandblows were related to possible subsurface faulting.

(b) Along Dorchester Road in Charleston, S.C.

(¢) West of Summerville, S.C., to determine if deeper faulting seen by
Vibroseis work done by V.P.I. and industry could be seen higher in the
section.

2. A short survey was conducted across the Meers fault in Oklahoma.

3. Reprocessed Vibroseis reflection lines in the Mississippi embayment near
Caruthersville, Mo., and Marked Tree, Ark., in an area that coincides with
the earthquake zone.

Results

The high-resolution seismic-reflection line across the Meers fault shows
reflection offset of about 30 m at a depth fo 171 m. This subsurface fault
has the same sense of movement as the surface exposure of the Meers fault and
can be projected updip to the surface exposures.

The work conducted in South Carolina is still being analyzed and no definitive
results can be reported at this time.

New information on mid-crustal structure in part of the New Madrid seismic
zone between Caruthersville, Mo., and Marked Tree, Ark., has been interpreted
from reprocessed industry seismic-reflection profiles. One line has been
processed to 7 s and several others are being processed to 11 s. (All times
are two-way traveltime.) The lines were originally processed to 5 s, and
interpretations of them by other investigators delimited a disrupted
structural zone coincident with the seismicity. A migrated record section of
the 7-s line shows that generally incoherent reflectors in the disrupted zone
extend beneath the maximum depth of the hypocenters of about 15 km. 1In
addition to an approximately 10-km-wide shallow fault zone, coincident with
the seismicity, the reprocessed lines show mid-crustal structure. Adjacent to
the disrupted zone, several prominent zones of reflectors occur at depths
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correlative with depths of velocity discontinuities interpreted from seismic-
refraction surveys reported in the literature. A zone of strong reflectors
overlying magnetic basement correlates with a 4.9-km/s zone which is known
from drill-hole exploration to be composed of clastic sediments. Another
group of reflectors at 5-6 s (15-18 km) appears to correlate with a 6.2-km/s
layer which overlies a 6.6-km/s layer. Preliminary interpretation of a line
being reprocessed to 11 s shows reflections at about 30 km which are
interpreted to be the top of a 7.3-km/s layer. The zones of mid-crustal
reflectors are strong but discontinuous and commonly appear to be lenticular.

Reports

Dwyer, R. A., and Harding, S. T., 1985, Mid-crustal seismic reflectors from
part of the New Madrid seismic zone [abs.]: Earthquake Notes, v. 55, no.
1, p. 26.

Harding, S. T., 1984, High-resolution seismic-reflection line conducted east
of Jackson Dam, Jackson Lake, Wyoming: Administrative report to Bureau
of Reclamation.

Harding, S. T., 1985, Preliminary results of a high-resolution reflection
survey across the Meers fault, Comanche County, Oklahoma [abs.]:
Earthquake Notes, v. 55, no. 1, p. 2.

Harding, S. T., The use of seismic-reflection data to unravel the earthquake
history associated with intracraton earthquakes [abs.]: SEG, Annual
Meeting, Washington, D.C. (in press)
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Seismic Source Characteristics of Western States Earthquakes

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

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

Investigation

There are strong suggestions that earthquakes occurring at particular locations tend
to reproduce nearly identical signals, for example see Richter (1958). The phenomenon
of certain regions having higher stress drop than others has been discussed for many
years, Thatcher (1971) and more recently Nava and Brune (1983). Thus, we suggest
that a good appreciation of the characteristics of faulting in the various regions should
be included along with the seismicity patterns in hazard appraisal. We address the
problem of determining the source parameters with magnitudes greater than about 4.5
by applying a semi-automated inversion technique. Many of the earthquakes in this
magnitude class are not well suited to the waveform analysis of the teleseismic body
waves or surface waves because they are not large enough to produce usable records at
large distances. On the other hand, the earthquakes are small enough to produce on-
scale recordings at regional distances (2° to 12°). Recently, we have shown that it is
possible to retrieve the source parameters of moderate size earthquakes from long-period
seismograms at these distances, for example see Figure 1.

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

Results

This project has just begun and most of the efforts have gone into data collection
and digitization. A six-month no-cost extension has been requested because of the slow
rate of obtaining the LRSM data. Complete data sets for about 10 events have been
assembled and will be reported on shortly.
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Figure 1. Location of the 12-22-64 San Miguel earthquake (star) and
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(bottom trace) computed with the inversion fault orientation.
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Pleistocene Faulting in Coastal San Diego County
Contract Number: 14-08-21898
Principal Investigator: Philip Kern
Contractor: San Diego State University Foundation
San Diego, CA 92182-1900
Telephone of P.I.: (619) 265-6443

Investigations

This study is part of a project to map the Pleistocene geology of coastal

San Diego County. During the past half year mapping of marine and non-marine
shorelines, associated sediments, and geologic structures has been carried
out in the Oceanside and San Luis Rey Quadrangles. This work brings to
completion mapping of the terraced coastal zone from San Diego to Oceanside.

Results

At least 17 and perhaps as many as 19 or more marine terraces with shoreline
elevations from just below sea level to 400 m are present along the San Diego
County coast between San Diego and Camp Pendleton, north of Oceanside.
(On-going mapping on Camp Pendleton will resolve the number of terraces
during the next few months.) The shorelines of at least the nine youngest
terraces, and perhaps the older ones as well, are horizontal from Del Mar to
Oceanside, showing that the coastal strip has been subjected to regionally
uniform uplift. No new fossil occurrences have been found, so still only
five terraces have been dated, four of them uncertainly by amino-acid
racemization.
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Postglacial uplift in northeastern United States
9510~03207

Carl Koteff
U.S. Geological Survey
National Center, MS928
703/860-6503 FTS 928-6503

INVESTIGATIONS

The postglacial uplift profile for the Connecticut River Valley from
central Connecticut to northeastern Vermont and northwestern New Hampshire has
been extended for a total distance of over 245 km from south to north.
Altitudes of the contact between topset and foreset beds in 28 ice-marginal
deltas that were constructed in glacial Lake Hitchcock were analyzed by an
ordinary least squares regression. The topset/foreset contacts are believed
to represent the former water level with an accuracy of 1 m. Ice-marginal
deltas were especially singled out because they provide a relative physical
chronology of the northward growth of a glacial lake during ice retreat. The
ice retreat is known to have been very systematic in the region for the time
represented by glacial Lake Hitchcock, from about 17,000 B.P. to about
14,000 B.P., although ice retreat over the northern half of the region was
about twice as fast as over the southern half. Thus, the profile derived from
the delta altitudes is a variable-rate time-transgressive depiction of about
3000 years.

RESULTS

The regression analysis of the altitudes of topset/foreset contacts for
the 28 ice-marginal deltas that were constructed in glacial Lake Hitchcock
show a refined profile of postglacial uplift that bears N20 H@‘d. The profile
is a very straight line; only two of the plotted altitudes depart more than
2 sigma (less than 2 m) from the projection. 22 of the altitudes plot within
1 m of the profile. A projected altitude of the water level of Lake Hitchcock
at the threshold in the spillway at New Britain in central Connecticut is
25,07 m, and the altitude of the topset/forest contact in the northernmost
ice-marginal delta at South Ryegate in northeastern Vermont is 244 m. The
differential uplift is 219 m over a distance of 245.8 km along the NZOIAZW
projection and shows a gradient of 0.9 m/km up to the northwest.

Because the profile is so straight and because it represents a time
transgression of 3000 years, the concept of a considerable delay to uplift
response during early stages of deglaciation is confirmed. It is reasonable
to extend this delay to include the beginning of deglaciation at about
19,000 B.P. Thus there appears to have been a 5000-year period of ice
unloading before initiation of upward crustal movement. Significantly,
perhaps as much as 50% of the ice load had disappeared in this time.

Uplift began in this region after 14,000 B.P., and uplift rates are
calculated to have been between 7-12 cm/year for at least a thousand years.
Isobases of uplift show a regular and consistent pattern, which suggests that
there has been no noticeable effect by this event on any known crustal
structure in this area.

51



REPORTS
Koteff, Carl, and Larsen, F. D. 1985 Postglacial uplift in the Connecticut

Valley, western New England [abs.]: Geological Society of America
Abstracts with Programs, v. 17, no. 1, p. 29.

52



Fault Mapping to Determine Source Zone Structure and
Influence on Variable Rupture Mode of Earthquakes in California

14-08-0001-21991

Dr. Karen McNally
Charles F. Richter
Seismological Laboratory
Earth Sciences Board
University of California,
Santa Cruz
Santa Cruz, California 95064
(408) 429-4137

Objectives:

To obtain detailed information and physical descriptions of
structural heterogeneities, commonly referred to as fault
'‘asperities' or 'barriers'’, in seismogenic =zones. Such
heterogeneities may influence variable fault rupture and
recurrence periods of major earthquakes. A technique using P-
waves refracted laterally at the fault plane will be used to
provide a detailed mapping of velocity contrast variations along
the San Andreas fault in central California. P-waves of
approximately 400 earthquakes occurring from 1975 to 1984 will be
analyzed; the results will integrated with previous data (1969-
1975) (McNally and McEvilly, 1977) for final interpretation. The
size of the mapping region is 35 km long (along the fault) and 12
km deep. A mobile seismograph array will be operated to
determine velocity contrast variations along the fault zone to
within about 2%. Three-dimensional ray tracing will be used to
improve the precision of the results. The results will be used
in conjunction with detailed studies of the San Andreas fault in
southern California.

Progress Summary:

All earthquakes My >2.5,1975-1982, have been relocated and
fault mechanism solutions determined. Teleseismic events have
been used to check USGS stations polarities as necessary.
Refraction angle measurements are being finalized. We identify
high refraction angles near 36 40'N - 36 43'N, where none were
observed previously. (Distinctive clustering of seismicity is
also observed at this location.) This could indicate stress
changes locally, a change in rupture medium, or fault gauge zone.
The mobile array is now operating in the San Benito area.
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Northeastern Seismicity and Tectonics
9510-02388

Nicholas M. Ratcliffe
U.S. Geological Survey, MS 925

Reston, Virginia 22092

(703) 860-6406
and
John K. Costain
Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

INVESTIGATIONS

Interpretation of VIBROSEIS reflection profiles of the Ramapo seismic
zone in New Jersey and Eastern Pennsylania.

Geologic mapping along VIBROSEIS routes.

Analysis of proprietary industry reflection data across the Newark
basin.

RESULTS

A preliminary interpretation of Ramapo 1, shot in August and October of
1983, is shown in Figures 1 and 2. These data were collected in a
cooperative effort with Virginia Polytechnic Institute with funds
provided by the Nuclear Regulatory Commission. The line extends 32 km
from the gneiss of the Reading Prong, southeastward across the Triassic
border fault into the Newark basin south of the Watchung Syncline in
central New Jersey. A line drawing and geologic section are shown in
Figure 2. The prominent southeast dipping grain in basement rocks west
of the Newark basin is associated with Paleozoic thrust faults. This
grain extends beneath the Triassic basin to about 4 seconds, with dips
of about 30 degrees. The border fault (Flemington fault) is interpreted
to consist of a series of downward converging faults that merge at depth
with the reflectors in the footwall.

The field, reflection data and coring of the border fault along this
line support shallow 36° dips for the Triassic border fault and similar
shallow dips for Paleozoic thrust faults. Reactivation of Paleozoic
thrust faults during Mesozoic extension is the preferred explanation for
the formation of the Newark basin here.

Earthquake hypocenters recorded by Lamont Doherty (Regional Seismicity
Bulletin of the Lamont-Doherty Network) for the area adjacent to the
line are plotted in Figure 3. Despite the large uncertainties in
depths, many events plot within crystalline rocks in a prism of rock
between the Schooley Mountain thrust and Flemington faults. Similar
relationships are seen in our other profiles that extend northward into
New York State.
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Basement Tectonic Framework Studies
Southern Sierra Nevada, California

9910-02191

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

Investigations

1. Field studies of plutonic and metamorphic rocks east of the White Wolf-
Breckenridge-Kern Canyon to the eastern Sierra Nevada frontal fault.

2. Compilation of all granitic modal data for the southern Sierra Nevada and
preparation of index maps for each granitic unit.

3. Revision of the Bulletin manuscript and illustrations on basement rock
correlations across the White Wolf-Breckenridge-southern Kern Canyon
fault, southern Sierra Nevada.

Results

1. Field studies in October and November, 1984, disclosed and, in part,
delineated a large foliated granitic body in the area of Walker Pass that
contains abundant mafic minerals and some mafic dikes. These features
suggest that the body is Jurassic. If so, this is the southernmost
Jurassic pluton in the Sierra Nevada, and the only one so far identified
south of lat 36°00' N.

2. Preliminary evaluation of Rb-Sr isotopic data determined and interpreted
by R.W. Kistler (Isotope Geology Branch) indicate that some of the mafic
rocks east of the large body of amphibolitic- to granulitic-grade
"oceanic" rocks in the Sierra Nevada tail are more related to
"continental" basement than to the "oceanic" basement of the Sierran
tail.

Reports

Clark, J.C., Brabb, E.E., Greene, H.G., and Ross, D.C., 1984, Geology of Point
Reyes peninsula and implications for San Gregorio fault history, in
Crouch, J.K., and Bachman, S.B., eds., Tectonics and sedimentation along
the California margin: Pacific section, Society of Economic
Paleontologists and Mineralogists, v. 38, p. 67-86.
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Andreas, San Gregorio-Hosgri, and Rinconada-Reliz-King City faults,
California: U.S. Geological Survey Professional Paper 1317, 37 p.

---1985, Mafic gneissic complex (batholithic root?) in the southernmost Sierra
Nevada, California: Geology, v. 13, no. 4, p. 288-291.

---In press, Basement-rock correlations across the White Wolf-Breckenridge-
southern Kern Canyon fault zone, southern Sierra Nevada, California: U.S.
Geological Survey Bulletin 1651 (Director's approval, December 12, 1984.

---In press, Metamorphic and plutonic rocks of the southernmost Sierra

Nevada, California, and their tectonic framework: U.S. Geological Survey
Professional Paper 1381 (Director's approval, March 5, 1985).
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INTEGRATED STUDIES OF EARTHQUAKE SOURCE ZONE CHARACTERISTICS, HAZARDS, AND
PREDICTION IN THE WASATCH FRONT URBAN CORRIDOR AND ADJACENT
INTERMOUNTAIN SEISMIC BELT

14-08-0001-21983

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

Investigations

1. Calibration of a seismic network for earthquake source studies using
teleseisms and local earthquakes.

2. Tests using local blast data of a technique for determining relative
earthquake locations by cross-correlation of waveforms.,

3. Further studies of the M 4.0 Richfield earthquake of May 24, 1982,
and associated seismicity.

Results

1. We have developed and successfully tested an indirect approach to cali-
brating amplitude response for individual stations of our network by using
amplitude displacement spectra of initial P-waves from deep focus telese-
isms (M5.5 or greater). For a given teleseism the displacement spectra for
a large set of stations, corrected for instrument frequency response, are
combined in the 1.2 to 2.4 Hz frequency band to form an average, which is
then compared with individual spectra to yield relative gain values.
Knowledge of the absolute -gain of one or more key stations allows calibra-
tion of the entire set.

An absolute gain value for the University of Utah network was cali-
brated using seismic moment measurements made by J. Boatwright of the U.S.
Geological Survey for aftershocks of the October 28, 1983 Boranh Peak,
Idaho, earthquake. Boatwright's measurements were made using data from 12
GEOS digital event recorders deployed in the epicentral area following the
mainshock. Fourteen of the aftershocks studied by Boatwright were exam-
ined, ranging in magnitude from M, 2.0 to 4.0 (a range constrained by limi-
tations of instrumental dynamiE range for the U of U stations). Low-
frequency P-wave spectral amplitudes for these events were determined using
a suite of fourteen stations of the U of U network in southeastern Idaho
and northern Utah., After establishing an absolute gain value for the U of
U network using these data, the seismic moments calculated from the U of U
data agree very well (within about a factor of 3) over the entire range of
moment values with those determined independently by Boatwright. It there-
fore appears that spectral data from regional seismic stations at distances
greater than 100 km can provide accurate information on relative seismic
moments, even though the assumptions on which the moment calculations are
based are not valid at such large distances.

2. Geller and Mueller (1980) hypothesized that earthquakes producing nearly
identical waveforms must have similar focal mechanisms and hypocenter

*J. F. Peinado and B. S. Thorbjarnardottir also contributed signi-
ficantly to this project during the report period.
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within 1/4 of the shortest wavelength to which the similarity extends.
Various investigators have subsequently applied this argument to studies of
small-scale earthquake clustering before and after moderate to large earth-
quakes., We have recently tested the 1/4-wavelength argument of Geller and
Mueller (1980) using seismograms of blasts in the Getty-Mercur Mine in the
Ogquirrh Mountains southwest of Salt Lake City. Seismograms from four dif-
ferent stations were filtered in four one-octave passbands with third-order
recursive Butterworth filters. Cross correlations were then calculated for
all possible event pairs from the filtered records for each station. The
mean peak cross correlation values are plotted versus blast separation
distance in Figure 1. This figure clearly demonstrates that the highest
cross correlation values are found for nearby events. The vertical bars
indicate the 1/4 wavelength values at the high frequency cutoffs of the
filters assuming a velocity of 3.4 km/sec, which is the P-wave velocity for
the uppermost crust measured on a nearby refraction line (Keller et al.,
1975). The horizontal bars are drawn at 0.6, which is the arbitrary cutoff
value used by Pechmann and Kanamori (1982) to separate "well correlated"
events from "poorly correlated" events. With very few exceptions, correla-
tion values of 0.6 or greater correspond to event separation distances of
less than the 1/4 wavelength values shown. Thus, these data support the
hypothesis of Geller and Mueller (1980) that events with similar waveforms
occur within one-quarter of the shortest wavelength for which the similar-
ity is observed.

3. The waveform cross correlation technique was used to investigate
preshocks and aftershocks of the M, 4.0 Richfield earthquake that occurred
on May 24, 1982 at 12:13. Four preEhocks occurred in a location 5 km NW of
the mainshock epicenter during a four-hour period on July 16, 1981. Clear
dilatational first motions observed at some stations demonstrate that these
events are not blasts. Seismograms of these four preshocks are extremely
similar at frequencies up to at least 16 Hz. (Figure 2), implying that the
hypocenters cluster within about one-quarter of the 16 Hz wavelength or 80
m. In contrast, none of the aftershocks show high cross correlations in
the 8-16 Hz passband and only two pairs have cross correlations of 0.6 or
greater in the 4-8 Hz passband. Likewise, no events highly correlated at
8-16 Hz and only one pair highly correlated at 4-8 Hz were found among a
group of 11 preshocks centered 15 km SW of the mainshock epicenter. Thus,
the four very similar preshocks near the mainshock epicenter appear to be
fairly unusual. We suggest that these 4 events may have represented the
breaking of a critical fault asperity, the failure of which resulted in a
transfer of stress to the location of the mainshock.

Using the method of Frankel and Kanamori (1983), we estimate a fault
radius for the mainshock 053 about 1.1 -1.6 km. Combining this with a
moment measurement of 1.3 x 10 dyne-cm determined from P-wave spectra
yields a stress drop of 15-41 bars for this earthquake.

Reports and Publications

Bruhn, R. L., R. B. Smith, W. T. Parry, D. S. Chapman, and M. D. Zoback,
1984, Proposed deep drilling of the Wasatch normal fault zone, Utah, Eos
Trans. AGU, 65, 1097.
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1983 Borah Peak, Idaho, earthquake from body wave analysis, submitted to
Bull. Seismol. Soc. Am.

Pechmann, J. C., W, D. Richins, and R. B. Smith, 1984, Evidence for a "dou-
ble moho" beneath the Wasatch front, Utah, Eos Trans. AGU, 65, 988.

Peinado, J. F., and W. J. Arabasz, 1985, "Size" estimates and source pro-
perties of selected earthquakes in southeastern Idaho, Geol. Soc. Am.
Abstracts with Programs, 17, 260.

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

Smith, R. B., W. D. Richins, D. I. Doser, J. C. Pechmann, L. L. Leu, and G.
J. Chen, 1984, The 1983, M_ 7.3 Borah Peak, Idaho earthquake: a model
for active crustal extensioR, Eos Trans. AGU, 65, 989.

Thorbjarnardottir, B. S., and J. C. Pechmann, 1985, Waveform analysis of
local Utah earthquakes using digital data, Geol. Soc. Am. Abstracts with

Programs, 17, 267.

Figure 1. (a) Location map for Mercur Mine blasts. (b) Mean of the max-
imum cross correlations calculated for filtered seismograms of Mercur
Mines blasts from four different stations. Values are plotted versus
separation distances between blasts, measured between the approximate
centers of the blasts areas. Typical blast dimensions are 60 x 160 m.
The vertical lines represent 1/4 wavelength at the upper limit of each
passband, assuming a velocity of 3.4 km/sec. The horizontal lines are
drawn at 0.6 and indicate a possible dividing line between "well corre-
lated" and "poorly correlated" events. 19.5 sec of record, beginning
with the P-wave, were used for the cross correlation calculations.
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RICHFIELD CROSS-CORRELATION MATRICES
Unfiltered 2.4 Hz
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Figure 2. Correlation coefficients calculated from filtered and unfiltered
seismograms recorded at station MSU ( A ~25 km) for all possible pairs
of events within 7 km of the M, 4.0 Richfield mainshock (May 24, 1982)
during 1981-83, Each circle represents the maximum value of the normal-
ized cross correlation function for the event pair corresponding to its
position in the matrix. The radius of the circle is proportional to the
correlation value, and circles representing values less than 0.6 are
solid. 19,5 sec of record were used for the cross correlations,
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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
(208) 442-0827

Investigations

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

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

3. Continued seismic monitoring of the Mount St. Helens area, including Spirit
Lake {(where the stability of the debris dam formed on May 18, 1980 is an issue)
and Elk Lake. (Weaver, Grant, UW contract)

4. Study of an earthquake sequence between 1958-1962 that occurred near Swift
Reservoir {the largest event has an M; =5.1). The events near Swift Reservoir
were probably on the southern segment of the SHZ. (Grant, Weaver)

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

Results

1. The earthquakes that followed the May 18 eruption of Mount St. Helens show a
pronounced deepening immediately following the onset of the eruption at 1532
(GMT). Prior to the eruption onset, nearly all of the earthquakes beneath Mount
St. Helens were low-frequency type in the very shallow crust, approximately 0-2
km beneath the surface of the crater floor formed on May 18. As the initial
eruption event decreased in amplitude, small magnitude (< 2.5), high-frequency,
tectonic-like earthquakes began. These events were located at depths between
about 4 km and 10 km, The rate of seismic activity slowly decreased for the first
three hours following the eruption onset, then began to build to a higher rate.
For the next 3 hours (3-6 hours after the eruption onset), earthquakes occurred
primarily between 4 and 10 km depth, but most events were clustered near 4 km
(Figure 1). Finally, about 8 1/2 hours after the eruption onset, seismic records
were nearly saturated with continuous activity.

The period of saturated activity has been studied using the Wood-Anderson
seismograph records from Seattle (165 km distant) and low-gain recordings
from USGS 5-day tape recorders located at close-in epicentral distances (12-40
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km) that ran throughout the sequence. These data clearly show that the period
of most intense seismic activity on May 18, is a series of moderate magnitude
earthquakes {up to 4.5), and that the majority of these events are located at
depths of 3 km to about 7 km (Figure 1). The maximum of the seismic energy
release is co-incident with the period of maximum number of earthquakes, and
correlates with the probable emplacement of a shallow magma body beneath the
crater floor at Mount St. Helens. We interpret the earthquakes between 3-7 km
as fracturing of the upper part of the magmatic system. Once this volume had
been sufficiently fractured, the magma body was able to move quickly through
the system, resulting in the "boiling over” of the crater described by observers
in the field on May 18.

After this emplacement phase, seismicity and volcanic activity changed
very quickly. Mount St. Helens ceased erupting within a few hours of the prob-
able time of emplacement, and earthquakes began to occur as deep as 20 km
beneath the system (Figure 1). We interpret these later events as adjustment
on regional faults that bound the magmatic system. On May 19 earthquakes
continued at depths between 5 and 14 km, although most of these events were of
small magnitude (<1.5). This swarm-like sequence of small events continued
until May 21.

2. BEarthquake hypocenters that are interpreted to be within the Juan de Fuca
plate beneath western Washington indicate that the plate has a non-planar
geometry south of Puget Sound. Available hypocenters indicate that beneath
southwestern Washington, the Juan de Fuca plate dips both to the northeast
(parallel to the relative direction between the Juan de Fuca plate and the North
American plate) and to the southeast.

Reports

Weaver, C. S. and C. A. Michaelson, Seismicity and volcanism in the Pacific
Northwest: evidence for the segmentation of the Juan de Fuca plate, Geo-
physical Research Letters, v. 12, (in press), 1985.

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

Shemeta, J. E., Weaver, C. S., and Grant, W. C., Details of the May 18, 1980 post-
eruption seismicity at Mount St. Helens, Washington, {abs), £0S, Transac-
tions, American Geophysical Union, v. 65, 1001, 1984.

Baker, G. E., A long period focal mechanism for the magnitude 7.1 south Puget
Sound, Washington, event of April 13, 1949, (abs), E0S, Transactions, Amer-
ican Geophysical Union, v. 65, 986, 1984.

Shemeta, J. E. and Weaver, C. S., Seismicity accompanying the emplacement of a

shallow magma body, {abs), submitted to Mount St. Helens: Five years
later, symposium at Cheney, Washington, (in press), 1985.

67



*0°T ueyl ssoT sopniTudewl YITM SIJUDAD

juesaidea sTOquAs ISOTTEWS BYJ seaiaym ‘(Q°y ueyl Ia3jeaisd
sjuase Furjussaidar sToquis 3se8iae] a2yl yirm ‘apnituldew
£q paTeos aie sayenbyjaee oyl 8T LW uo (IWD) ZE€ST

Je sem 39suo uoridnay 0861 ‘61 Pue 81 Lel uUo suayaH ‘1S

jJunol yjesuaq paijedo] sayenbyjaesa 103j 3oTd swrl °sa yidaq T 2andf4
=INIL
NOILdMd3a 9INIMOT10d sHnoH
0o 92 [44 8l 14 Ol 90 0

G2

w3 Hid3d

68



T-3

Holocene deformation near Coalinga, California
9540-02190

Brian F. Atwater, Project Chief
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, CA 94025
(415) 323-8111 x2031 FTS 467-2031

Investigations

(1) Completion of radiocarbon dating of Holocene alluvium capable of
expressing uplift on the Coalinga anticline, hence also providing constraints
on the repeat time of major fold-building earthquakes akin to that of 3 May
1985.

(2) Preparation of final report, intended as a chapter in the Coalinga
Professional Paper.

Results

Geomorphic and stratigraphic evidence together favor long (250 years or
greater) average repeat times for major fold-building earthquakes of late
Holocene age near Coalinga. An estimate in the range 200-600 years, allowed
by R.S. Stein and G.C.P. King on the basis of their structural interpretation
of a hump in the present alluvial plain of an anticline-crossing creek, should
be shortened to reflect the hump's nearly synclinal location but lengthened
greatly to acknowledge that the hump probably formed hydraulically.
Comparison of late Holocene and modern alluvial-plain profiles suggests no
uplift faster than one meter per thousand years. This in turn signifies a
repeat time of at least 250 years if all the uplift has accompanied major
earthquakes and if the amount of coseismic uplift has averaged 0.25 m along
the anticline-cross creek. These and other results are now (6 May 1985)
undergong coauthor review, and should be ready for formal peer review within
three weeks.

Reports

Atwater, B.F., Tinsley, J.C., Stein, R.S., Trumm, D.A., and Wert, S.L., 1985,
Late Holocene alluvial plains as structural datums across the Coalinga
Nose - Guijarral Hills anticline, Fresno County, California in Rymer,
M.J. and Ellsworth, W.L., eds., Proceeding of Workshop XXVII, Mechanics
of the May 2, 1983 Coalinga earthquake: U.S. Geological Survey Open-File
Report 85-44, p. 437-438 (published).
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Tucker, A.B., Tinsley, J.C., Atwater, B.F., Trumm, D.A., Robinson, S.W.,
Stein, R.S., Donahue, D.J., and Jull, A.J.T., 1985, Accelerator dating of
detrital and burned-in-place charcoal from the alluvium of Los Gatos
Creek, Fresno County, California, U.S.A.: submitted to Radiocarbon
Congress, Trondjheim, Norway (approved by Director).
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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

Investigations

1. Appearance of active faults in exploratory trenches.
2. Field investigations of surface faulting.

Results

1. Data from 119 trench exposures that contain more than 1000 fault strands
were analyzed. More than 10% of the strands have one or more obscure
segments (i.e., segments in which the fault is not visible or is
obscure). Of the strands for which the position of the ground surface at
time of faulting is known, about 80% of them die out upward. Thus a fault
strand that seems to be overlain by an apparently undisturbed deposit is
not necessarily older than the deposit. No consistent relation was found
between the amount of fault displacement and the occurrence of obscure
segments or strands that die out upward. Most obscure segments occur on
faults with small displacement, but many occur on faults with displace-
ments >1.5 m. A large fraction of obscure segments occur in coarse-
grained materials and soil horizons. Most obscure segments are of
substantial length, with nearly 60% of them longer than 0.3 m and about
20% of them longer than 1 m. A manuscript on these and other char-
acteristics of active faults exposed in exploratory trenches is in prepa-
ration.

2. An Open-File report on the Guinea, west Africa earthquake of December 22,
1983 was prepared. The Open-File report was modified for publication in a
journal.

Reports:

Bonilla, M.G., Mark, R.K., and Lienkaemper, J.J., 1984, Statistical relations
among earthquake magnitude, surface rupture length, and surface fault
displacement: Seismological Society of America Bull., v. T4, no. 6, p.
2379-2411.

Harms, K.K., Clark, M.M., Rymer, M.J., Bonilla, M.G., Harp, E.L., Herd, D.G.,
Lajoie, K.R., Lienkaemper, J.J., Mathiesen, S.A., Perkins, J.A., Wallace,
R.E., and Ziony, J.I., 1984, The search for surface faulting, in Bennett,
J.H., and Sherburne, R.W., eds., The 1984 Morgan Hill, California
ggrthquake: 6Califor'nia Division of Mines and Geology Special Publication

, p. 149-160.
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Langer, C.J., Bonilla, M.G., and Bollinger, G.A., 1985, Geologic and
seismologic field studies following the Guinea, west Africa, earthquake of
December 22, 1983 [abs.]: Earthquake Notes, v. 55, no. 1, p. 22.

Langer, C.J., Bonilla, M.G., and Bollinger, G.A., 1985, The Guinea, west
Africa, earthquake of December 22, 1983--Reconnaissance geologic and
seismologic field studies: U.S. Geologic Survey Open-File Report 85-282.

Lienkaemper, J.J., 1984, Comparison of two surface-wave magnitude scales: M
in Gutenberg and Richter (1954) and Mg of Preliminary Determination of
Epicenters: Seismological Society of America Bull., v. T4, no. 6, p.
2357-2378.
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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 Civie Drive
Pleasant Hill, CA 94523-1997

(415) 671-4926

Investigations

Its high rate of activity (5 mm/yr) and urban location make the Hayward fault
potentially the most destructive in the San Francisco Bay Area (Steinbrugge and
others, 1985). The fault may be due for a major earthquake--the most recent occur-
red on the southern segment 117 years ago, while the most recent on the northern
segment occurred at least 149 years ago. The objective of this work is to use soils
and sediments to determine the recurrence interval and the amount of displacement to

be expected for major earthquakes on the Hayward fault.

This phase of the investigation concentrated on developing background informa-
tion and doing the reconnaissance for site selection. Consultants' reports on sites
within the Alquist-Priolo Special Studies Zone were evaluated for precise fault
locations and for information on soil sites that might yield information on dis-
placement history and recurrence interval. In addition to the Point Pinole site,
the Niles alluvial cone was selected for detailed study. A late Holocene soil was
described and sampled in Fremont and the late Holocene deposits in the Alameda Creek
area in Niles were examined for evidence of faulting.

Work is continuing at the Point Pinole study site. A precise map of fault
location is being prepared through evaluation of cultural features and geomorphic
evidence. Two transects were bored at 1-m intervals across the fault in Reyes silty
clay loam in the tidal marsh. A late Quaternary section containing a well drained
Holocene soil and a paleosol offset by a subsidiary fault were described in the sea
cliff northeast of the fault. Samples for carbon dating have been obtained from a
landslide at the northwest end of the fault, and from a buried A horizon and a peat
deposit from the tidal marsh.
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Results

1. Of 339 seismic investigations performed within the Alquist-Priolo Special
Studies Zone along the Hayward fault, 46 report evidence for offset soils. Fully
half of these offset soils occur in the late Holocene alluvium in the Niles quad-
rangle. The upper 2 m of the alluvium near Alameda Creek appears to be less than
2,000 years old. For these reasons the Niles cone has been chosen as the second
site for detailed study. Exposures at Alameda Creek Quarries were examined for
evidence of soil development and fault displacement. Although there is clear evi-
dence for fault creep in the streets to the northwest, the artificial fill overlying
the offset sand and gravel deposits in the quarry does not appear to be disturbed.
The interbedded silt and sand units reported in consultants' reports from the Niles
cone probably are indicative of young alluvial soils useful for determining recur-
rence interval and displacement per event.

2. Curb offsets at 608 Banks, 613 Banks, and 704 Phanor in Parchester Village
south of Point Pinole averaged 15 em on 3/21/85. Offset from 1950 to 1971 was 11
em. By this measure, the aseismic creep rate on this part of the fault appears to
have decreased from about 5 mm/yr to about 3 mm/yr during the last decade.

3. Borings across the fault in the tidal marsh at the Point Pinole study site
reveal an Ab/Bgb/Bkegb/Cb sequence overlain by 60 em of young alluvium on the east
side of the fault and a Bgb/Bkegb/Cb sequence overlain by 100 em of bay mud and salt
pan deposits on the west side. The youngest deposits overlying the fault may
correlate with bay mud deposits overlying a distinctive peat layer that occurs at a
depth of 30 em throughout the marsh. Bay mud deposits in the northwest portion of
the marsh appear to dip gently toward the fault. During the next phase of the tidal
marsh study we will explore the possibility that the dense collection of modern
driftwood in this area has accumulated in response to subsidence that occurred
during the 1836 earthquake. Samples of the peat and of the buried A horizon will be
submitted for carbon dating.

Publications in Preparation

Borchardt, Glenn, 1986 (forthcoming), Smectites, in J. B. Dixon and S. B. Weed,
eds., Minerals in soil environments (2nd edition): Soil Seience Society of Ameri-
ca, Madison, WI.

Borchardt, Glenn, and Hill, R. L., 1985 (in press) Smectitic pedogenesis and late
Holocene tectonism along the Raymond fault, San Marino, California, in D. L. Weide
and M. L. Faber, eds., Soils and Quaternary geology of the southwestern United
States: Geological Society of America Special Paper 203.

Steinbrugge, K. V., Davis, J. F., Lagorio, Henry, Bennett, John, Borchardt, Glenn,
and Toppozada, Tousson, 1985 (forthcoming), Earthquake planning scenario for a
magnitude 7.5 earthquake on the Hayward fault: California Division of Mines and
Geology Special Publication.
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Applied Global Tectonics
9950-03899

C. G. Bufe
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966 Denver Federal Center
Denver, CO 80225
(303) 236-1585

The objective of this project is an improved understanding of occurrence
patterns of earthquakes and volcanic eruptions in time and space through the
development and testing of deterministic recurrence and triggering models.

Investigations

1. Annual and longer period occurrence patterns of earthquakes and volcanic
eruptions are being examined and implications for recurrence models
assessed,

2. Space and time variations in magnitude-frequency relations and their
implications for earthquake recurrence and prediction are being assessed
in collaboration with J. H. Pfluke in Menlo Park and A. M. Rogers in
Golden.

Results

Examination of annual variations in earthquake and volcano activity has shown
the presence in several regions of significant minima in activity near mid-
year. This is a time of annual acceleration in earth rotation resulting from
angular momentum transfer between the atmosphere and the solid Earth. Longer-
term patterns of earthquake recurrence and volcano repose time show evidence
of site-specific triggering at periods near 11 years and 22 years. These
periods correspond to the sunspot and the Hale heliomagnetic cycles
respectively, suggesting trigger mechanisms based on solar-terrestrial
interactions. Evidence of paleoclimatic variations near these periods has
been derived by several investigators from tree ring, ice core, and varve
data. Other investigators have detected the ll-year period in earth rotation
variations and global seismic energy release. A global model relating local
phase of event triggering to latitude and principal stress orientation is
currently being tested.

Report

Bufe, C. G., 1984, Possible solar influence on repeat times of Parkfield,
California earthquakes: Earthquake Notes, v. 55, no. 1, p. 16.
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DETAILED GEOMORPHIC STUDIES TO DEFINE LATE QUATERNARY
FAULT BEHAVIOR AND SEISMIC HAZARD, CENTRAL NEVADA SEISMIC BELT

Contract #21970

William B. Bull, Julia Fonseca, and Suzanne Hecker
Department of Geosciences
University of Arizona
Tucson, AZ 85721

(602)621-6024
Investigations
1. Hecker completed detailed age analysis of Holocene fault scarps along the eastern

base of the Stillwater Range, at the northern end of the 1954 Dixie Valley surface
rupture and the southern portion of the Stillwater seismic gap (see Fig. 1). Dating
methods involved a) diffusion-equation modeling of scarp-profile data, using the
diffusivity constant determined for Lake Bonneville and Lahontan shoreline scarps
(Hanks and others, 1984; Hanks and Wallace, in press); b) estimation of faulted and
unfaulted surface ages through quantified soil-profile field descriptions (after
Harden, 1982) and comparisons to dated soils in the area; and c) use of a buried ash
unit to calibrate rates of sedimentation in a small graben formed during Holocene
faulting. The magnitude of the prehistoric earthquake was estimated using the
moment-magnitude relationship of Hanks and Kanamori (1979). Measurements of
fault plane dip and focal depth for the 1954 earthquake allowed approximation of
the seismic moment.

2. Fonseca studied patterns of Quaternary faulting around the Sou Hills, a transverse
bedrock structure at the southern end of the 1915 Pleasant Valley earthquake
rupture.

Results

1.  The three independent dating techniques (see #1 above) yielded mutually consistent

results, suggesting that large magnitude faulting occurred 2.7-3.2 ka along the
eastern Stillwater Range front. Given dating resolution, the timing of prehistoric
Holocene faulting was synchronous in the historically ruptured and unruptured
positions of the Stillwater Range, suggesting that the historical pattern of incre-
mental filling of the Central Nevada seismic belt (CNSB) with successive, large
events may continue and eventually close the Stillwater seismic gap.

The size of the prehistoric earthquake is estimated to be M_. 7.2-7.5. The former
estimate uses a total rupture length of ~40 km, the lengtg of the set of nearly
continuous prehistoric Holocene scarps. The latter estimate assumes that the
entire 80 km Stillwater Range front ruptured simultaneously.

Earliest Holocene soils are displaced no more than younger soils, indicating an
absence of faulting during at least the first 8000 years of the Holocene. Average
long-term recurrence intervals of 7-13 ka and 6-8 ka are estimated for the late
Quaternary and late Cenozoic, respectively, based on cumulative offset of late
Pleistocene alluvium and late Miocene basalts. In view of the observed variability

of recurrence during the Holocene, individual return periods may vary considerably
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from long-term average recurrence intervals. Conversely, average recurrence
intervals should be used with caution when predicting actual return periods between
faulting events.

Ongoing study of late Quaternary ruptures in the Sou Hills portion of the central
Nevada seismic belt (CNSB) reveals a complex normal faulting style. The Sou Hills
block is an area of uplifted Tertiary bedrock transverse to the north-south trend of
the CNSB. In contrast to the pattern seen in adjacent segments of the CNSB,
where ruptures are concentrated along well-defined mountain fronts, ruptures in
the Sou Hills are distributed along faults both bounding and internal to the block, as
well as along faults scattered across the piedmont. Individual rupture segments are
characterized by shorter lengths (generally 1-2 km) and smaller displacements (less
than or equal to 1 m) as compared to the more continuous ruptures of several
meters offset found along the adjacent Tobin and Stillwater Ranges.

Studies of historic normal faulting events such as the 1915 Pleasant Valley earth-
quake (Wallace, 1984) and the 1983 Borah Peak earthquake (Crone and Machette,
1984) seem to indicate that this style of discontinuous, spatially distributed faulting
typifies ruptures which die out in transverse bedrock structures. If these historic
events may serve as analogues, then the pattern of prehistoric faulting suggests
that ruptures have repeatedly died out in the Sou Hills structure.

Other evidence that ruptures propagating along the Tobin and Stillwater Ranges
often die out in the Sou Hills comes from analysis of landform parameters that
reflect rates of relative uplift. Using measurements of mountain front sinuosity,
the ratio of valley floor widths to heights, and triangular facet stages, mountain
front segments have been classified on the basis of relative tectonic activity. Both
the Stillwater and Tobin Range show a decline in activity where they join the Sou
Hills.

Furthermore, late Cenozoic geologic displacements of pre-extension basalts and a
decline in basin fill thickness towards the Sou Hills suggest that the total amount of
tectonic offset is considerably less in the Sou Hills segment as compared to adja-
cent segments of the CNSB.

A change in the sense of Quaternary fault displacement from down-to-the-east to
down-to-the-west occurs within the Sou Hills, but no through-going fault appears to
link the two zones. This, together with the fact that the 1915 rupture ends just
north of this transition (Wallace, 1984), may indicate that the Tobin and Stillwater
Range fronts do not rupture simultaneously. Transverse structures like the Sou
Hills may be an important factor in limiting the size of earthquakes, as suggested
by Zoback (1983).

References

Crone, A.J., and Machette, M.N., 1984, Surface faulting accompanying the Borah Peak

earthquake, central Idaho: Geology, v. 12, p. 664~667.

Hanks, T.C., and Kanamori, H., 1979, A moment magnitude scalet Journal of Geophys-

ical Research, v. 84, n. B5, p. 2348-2360.

Hanks, T.C., Bucknam, R.C., Lajoie, K.R., and Wallace, R.E., 1984, Modification of

wave-cut and faulting-controlled landforms: Journal of Geophysical Research, v.
89, p. 5771-5790.
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Hanks, T.C., and Wallace, R.E., 1984, Morphological analysis of the Lake Lahontan
shoreline and Beachfront fault scarps, Pershing County, Nevada: Seismological
Society of America Bulletin, in press.

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.

Wallace, R.E., 1984, Fault scarps formed during the earthquake of October 15, 1915,
Pleasant Valley, Nevada and some tectonic implications: U.S. Geological Survey
Professional Paper 1274-A.

Zoback, M.L., 1983, Structure and Cenozoic tectonism along the Wasatch fault zone,

Utah, in Tectonic and Stratigraphic Studies in the Eastern Great Basins, Geological
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Holocene and Quaternary Geologic Studies
9540-03787

Robert 0. Castle
Branch of Western Regional Geology
345 Middlefield Road MS 975
Menlo Park, CA 94025
(415) 323-8111, ext. 2353

Investigations

1. Continued investigations, data analyses, and preparation of report on
historic surface deformation in the Salton Trough and adjacent parts of
southeastern California--a report which emphasizes the contrast in
contemporary tectonic activity between southeastern California and
southwestern Arizona.

2. Continued preparation and editing of two reports on the magnitude and
predictability of the so-called unequal-refraction error in geodetic leveling.

Results

Comparisons among the results of repeated geodetic levelings in the
Salton Trough, with respect to a tectonically invariant San Diego reference
mark, reveal both considerable variability and complexity in the nature and
range of vertical displacements throughout southeastern California, even
during the relatively short, approximately 80-year span of the historic
record. Regional patterns of vertical crustal deformation in the Salton
Trough have changed markedly through both space and time and variously involve
periods of relative tectonic quiescence, abrupt episodes of accelerated
aseismic movement and tilting and periodic reversals in tilt direction. The
detailed vertical displacement histories of many individual bench marks are
commonly characterized by a long-term trend or tilt that reflects an apparent
continuation of trends recognized in the latest Quaternary geologic record.
Cumulative regional geodetic trends define a net structural deepening in the
Salton Sea area, but most other areas, including both the Coachella Valley and
the Imperial Valley, have sustained significant net uplift during the period
of historic record. Moreover, contemporary crustal movement in southeastern
California has actually ranged broadly beyond the Salton Trough and involves
considerable historic uplift and tilting within a relatively aseismic portion
of the southern Peninsular Ranges extending nearly as far west as the
metropolitan San Diego area. The magnitude of cumulative uplift declines
rapidly east of the Colorado River but persists as several relatively
irregular steps as far east as The Gila Mountains, about 70 km east of Yuma.
With the possible exception of the effects of compaction-induced subsidence
attributable to localized ground-water withdrawls, no significant vertical
displacements have otherwise occurred along the reach from the Gila Mountains
to the Hassayampa area. These geodetic comparisons are thus consistent with
the general absence of any historic seismicity and the geologically inferred
stability within this part of southwestern Arizona.
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In many places, particularly in the Imperial Valley, the long-term
geodetic trend has been periodically or cyclically interrupted by abrupt and
rapidly developed, short-term pulses of uplift and subsequent partial
collapse, specifically during the 1930s and in the 1970s. The overall gross
similarities in both the timing and character of these pulses, which are
regionally widespread and range in magnitude up to about 0.4 m, suggest that
these patterns may somehow be associated with subsequent large-magnitude
earthquakes along the Imperial fault in 1940 and again in 1979. A more
localized episode of accelerated surface tilting may have preceded the 1968
Borrego Mountain earthquake along the San Jacinto fault in the epicentral
region west of the Salton Sea. Localized vertical crustal deformation and/or
pronounced tilting has continued along or adjacent to other active fault zones
throughout southeastern California inlcuding the Imperial, Brawley, San
Jacinto, San Andreas, and La Nacion faults. There is additional evidence from
the geodetic record obtained from both the Salton Trough and the Peninsular
Ranges of contemporary aseismic activity or vertical offset along several
mapped faults not otherwise known to have sustained historic displacement, and
for progressively increasing, but narrowly restricted, active fault-like
movement in areas where no known faults have been mapped. Regionally
widespread uplift during the mid-1970s in southeastern California was
temporally coincident with widespread uplift during this same period in other
parts of Southern California. At its probable culmination around 1974,
broadly developed crustal swelling straddled the entire plate margin from the
southernmost Coast Ranges, across the Transverse Ranges and the Big Bend
region of the San Andreas fault, through the Salton Trough and was apparently
increasing in magnitude when last seen heading south across the International
boundary.

Reports

Castle, R. 0., Elliott, M. R., Church, J. P., and Wood, S. H., 1984, The
evolution of the southern California uplift, 1955 through 1976; U.S.
Geological Survey Professional Paper 1342, 136 p.

Castle, R. 0., Elliott, M. R., and Gilmore, T. D., 1985, An early 20th-century
uplift in southern California: U.S. Geological Survey Professional Paper
1362 (in press).

Castle, R. 0., Gilmore, T. D., Mark, R. K., and Shaw, R. H., 1985, Empirical
estimates of cumulative refraction errors associated with procedurally
contrained levelings based on the Gaithersburg-Tucson refraction tests of
the National Geodetic Survey: (approved by Director)
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LATE QUATERNARY SLIP RATES ON ACTIVE FAULTS OF CALIFORNIA
9910-03554

Malcolm M. Clark
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2591

Investigations

1.

1.

Late Quaternary traces of the Calaveras fault in the epicentral area of
the 1984 Morgan Hill earthquake (K.K. Harms, M.M. Clark).

The Nunez fault near Coalinga (M.J. Rymer, J.J. Lienkaemper).

Holocene history of Lone Pine fault, Owens Valley (L.K.C. Lubetkin, USFS;
M.M. Clark).

Continuing investigation of late-Quaternary slip rates along California
faults for update of slip rate table and map (M.M. Clark, J.J. Lienkaemper,
K.K. Harms).

Results

In April we checked lineations and mapped traces east of the active trace
of the Calaveras fault in search of any recent movement. The 1984 Morgan
Hil1l earthquake seismicity is systematically offset to the east of the
mapped active trace and prompted this search. We checked Dibblee's (1972)
East Branch Calaveras fault and its splay to the west at all road
crossings from northeast of San Felipe Valley to the notch east of hill
2477, south of Henderson Ridge. We checked Dibblee's Madrone Springs
fault in Packwood Valley and on the road to the north and above the
valley, as well as unmapped lineations east of San Felipe Valley. We did
not find any preserved ground rupture associated with the 1984 Morgan Hill
earthquake, nor any unequivocal evidence for recent movement.

Clastic dikes are exposed parallel to and only in the hanging wall of the
Nunez fault. Some dikes are truncated at the base of a Quaternary terrace
deposit and other dikes intrude the deposit. A1l clastic dikes checked in
the area have similar mineralogies to that of the local Great Valley
sequence sandstones, the inferred source beds. The clastic dikes were
apparently to be caused by the strong shaking of earthquakes and, if so,
indicate that large earthquakes on the Nunez fault both predate and
postdate deposition of the Quaternary terrace. The age of the terrace
deposit is inferred to be tens to hundreds of thousands of years old, from
its position 20 m above the bed of Los Gatos Creek and a 14C age of 1800
yr in deposits only 1 m above the creek.
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4a.

Analysis of trench walls in the modern flood plain of Los Gatos Creek
gives an approximation of recency of pre-1983 movement on the Nunez
fault. A 10 cm high monoclinal flexure developed at the trench site in
the 1983 earthquake sequence. Fine-grained strata exposed in the trench
walls show this 10 cm flexure, but no additional offset. 14¢ ages of
sediments exposed in the trench are 140+230 and 255+220 yr at depths of
0.5 to 0.9 m and 1800+124 yr at 2.1 m depth. The 13C ages and lack of
any offset greater than the 10 cm developed in 1983 indicate no large
earthquakes on the Nunez fault in the last 1,700 to 1,900 yrs.

The Lone Pine fault is a north-trending secondary break in the Owens
Valley fault zone, 1.4 km west of Lone Pine, Calif. This fault forms a
proiminent east-facing scarp across an abandoned fan of the Tioga (latest
Pleistocene) glaciation, and was the site of significant displacement
during the 1872 Owens Valley earthquake. Knowledge of the character and
amount of slip at this site in 1872 may be of value in assessing
earthquake potential in this region and in other parts of the Great Basin.

Dip slip along this scarp from the 1872 earthquake was 1 to 2 m. A young
debris flow that crosses the scarp has been offset 6 to 7 m right
laterally and 1 to 1.5 m vertically, apparently in 1872. Average total
dip slip of this fan surface is about 5.5 m. About three 1872-size
earthquakes could have produced the scarp. This number of events is also
indicated by desert varnish patterns on boulders in the fault scarp and by
scarp morphology. An average recurrence interval for three such events is
3,300 to 10,500 yrs. This estimate is based on the age of the fan
surface, which is bracketed by a 21,000 year-old shoreline of Lake Owens,
and by the time of abandonment of the fan, about 10,000 years ago. This
average recurrence interval, combined with the total 1872 offset of the
debris flow, gives an average late Quaternary slip rate of 0.6-2 mm/yr for
the Lone Pine fault. The average recurrence interval applies to the Lone
Pine fault only, rather than to the Owens Valley fault zone as a whole.
Other fault scarps near Lone Pine suggest that earthquakes occur in this
region more frequently than every 3,300 to 10,500 years.

Increased use of late Quaternary slip rates has produced better tectonic
analyses and earthquake hazard estimates, yet we are concerned that users
may lose sight of the significant limitations in most slip rates. Slip
rates (slip/time) are deceptively simple, but estimates of both slip and
time generally include crucial assumptions and significant measurement
errors.

The principal sources of uncertainties in measurements of slip are (1)
imprecise boundaries to the features that have been offset, (2)
measurements that fail to span the entire zone of faulting or deformation,
(3) no measurement for one of the components of slip, and (4) incorrect
identification of apparently offset features.
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4b.

Most estimates of elapsed time have large uncertainties. Dates commonly
must be obtained indirectly from associated deposits or features, and
involve assumptions about that association. Such dates generally bracket
the elapsed time, often by wide margins. Dating techniques themselves may
contain major assumptions and analytical uncertainties. In addition, if
recurrence interval is large relative to the time period, a major
uncertainty in slip rate arises if the measured time period does not begin
and end at the same place on an assumed earthquake recurrence cycle.

Estimates of both slip and elapsed time should include minimum and maximum
allowed by the data. These extremes should be combined to produce the
extreme ranges of resulting slip rate. Those who report slip rates should
fully disclose and discuss all aspects of methods, assumptions, and
uncertainties that produced those rates. They should also evaluate the
quality of the slip and age estimates, and, where possible, give a
qualified opinion, based on experience and judgment, of preferred value if
the range of slip rates is large.

S1ip rates will improve as more and better data become available. For
now, we urge those who use slip rates to use caution and common sense and
to clearly identify how uncertainties affect their results.

Quaternary faults of California as compiled by Jennings (1975) were
scanned by an automatic laser digitizer by U.S. Geological Survey National
Mapping Division in a cooperative cartographic experiment with the Branch
of Engineering Seismology and Geology. Using computer programs for raster
to vector conversion and for inverting the original fault map projection
grid, the Quaternary fault traces were made generally available for
computer driven plotting (Lienkaemper, 1985).

J.Jd. Lienkaemper's compilation of all historic slip rates in California at
a minimal data standard is nearing completion for northern and central
California. Two goals have been set for this study: (1) to estimate the
macroseismic slip fraction for late-Quaternary faults in California, (2)

to identify important segments of late-Quaternary faults in California for
which no reliable historic slip indicators yet exist. Historic slip-rate
data standards cannot be improved using only published sources; the oldest
slip indicators need to be carefully reevaluated and freshly measured and
documented in several cases. Several important segments of late-Quaternary
faults do require installation of slip indicators such as quadrilaterals.

Investigation by literature review of afterslip on reverse faults other
than the Nunez uncovered a mistaken report of afterslip in the 1971 San
Fernando earthquake, California. A 42 cm difference in Little Tujunga
Canyon reported by Savage, Burford and Kinoshita (1975) was actually
attributable to mistaking a backsight (Lienkaemper and Burford, 1985).
The afterslip at line N2 (>6 cm) at Nunez fault is therefore the largest
reported for a reverse fault within 50 m of a surface rupture.
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Lienkamper, J.J., 1985, Quaternary fault map of California in digital format:
U.S. Geological Survey Open-File Report 85-211, 14 p.

Lienkamper, J.J., and Burford, R.0., 1985, No large afterslip in Little
Tujunga Canyon following the 1971 San Fernando earthquake: Bulletin
Seismological Society America, v. 75, no. 2, p. 627.

Lubetkin, L.K.C., and Clark, M.M., 1985, Late Quaternary activity along the
Lone Pine fault, eastern California: U.S. Geological Survey Open-File
Report 85-290, p. 118-140.

Rymer, M.J., in press, Estimation of Tate Quaternary activity on the Big
Valley fault, Lake County, California, in Sims, J.D., ed., Geological
Society of America Special Paper.

Rymer, M.J., W.L. Ellsworth, eds., 1985, Mechanics of the May 2, 1983
Coalinga, California earthquake: U.S. Geogical Survey Open-File Report
85-44, 438 p.

Rymer, M.J., Roth, Barry, Bradbury, J.P., and Forester, R.M., in press,
Depositional environments of the Cache, Lower Lake, and Kelseyville
Formations, Lake County, California, in Sims, J.D., ed., Late Quaternary
climate, tectonism, and sedimentation in Clear Lake, northern California
Coast Ranges, Geological Society of America Special Paper.

Sims, J.D., Rymer, M.J., and Perkins, J.A., in press, Late Quaternary deposits
beneath Clear Lake, California--physical stratigraphy, age, and
paleogeographic implications, in Sims, J.D., ed., Geological Society of
America Special Paper.
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Dating Holocene Fault Movements in East-central
Idaho using Primary Tephra

14-08-0001-21992

3. Cochran, K. Sprenke and P, Sablock
Department of Geology
University of Idaho
Moscow, ID 83843
(208)885-7977

Investigations:

The goals of the investigation are to locate offset tephra
along the Lost River Range fault system in south central Idaho.
These offset tephra will be used to measure and date late
Quaternary faulting in the area. A second goal of this project is
to establish a late Quaternary tephrochronology of the study area.

Results:

1. The initial phase of this project involved the construction of
a hand operated, 1lU.0 cm diameter, modified Livingston soft
sediment coring sampler capable of extracting up to thirty
meters of lake sediment, in two meter sections.

2. Several high altitude lakes, in south-central Idaho, were
cored during the winter months of 1985, The purpose of this
coring was to provide a complete late Quaternary
tephrochronological and sedimentological record of the area,.
The lakes were selected on the basis of low estimated
sedimentation and high organic production. We estimate that
niether lake is older than the last major glacial advance,
probably about 15,000 years B.P. Ten meters of continuous,
overlapping, core were extracted from Little Redtish Lake in
the Stanley Basin. A single, non-overlapping, twenty meter
core section was extracted from Jimmy Smith Lake near Challis,
Idaho, before weather conditions forced a shutdown of
operations. Additionally, exposures of late Quaternary alluvium
and colluvium in the Challis area, which contained tephra,
were sampled and documented.

3. The core sections from Little Redfish Lake have been
examnined, described ana documented., Initial petrographic
analysis of the sediments reveals the presence of four tephra,
one of which is possibly reworked. About sixteen organic
samples, bounding the tephra, have been collected for
radiocarbon dating, Electron microprobe analyses of the glass
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shards in the various tephra has begun. Neitner the
radiocarbon dates nor the results of the microprobe analysis
are available at this time.

Preliminary petrographic analysis of the four tephra

found in the Little Redfish Lake core indicate the presence of
a tephra layer petrographically identical to Mt. Mazama layer
O (ca., 6700 BP). There is one primary tephra below the

Mazama layer which appears to resemble various Glacier Peak
tephra deposited between ca. 14,000 and 11,000 BP. Another
tevhra, stratigaphically superior to the Mazamna layer,

is petrographically similar to tne younger Mt, St., Helens
ejecta. The fourth tephra, lies above tne (Glacier

Peak layer and is, as yet, unidentified. This tephra is
contained in a turbidite sequence and has been reworkea.
Preliminary analysis of this tephra indicates that it is
unlike any of the other tephra and may be derived from pre-
Holocene ash deposits,

Continuing Research:

Field investigations along the Lost River fault systein will
begin early in the summer of 1985, These investigations will
focus on locating primary and secondary tephra deposits along
the Willow Creek scarp.

Presentations:

Cochran, B. and Sprenke, K., 1984, Dating of Holocene Fault
Movements in east-central Idaho using Primary Tephra: USGS
Workshop XXVII on the Borah Peak Earthqguake, Sun Valley, Idaho,
October 1984,
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Earthquake Hazard Investigations in the Pacific Northwest
14-08-0001-21862

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

Investigations

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

1. Analysis and interpretation of Pn observations for both eastern and western Washington
2. Development and implementation of automated processing of seismic events using digital net-
work data

3. Development of a revised crustal structure model for the greater Puget Sound Region

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

Results p

1. Previously reported results from Pn analysis are being prepared for publication by C. Zervas
and R. S. Crosson. ‘

2. Our algorithm for automated phase and coda length picking is operating in a testing and
verification mode. The routine performs well for events above a specific size. We anticipate that
the autopicking will improve our network magnitude calibration by providing quantitative and
consistent estimates of coda lengths. We are calibrating auto-processed coda duration measure-
ments to Wood-Anderson amplitude measurements for the purpose of improving the consistency
and accuracy of local magnitude determinations. Use of automatic processing in routine network
data analysis appears feasible and we will begin trial implementation soon.

3. Using auto-picked digital data for 58 seismic events (48 earthquakes, 10 explosions), we
inverted for a coupled P and S velocity model for the greater Puget Sound region. The final
model, although similar to our previous model in the depth range from about 12 km to 30 km,
has a thinner surface layer of velocity 5.4 km/sec and a slight velocity reversal in the interval 30-
40 km. km. The constraint on the velocity in the 30-40 km depth range, an earthquake free
zone, with our new model appears to be better than that previously obtained. This structure
inversion effort is preliminary to undertaking a reexamination of deep earthquake seismicity.

4. Various studies of PNW focal mechanisms have been undertaken previously, but no system has
been established to comprehensively compile and classify all available mechanisms. Therefore, we
are creating a data base of events for which focal mechanisms have been determined and trace
data checked. A search is also being made to identify other events for which focal mechanisms
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can be determined and to compile a comparatively complete data base of focal mechanisms. To
date, evidence from focal mechanisms is difficult to reconcile with regional stress; focal mechanism
data seem to favor NS compression rather than the N70E direction predicted on the basis of geo-
detic strain measurements, or the N50E direction of plate convergence determined from ocean-
floor magnetic anomalies. Focal mechanisms are observed that reflect stress orientations which
contradict the expectation from locked subduction. If earthquakes occur on preexisting fractures
which are planes of weakness, then the apparent stress direction from focal mechanisms does not
necessarily define the true stress direction (McKenzie, 1969). McKenzie made the single assump-
tion that the slip vector is always parallel to the direction of resolved shear stress in the fault
plane. Using this assumption, for a particular ratio of principal stresses and a particular fault sur-
face, all allowable orientations of true principal stress can be defined. In the extreme case, the
actual axis of greatest principal stress may be as much as 90 degrees away from the apparent axis
determined by the P axis of a focal mechanism. Recently, Gephart and Forsyth (1984) have dev-
ised a method of determining tectonic stress orientation, which also gives information about the
ratio of principal stresses. This method depends on a statistical distribution of focal mechanisms
and uses physical principles stated by McKenzie (1969) in addition to a ‘minimum rotation’ cri-
teria. We have begun implementation of their analysis programs. This method, or a modification
of it, promises to provide a powerful tool for extracting stress information from focal mechanism
data; and may help resolve the question of tectonic stress in the Pacific Northwest margin area.

Articles:

Crosson, R.S., 1985 (in preparation), A New Algorithm for Automated Determination of Phase
Arrival Times and its Application to Regional Network Data, to be submitted to
B.S.SA..

Noson, Linda Lawrance, Ruth S. Ludwin, Robert S. Crosson, 1985, Compilation of Earthquake
Hypocenters in Western Washington - 1979, State of Washington Department of

Natural Resources, Information Circular 79.

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

Zervas, C.E., and R.S. Crosson, 1985 (in preparation), Pn Observations and Interpretations in
Washington.

Abstracts:

Zervas, C., and R.S. Crosson, Pn velocities and station delays in Washington, EOS, 65, no. 17, p.
330, 1984.

Ludwin, R. S. and R.S. Crosson, The Azimuth of Regional Tectonic Compression in the Pacific
Northwest from Shallow Thrust Earthquakes, EOS, 65, no. 45, p. 986, 1984,
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Reports:

Univ. of Wash. Geophysics Program, 1985, Regional Seismic Monitoring in western Washington
and Earthquake Hazard Investigations in the Pacific Northwest, 1983-1984 Final
Technical Report U.S.G.S. Contracts 14-08-0001-21861 14-0001-21861.

Univ. of Wash. Geophysics Program, 1984, Quarterly Network Report 84-C on Seismicity of
Washington and Northern Oregon July 1 through September 30, 1984, 25p.

Univ. of Wash. Geophysics Program, 1984, Quarterly Network Report 84-D on Seismicity of
Washington and Northern Oregon October 1 through December 31, 1984, 23p.

90



T-3

Soil Development as a Time-Stratigraphic Tool
9540-03852

Jennifer W. Harden
Branch of Western Regional Geology
U.S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, California 94025
(415) 323-8111 ext. 2039

Investigations

1. The first objective of this project is to use soil development as age
control for studies on the recency and timing of tectonic events. Geomorphic
surfaces that have been offset by faults are correlated across the fault and
approximately dated by the degree of soil development. In some studies, the
surfaces include both Pleistocene and Holocene deposits, thereby providing
information on the evolution of fault activity.

2. The second objective is to develop methods for sampling and data
analysis to (a) establish rates of soil development in areas where soils have
been studied and dated radiometrically; (b) test comparability of development
rates between different geographical and geologic settings; and (c) establish
statistical methods for estimating the ages of deposits based on soil
development and calibration curves.

3. These methods are to be applied in areas along faults such as the San
Andreas and Calaveras (in conjunction with J. C. Matti and M. M. Clark, U.S.
Geological Survey; FY-85, 86).

Results

1. Soils sampled near Tres Pinos, Palo Alto and Yucaipa in 1984 were
prepared and analysed for particle size, bulk density, dithionite iron and
percent magnetite. Approximately 150 samples were analyzed for a total of
about 600 samples runs (M. J. Singer, P. Janitzky, J. Aniku contract number
(4-9540-0074) .

2. A statistical method has been devised for the computer for estimating
rates of soil development and for comparing rates in different areas. Soil
parameters are plotted against deposit age in calibration areas, and
statistical methods are used to estimate long-term rates of soil
development. Ordinary least squares is not appropriate for soil studies,
because this method assumes that there is no error in calibration dates.

A maximum likelihood estimate (MLE) procedure was designed to estimate
long-term rates of soil development. The MLE method, designed by Paul Switzer
(Stanford University) and programmed by Robert Mark (U.S.G.S.), assumes that
soil variability may be different on different-aged surfaces and can be
estimated by examining multiple soil profiles on a given-aged surface. The
method also allows calibration dates to have uncertainties associated with
them; ages with error are assigned to each surface according to radiometric
dates with uncertainties from laboratory error and from geologic
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considerations such as stratigraphic position of the dated material relative
to the geomorphic surface. The slope of the curve, or rate of soil
development, is similar to that obtained from a two-error regression.

Errors or uncertainties of the slope are estimated by a Monte Carlo
resampling technique. This method involves resampling soil data, assuming
that the data can be described by a Gaussian distribution. Each time a new
data set is generated, the MLE method is used to estimated the slope or soil-
development rate. The error associated with the slope are then estimated as
the standard deviation of the 100 simulated slopes calculated from resampling.

To estimate the age of a surficial deposit from the degree of soil
development, the same MLE method is used. Errors or uncertainties in the ages
are calculated by resampling the soil data from the deposit of unknown age, as
well as the calibration data. One hundred recalculations of the age are used
to represent error bars of the age estimate.

Publications

Harden, J. W., 1984, Techniques and uncertainties in using soil development
for stratigraphic, geomorphic, and age analyses (abs): Earthquake Notes,
Vol. 55, no. 1, p. 7.

Harms, K. K., Harden, J. W., Hoose, S. N., and Clark, M. M., 1984, Estimating
slip rates along Calaveras Fault, California, using soll chronology and
geometry of stream terraces: Earthquake Notes, Vol. 55, no. 1, p. 9.

Singer, M. J. and Peter Janitzky, 19&_ , A field and laboratory manual for a

study on soil chronosequences: U.S. Geological Survey Bulletin No. 1648,
p. 180, text figures 17.
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Tectonics of Central and Northern California
. 9910-01290

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

Investigations

1.

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

2. Revisions and final drafts of geologic maps of the Dubakella Mountain and
Hyampom 15-minute quadrangles, California, following reviews by the Branch
of Western Technical Reports.

3. Compilation of the geology of the Garberville 100,000-scale quadrangle,
California, in cooperation with M.C. Blake and others.

4. Preparation of a geologic map of the Redding 2-degree sheet, California,
in cooperation with J.P. Albers.

5. Preparation for outside publication of manuscripts entitled "Cryptic
tectonic domains of the Klamath Mountains, California and Oregon" and,
with C.D. Blome, "Significance of equivalent radiolarian ages from Cyprus
and Oman."

Results

Project work has shed light on the tectonic problem of determining the
time of accretion of the Klamath Mountains province to the North American
continent. The numerous fragments of oceanic crust and island arcs that
make up the Klamath Mountains province were joined together (amalgamated)
in an oceanic setting during Paleozoic and Mesozoic tectonic events. They
must have accreted to North America as a composite unit during latest
Jurassic or earliest Cretaceous time before deposition of the Cretaceous
Great Valley overlap sequence. Their time of accretion to North America
would be ascertained most readily by direct observation of the boundary
relations between the Klamath terranes and the continental bedrock, such
as the development of a datable zone of metamorphism along the boundary or
by the presence of datable plutons that crosscut the boundary. However,
the boundary is concealed by a broad area of overlap sequences of
Cretaceous and younger sedimentary and volcanic strata.
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Paleomagnetic study of the problem, done in collaboration with E.A.
Mankinen and C.S. Gromme, has so far yielded the best evidence for the
time of accretion of the Klamath terranes to North America. The rocks
drilled in the Eastern Klamath terrane generally show substantial
clockwise rotation relative to stable North America; the Permian and
Triassic strata have rotated about 100 degrees and the Jurassic about 50
degrees. During the last report period we drilled Shasta Bally batholith
which is Early Cretaceous (135 Ma) in age and which cannot be more than a
few million years older than the Lower Cretaceous (Hauterivian) strata of
the overlap sequence that rest on the batholith's eroded surface.
Previous study had shown that the Lower Cretaceous overlap sequence has
rotated 1ittle--probably no more than 12 degrees. This led us to predict
that Shasta Bally batholith, unlike other plutons that had been drilled in
the Klamath Mountains, also would show little rotation.

The preliminary laboratory results obtained during the present report
period indicate little rotation for Shasta Bally batholith. This lack of
substantial rotation relative to stable North America and the similarity
in this regard to the Lower Cretaceous overlap sequence suggests that the
Early Cretaceous emplacement of Shasta Bally batholith approximates the
time of accretion of the Klamath Mountains province to North America.
These and other data also indicate that the time-honored concept of the
Nevadan orogeny needs major revision.

Reports

Irwin, W.P., 1985, Cryptic tectonic domains of the Klamath Mountains,

California and Oregon, in R. H. Jahns Memorial Volume: Elsevier

Scientific Publishing Co., in press.

Blome, C.D., and Irwin, W.P., 1985, Significance of equivalent radiolarian

ages from ophiolitic terranes of Cyprus and Oman: Geology, in press.

Mankinen, E.A., Irwin, W.P., and Gromme, C.S., 1984, Implications of

paleomagnetism for the tectonic history of the Eastern Klamath and related
terranes in California and Oregon, in Nilsen, T.H., ed., Geology of the
Upper Cretaceous Hornbrook Formation: Society of Economic Paleontologists
and Mineralogists, Pacific Section, v. 42, p. 221-229.
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Coastal Tectonics, Western U.S.
9910-01623

Kenneth R. Lajoie
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2642

Investigations

1. Uplift and deformation of Pleistocene marine strandlines and deposits
along the Palos Verdes fault, Los Angeles County, California.

2. Set up and computerize amino-acid geochronology laboratory. Inter- and
intraspecies and outcrop variability of amino-acid analysis in fossil
molluscan shells.

Results

1. Geomorphic and amino-acid data indicate that the "first terrace" mapped by

Woodring in the San Pedro area (1946) consists of at least two and
possibly as many as four separate marine terraces that may range in age
from 85 ka-300 ka B.P. Woodring used the warm-water aspect of fossil
molluscan faunas as a basis for correlating isolated or widely separated
terrace remnants in the San Pedro area. However, the temperature aspect
of the faunas may be controlled by local marine conditions (shallow
embayment) rather than paleosea level. Consequently, the temperature
aspect may not be a useful correlating tool for emergent terraces and
subsurface strata in this area.

2. Amino acid data on fossil shells from about 30 m of deformed strata
exposed in a road cut along Gibson Boulevard on the basin margin west of

the fault may range from 300 ka-700 ka(?) B.P. This age range is probably

represented by much thicker sections of strata in deeper parts of the
basin east of the fault. Fossil shells from deep boreholes west of the
fault are being analyzed to affect correlations across the fault and to
determine relative fault displacement throughout late Holocene time.
Preliminary analysis of well logs and sample cuttings from deep boreholes
east of the Palos Verdes fault indicate that there may be unconformities
in the late Pleistocene strata. Preliminary paleontological analysis of
fossil molluscan fauna from these boreholes indicate that most of the
strata were deposited under shallow-water conditions. Therefore, the
depth of each assemblage may be a rough approximation of tectonic
subsidence and sediment compaction.

Reports

None.
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Neogene Paleomagnetic Stratigraphy, Transverse Ranges, California:
Timing and Deformation Rates of Potentially Active Faults

14-08-0001-21901

Shaul Levi
Geophysics, College of Oceanography
Oregon State University
Corvallis, Oregon 97331
(503) 754-2912

Neogene formations are widely exposed in parts of the Transverse Ranges,
in areas undergoing rapid urbanization north and west of Los Angeles. These
formations from oldest to youngest include the Modelo, Towsley, Pico and
Saugus. Our paleomagnetic (PM) investigations of the continental Saugus
Formation, in the East Ventura Basin along the Santa Clara River and
transmission line sections at Castaic Junction, indicate that the Saugus
was deposited mostly in the Matuyama reversed polarity epoch and is younger
than 2.48 Ma (million years). The youngest Saugus exposed in both sections
was deposited during the normal polarity Brunhes epoch and is younger<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>