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Pennsylvania Seismic Monitoring Network
(Northeastern United States Seismic Network)

14-08-0001-17634

Shelton S. Alexander
Professor of Geophysics
The Pennsylvania State University
403 Deike Building
University Park, Pennsylvania 16802
(814) 865-2622

Investigations

The principal objectives of this project are: (1) to establish a regional
seismic network centered in Pennsylvania capable of monitoring local seismic
activity and that in surrounding areas, (2) to collect baseline data on the
spatial and temporal distribution of seismic events, (3) to identify and dis-
tinguish local earthquakes from quarry blasts, (4) to calibrate the region with
regard to travel-time curves, (5) to construct seismicity maps for Pennsylvania
and surrounding areas and relate the patterns to structural features and tectonic
stresses, and (6) to work co-operatively with operators of adjacent networks in
the Northeast to establish overall patterns of seismicity. The long-term aim is
to develop an understanding, now largely lacking, of the state of tectonic stress
in the earth's crust and its relation to the location, magnitude, and source
mechanism of earthquakes likely to occur in the future in this densely populated
part of the eastern United States.

Results

The first eleven stations of the network as shown in Figure 1 have been
installed and are operating with data transmission via telephone telemetry to
the central recording site at Penn State's main campus. All eleven are at or
near a college or university campus and visible recorders are (or will be)
operated at each location by local faculty who have agreed to cooperate.

Table 1 gives the locations of these stations and the local faculty contact.
In addition the stations indicated by asterisks in Table 1 have 3-component
capability, including long period. This strategy of monitoring provides back-
up analog recording and stimulates local public interest in the network
operation. However, because of local high frequency noise levels at several
of the campuses, some of the seismometers are being relocated to more remote,
quieter sites. In order to continue to operate visual recorders at these
campuses, additional single discriminator modules have been added with routing
of the FM signal through the campus recording location as it is telemetered
to the central recording location at University Park. Stations 12 and 13 in
Maryland and West Virginia, respectively, with visible recorders operated by
NASA, have been added to the network as telemetered stations.

Event information is regularly exchanged with operators of adjacent networks
comprising the Northeast U.S. Seismic Network and provided to others upon
request. Four portable systems are kept available for aftershock studies and
special recording of quarry explosions in the region.

1
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We have developed a method for combining regional and teleseismic
observations and for including multiple reference events (quarry explosions)
to improve hypocenter determinations (Baumgardt and Alexander, 1979). It is
especially useful when an event to be located lies outside but near a regional
network.

Figure 2 illustrates the application of this approach as applied to two
small (mp ~ 3.0) events that occurred near Lancaster, PA in 1978. This figure
compares the epicenters from NEIS and NEUSSN network observations and the epi-
centers from intensity observations as reported by Scharnberger, the local
operator of the Millersville (MVL) station. The relative location method was
applied alternatively using event 1, then event 2 (intensity locations) as the
reference event location. The open circles show the results and suggest a
relative location accuracy approaching 1 km using NEUSSN stations. It should
also be noted that only 15 common stations were used, nearly all situated north
of the earthquake epicenters and heavily concentrated in the NE azimuths.

Reports

Baumgardt, D. B. and S. S. Alexander, 1979, Use of Multiple Reference Events
to Locate Regional Events with Combined Regional and Teleseismic Data,
Earthquake Notes, v. 50, No. 3, p. 13.

Table 1

Pennsylvania Seismic Monitoring Network Stations Located
At or Near College or University Campuses

Station Location

Lat Long Elev
No. Campus Site (deg N) (deg W) (m) Local Faculty Contact
3 Beaver, PSU 40.70 80.33 305 Prof. John Ciciarelli
2 Behrend, PSU 42.13 79.98 229 Prof. Eva Tucker
6 DuBois, PSU 41.13 78.75 427 Prof. John Vargas
4 Fayette, PSU 39.93 79.67 335 Prof. Peter Ostrander
5 *Indiana State 40.62 79.06 396 Prof. Fred Park
College
8 *Rutztown State 40.52 75.78 152 Prof. Madin Varma
College
9 Lehigh 40.60 75.37 116 Prof. Ken Kodama
University
7 Millersville 39.98 76.37 104 Prof. Chas. Scharnberger
State College
11 Scranton, PSU 41.43 75.62 287 -~
1  *University Park 40.80 77.87 352 Prof. Shelton Alexander
PSU
10 West Chester 39.95 75.58 128 Prof. Allen Johnson

State College

* Three-component stations
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Figure 1. Map showing locations in the Pennsylvania
Seismic Monitoring Network (triangles) and the epicenters
of previous earthquakes in the region (solid dots). Data
from each network station is transmitted via telephone
line to a central recording site at Penn State's main
campus at State College, Pennsylvania (boxed X in the
center). Numbered stations have been installed (see
Table 1). Un-numbered stations are candidates for

future installations.
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Portable Broadband Seismic System
(Northeastern United States Seismic Network)

14-08-0001-18262

Shelton S. Alexander
Professor of Geophysics
The Pennsylvania State University
403 Deike Building
University Park, Pennsylvania 16802
(814) 865-2622

Investigations

The objective of this project is to assemble two 12-element portable
broad-band digital seismic systems that can be used in a variety of modes to
supplement fixed networks, particularly those comprising the Northeastern
U.S. Seismic Network.

Several types of investigations can be carried out using these systems
to provide important data for interpreting regional earthquake events. These
include: dimproved crustal velocity models established by refraction profiles
with timed quarry blasts as sources and a conventional source-receiver linear
geometry; identification of crustal phases at different distances from quarry
explosions by deploying the portable stations configured as one or more local
arrays and measuring apparent velocities of each distinct arrival in the
wavetrain (this approach could be applied for refractions, wide angle
reflections, and surface waves); measurement of lateral variations in average
crustal properties by measuring P and S wave delay times through the crust
from teleseismic events (because the broad-band seismometers can operate as
either vertical or horizontal instruments, S-wave arrivals could be enhanced
and their delay times more accurately determined); correlation of crustal
refraction arrivals with available crustal reflection data from petroleum
exploration or COCORP profiles; average crustal structure from observed
fundamental and higher mode surface wave dispersion using tripartite (or
multipartite) arrays that may profitably include one or more 3-component
stations; determination of attenuation rates for various crustal phases; and
spectral variations among crustal arrivals as observed at different distances.
These types of applications are relevant to understanding regional seismic
activity because they can significantly improve our ability to locate local
earthquakes and determine their source mechanisms.

Another important application is to monitor for aftershocks near the
epicenters of regional earthquakes. Such a local monitoring capability should
improve the location, depth and fault-plane estimates made from the fixed
network data alone and provide much-needed data on the magnitude vs frequency
of occurrence for aftershocks of crustal earthquakes in the eastern United
States.

Another useful application is to test the effects of various possible
modifications in the fixed network configuration by deploying stations to
alternate desired locations.
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The field systems being developed are versatile enough to be used for
all of the applications cited earlier. The key characteristics are: port-
ability; broad-band (.05-100 Hz) stable seismometers that can operate
interchangeably in the vertical or horizontal mode; field digital recording
capability and accurate timing adequate for both short time (expanded scale)
recording and continuous operation for the order of days; FM radio telemetry
from individual sensors to local central field recorders or to interfaces
with telephone telemetry to a distant central recording location.

Results

The first 12-element system is nearing completion, and after laboratory
and field tests will be ready for use by mid-1980. The second system will
be completed approximately two months later. The central field recording
facility consists of: a PDP-1103 minicomputer with 32K of core, a dual
floppy disk system, 12 A-D channels, a 800/1600 bpi magnetic tape unit, and
scope and hard-copy display. The supporting software (mainly FORTRAN) being
developed will provide the user a variety of modes for digital data acqui-
sition ranging from continuous sampling of all or any of the 12 channels to
event detection on any desired set of the 12 channels. Data analysis can also
be carried out when data acquisition activities permit. Input (analog) data
can be from user-supplied seismometers and telemetry or from the broad-band
seismometers that will be available with the system.
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Revision and Studies of Modified Mercalli Intensity Scale
9950-02145

S. T. Algermissen
Branch of Farthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4014

Investigations

1. Work continues on review of the entire U.S. earthquake catalogue for
larger events (I >V) and revision and (or) preparation of isoseismal maps.
Work on this project has been coordinated with and supported a project in
the Branch of Global Seismology aimed at the preparation of seismicity maps
for all 50 states.

2. Attention has been focused on a careful investigation of the distribution
of intensity for larger earthquakes of the Mississippi Valley and the eastern
United States (Ioz VI) with the aim of: (a) developing attenuation relations
for each area; and (b) identifying areas of anomalously high or low intensity
attenuation.

3. A field investigation of the effects of the Imperial Valley, California
earthquake of October 15, 1979 was undertaken.

Results

1. 1In cooperation with Project 9920-01222 in the Branch of Global Seismology,
two additional State seismicity maps have been issued as MF maps (Kentucky and
Arkansas). A computer program has been developed that makes it possible to
develop a maximum intensity map or the intensity history (distribution of
intensity) of any region of the country (or the entire country). The program
distributes the intensities associated with any earthquake into a square grid
10 km on a side. If any area has experienced repeated earthquake activity,
the entire intensity history of each 100 km“ area can be recovered. Thus,
maximum observed intensity maps, maps of the frequency of occurrence of any
particular level of intensity and similar maps are relatively easy to prepare.
The data preparation required is the digitization of available isoseismal maps
(or maps developed in this project). For earthquakes for which insufficient
data are available to prepare a map, synthetic isoseismal maps can be prepared
using other well documented earthquakes in the area. The following table gives
the status of intensity map review and development in this project.
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Status of Intensity Maps

Reviewed and Nearing Completion Need Additional Totals
contoured* (2-3 months) work (3-12 months)
Eastern U.S. 25 16 8 49
Midwest 53 9 17 79
Western Mountain
Region 38 8 3 49
Pacific Northwest 8 2 4 14
California 24 many available 24+

-review not complete-
*42 of these maps have been digitized

Technical review of a U.S.G.S. Open-File Report "An Evaluation of the Effects
of the October 31, 1895, Charleston, Missouri Earthquake' by Margaret Hopper
and S. T. Algermissen is complete and awaits Director's approval. Another
Open-File Report '"Potential for Liquefaction, Slumping and Landsliding in the
Puget Sound, Washington Area" by Margaret Hopper is in technical review.

2. As previously reported, intensity attenuation relations have been developed
for the midwest. Eastern isoseismal maps are now being investigated with regard
to the best manner of representing the attenuation. Isoseismal maps, particularly
for Saint Lawrence Valley earthquakes are very irregular in shape. The larger
eastern earthquakes, however, do confirm the regional attenuation anomalies

found from studies of the large Mississippi Valley earthquake.

3. A comprehensive investigation of the distribution of damage resulting from
the Imperial Valley, California earthquake of October 15, 1979 was completed.
Special attention was given to the evaluation of Modified Mercalli intensity

in the vicinity of 22 strong motion accelerograph sites in the macroseismic
area. It was found that the felt area of the earthquake was almost identical
with the felt area of the 1940 earthquake of about the same magnitude on the
same fault but the area severely shaken (MM>VII) was much larger in 1940 than in
1979. There are a number of other important results from the intensity investi-
gation, several of which are believed to be related to the difference in duration
of strong shaking in the 1940 and 1979 earthquakes. Preliminary results are
being published in a forthcoming U.S.G.S. Professional Paper. A study of the MM
intensities at accelerograph sites is being prepared for submission to the
Bulletin of the Seismological Society of America.

Reports

Algermissen, S. T., Steinbrugge, K. V., Reagor, B. G., Stover, C. W., Hopper,
M. G., and Barnhard, L. M., 1980, The Imperial Valley, California
Earthquake of October 15, 1979: Distribution of Intensity and Damage,
Earthquake Notes, vol. 50, no. 4, p. 35 (abstract).
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Stover, C., Reagor, G., and Algermissen, S. T., 1979, Seismicity maps of the
State of Kentucky, U.S. Geological Survey, MF-1144.

1979, Seismicity maps of the State of Arkansas, U.S. Geological Survey,
MF-1154.

Reagor, B. G., Stover, C. W., Algermissen, S. T., Steinbrugge, K. V., Hubrak,
P., Hopper, M. G., and Barnhard, L. M., 1980, Preliminary evaluation of
the distribution of intensity, in The Imperial Valley Earthquake of
October 15, 1979, U.S.G.S. Professional Paper (in press).
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Southern California Seismic Arrays

Contract No. 14-08-0001-16719

Clarence R. Allen
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (213-795-6811)

This semi-annual report summary covers the six-month period from
1 October 1979 to 31 March 1980. The contract's purpose is the partial
support of the seismological arrays of the joint USGS-Caltech SCARLET
(Southern California Array for Research on Local Earthquakes and Teleseisms),
which is also supported by other groups, as well as by direct USGS funding
through its own employees at Caltech. According to the contract, the
primary visible product will be a joint USGS-Caltech catalog of earthquakes
in the Southern California region, to be issued on a yearly basis, although
quarterly epicenter maps and preliminary catalogs are also required.
Figure 1 shows preliminary epicenters of all events exceeding magnitude
2.9 that were detected and located by SCARLET during the six-month period.
Because of the unusual load of the Imperial Valley earthquakes of October
1979, smaller events during the latter part of the six-month period have not
as yet been timed and located, nor is this required at this time by the
contract.

Some of the seismic highlights in the Southern California region
during the six-month reporting period are as follows:

Number of located events through 1-12-80: 3,118

Estimated number of events to be located for 6-month period: 4,900

Number of earthquakes of M = 3.0 and above: 487

Number of earthquakes of M = 4.0 and above: 51, data for which were
immediately transmitted by telephone to interested agencies,
according to pre-—arranged procedures.

Number of earthquakes of M = 5.0 and above: 6

Number of earthquakes of M = 6.0 and above: 1

Largest earthquake: M = 6.6 (10-15-79, near Calexico)

Certainly the most important seismic event during the reporting
period was the M = 6.6 Imperial Valley earthquake of 15 October 1979, which
was the largest earthquake in southern California since the Kern County
earthquake of 1952. Almost all seismic stations worked well throughout
the sequence, and the area was densely instrumented. A wealth of information
has been obtained. Preliminary seismic data have been summarized by Johnson
and Hutton (in press), and Figure 2 shows preliminary epicenters for the
first 15 days. An unusual aspect of the sequence is that the main shock
(star in Fig. 2) lies in an area almost devoid of aftershocks, most of which
occurred north of the area of faulting during the main shock. A number of
scientific and engineering publications have already resulted from this
earthquake, which will assuredly be the subject of intensive study for
years to come.

10
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Seismic activity remained high in the Mammoth Lakes area during the
reporting period, with 9 shocks of magnitude 4.0 and greater, and at least
14 reported as felt. Also significant was a magnitude 5.3 earthquake on
25 February 1980 near the trifurcation of the San Jacinto fault south of
Palm Springs. Reconnaissance field investigations by Caltech and CDMG
members failed to find evidence of surficial fault displacement. Subsequent
to the 15 October 1979 Imperial Valley earthquake, a number of small and
moderate shocks (to M = 3.3) have been occurring along the southward projection
of the San Andreas fault southeast of Niland. These are intriguing not only
because they represent the first known aligned activity along this trend,
but also because they lie at the southeastern end of the continuing
pronounced seismic gap along this segment of the San Andreas fault -- a gap
that extends 100 km northwest to San Gorgonio Pass. As part of another
project, two continuously recording creepmeters are now being installed along
this fault segment.

The joint seismic network now comprises 139 individual statiomns,
134 of which telemeter signals to Caltech. The actual number of telemetered
signals is 154, inasmuch as several stations have more than one instrument
sending data. No new stations were added during the reporting period.

No final yearly catalogs were published during the reporting period,
but the 1978 catalog is almost ready for printing. Data for the 1975 and
1976 catalogs were received from the USGS shortly after the end of the
reporting period, and these catalogs will be published as soon as data
from Caltech and the USGS can be collated.

PUBLICATIONS

Hill, R. L., Pechmann, J. C., Treiman, J. A., McMillan, J. R., Given, J. W.,
and Ebel, J. E., 1980, Geologic study of the Homestead Valley earthquake
swarm of March 15, 1979: California Geology, v. 33, p. 60-67.

Hutton, L. K., Allen, C. R., Blanchard, A. C., Fisher, S. A., German, P. T.,
Given, D. D., Johnson, C. E., Lamanuzzi, V. D., Reed, B. A., and Richter,
K. J., 1980, Southern California Array for Research on Local Earthquakes
and Teleseisms (SCARLET), Caltech-USGS monthly preliminary epicenters
for July 1979 through September 1979: Pasadena, California Institute of
Technology, 19 p.

Hutton, L. K., Johnson, C. E., Pechmann, J. C., Ebel, J. E., Given, J. W.,
Cole, D. M., and German, P. T., 1980, Epicentral locations for the
Homestead Valley earthquake sequence, March 15, 1979: California Geology,
v. 33, p. 110-114,

Johnson, C. E., and Hutton, L. K., in press, The 15 October 1979 Imperial

Valley earthquake: a study of aftershocks and prior seismicity: U. S.
Geol. Survey Prof. Paper.

11
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Fig. l.--Epicenters of 487 earthquakes of M = 3.0 and greater that occurred
between 1 October 1979 and 31 March 1980 in the southern California region.
The great majority of these occurred as aftershocks of the M = 6.6 Imperial
Valley earthquake of 15 October 1979.
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31 October 1979.

Map prepared with the help of C. E. Johnson.
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Very Long Period Seismic Studies In The U.S.S.R.
USDI 14-08-0001-18328

Jonathan Berger and Freeman Gilbert

Institute of Geophysics & Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093

(714) 452-2889 & 452-2470

Under the US/USSR '"Agreement on Cooperation in the Field of
Environmental Protection" we operate two very long period seismic
stations which we installed in the Soviet Union. The stations are
located in the very seismic region of central Asia and near the
Kamchatka-Kermadec seismic zone. The data from these stations are
being used to study: variations in the long period spectral content
of local earthquakes, possibly premonitory to large events; temporal
changes in tidal admittances associated with changes in local elastic
properties; and properties of tsunamigenic earthquakes.

14



H1

NATIONAL DIGITAL SEISMOGRAPH NETWORK (NDSN)
9920-02497 . |

Howell M. Butler
Branch of Global Seismology
U. S. Geological Survey
Albuquerque Seismological Laboratory
Building 10010, Kirtland AFB-East
Albuquerque, New Mexico 87115
(505) 844-4637

Investigations

1. The purpose of this project is to establish wideband digital seismo-
graph stations across the United States to demonstrate the capability of
such stations and the quality and value of the data.

2. Due to the extended target date of having the telemetry software
available for the Jamestown location, it has been decided to install a
local DWWSSN system and telemeter the data to Berkeley and Menlo Park at
a later date. The system has been fabricated and is now in final stage
of testing. Installation is scheduled for the first week of June.

3. Installation of the Longmire DWWSSN system is planned to begin
April 10. It is most important that at least two systems be installed

as soon as possible for field testing, but because of the resignation of
the contract personnel who had been trained for the DWWSSN program, it

is planned that Bob Hutt will install Longmire and Jamestown. The re-
maining three stations listed under this agreement will be installed
next fiscal year after technicians have been trained on a new maintenance
contract which will become effective October 1, 1980.

Goals

1. Install digital recording seismographs at NAS/NRC committee selected
stations in the United States.

2. Modify equipment to telemeter data from remote areas to a central
recording location at other than committee selected stationms.

15
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Reanalysis of Instrumentally-Recorded U.S. Earthquakes
9920-01901

J. W. Dewey
Branch of Global Seismology
U. S. Geological Survey
Denver Federal Center, MS 967
Denver, CO 80225
(303) 234-4041

Investigations

1. Relocate instrumentally-recorded U.S. earthquakes using the method of
joint hypocenter determination (JHD) or the master event method, using
subsidiary phases (Pg, S, Lg) in addition to first-arriving P-waves, using
regional travel-time tables, and expressing the uncertainty of the computed
hypocenter in terms of confidence ellipsoids on the hypocentral coordinates.

2. Evaluate the implications of the revised epicenters on regional tectonics
and seismic risk.

Results

1. J. Dewey has relocated the aftershock sequence of the Dulce, New Mexico,
earthquake of January 23, 1966, as part of a study of that earthquake being
conducted with R. B. Herrmann and S. K. Park of Saint Louis University. The
focal mechanism of the earthquake determined by Herrmann and Park and the
relocated epicenters point to the main shock having occurred as additional
movement on one of a family of NNW striking normal faults that had their
maximum activity in Miocene time. The distribution of aftershock epicenters
suggests that the main shock triggered aftershock activity on adjacent
faults.

2. D. Gordon has read WWSSN seismograms and entered travel-time data into
the computer for 150 instrumentally-recorded earthquakes occurring in the
central U.S. between 85°W and 105°W.

3. J. Dewey and D. Gordon are completing '"mopping up' operations on the
catalog of instrumentally recorded earthquakes in the U.S. and adjacent
Canada east of 85°W. These operations have included relocation of 25 shocks
not previously located that occurred before 1964 and were not listed in the
Hypocenter Data File of the U.S.G.S. The format of uncertainty estimates on
hypocentral parameters was changed to give uncertainty in terms of a three-
dimensional confidence ellipsoid rather than two-dimensional confidence
ellipses on pairs of hypocentral parameters.

16
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Enhancement of Data Acquisition in the New
Madrid Seismic Zone
14-08-0001-16794
R.B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
St. Louis, MO 63103
(314) 658-3120

Goals

Improve detection of microearthquakes in the New Madrid Seismic Zone
by the addition of sixteen new seismograph stations.

Install three three-component digital accelerographs to obtain strong
motion records from small events.

Major Accomplishments

Digital accelerographs were installed at Marston, MO, within 500 meters
of the Marston SMA-1, at Gratio, TN, within 1000 meters of the GRT
seismograph station. Negotiations with the Corps of ENgineers are
underway for the installation of the third digital accelerograph at
Lake Woppapello, MO

The seismic array is providing useful data, even though the remaining
stations will be installed during spring, 1980.

Investigations

The present effort is only an augmentation of equipment. Research
studies utilizing the data acquired is being performed under Contract
14-08-0001-16708, "Earthquake Hazard Studies in Southeast Missouri."

17
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PROJECT TITLE: A Study of Earthquake Prediction and
the Tectonics of the Northeastern
Caribbean: a Continuing Experiment
in Two Major Seismic Gaps

CONTRACT NUMBER: USGS-14-08-0001-16748
PRINCIPAL INVESTIGATORS: A.L. Kafka, W,R. McCann, L.R. Sykes
INSTITUTION: The Trustees of Columbia University

in the City of New York

Lamont-Doherty Geological Observatory
TELEPHONE NUMBER: 914-359-2900

Status of the Seismic Network

The network continues in good working order. The Digital Event
Recording System is operational and running well. This recording system is
presently being operated with analog triggers, however, these analog
triggers will be replaced with the digital trigger system as soon as
technically possible.

Significant Observations from On-Going Research

An intensive study of microearthquakes occurring in the region 18.7°N
to 19.5°N and 64°W to 65.2°W during the period February 1977 through May
1979 indicates that the downgoing seismic zone dips southward and 1is
continuous from a depth of v 10 km to at least 70 km and perhaps as deep as
130 km. These events were relocated using a new velocity model derived
from the inversion of P-wave arrival times of 30 well-chosen events.

In mid-May 1976 the network recorded a sudden increase of seismic
activity in the region near 19.1°N, 64.9°W. The number of events recorded
at SJV jumped from a few events per day to several hundred events per day.
This increase in activity was swarm-like in nature, and the swarm events
were probably of shallow depth (v 15 km or less). Another large swarm
occurred in June of 1976 in the region near 19.1°N, 64.5°W. In contrast to
the earlier swarm these events occurred at depths of 30 to 45 km. The
depths and locations of the June 1976 events indicate that they occurred
within the descending oceanic lithosphere, whereas the events in May
appear to have occurred on or near the zone of contact between the two
plates.

A large earthquake (M_ = 7.2) occurred in the northern Lesser
Antilles on October 8, 1974.  Aftershocks of this event were recorded by
research teams from L-DGO and USGS, and by the permanent local network
operated by the University of the West Indies. Most of the more accurately
located events lie on a NE striking plane that dips to the SE. The
distribution of the aftershocks constrains the fault plane solution of the
main shock derived from body-wave first motions. The shallowness of these
events (10 to 40 km) and the general fault motion indicate that these
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events are not associated with underthrusting of the oceanic slab, but
rather with intraplate tectonics of the island arc itself.

We are presently conducting a study of the source parameters of micro-
earthquakes using digital seismograms recorded by the network. The major
emphasis of this study so far has been the examination of the pulse shapes
and amplitude spectra of earthquakes in the region of the network. This
investigation has crucial applications to both the earthquake prediction
effort and to seismic source theory. 1In particular we are studying the
temporal variability of the P-waveform during swarms. The variations in
the waveforms of microearthquakes may be useful as precursors to larger
shocks. The Semi-Annual Technical Report describes some preliminary
findings to illustrate how we presently utilize the digital data set and
our future intentions.

Earthquakes located in the northern Lesser Antilles region indicate a
downgoing seismic zone of intermediate depth shocks dipping to the south-
west at depths between 50 and 150 km. The transition between this zone and
the above mentioned southward dipping zone between 64°W and 66°W occurs
over a distance of about 100 km, between the Virgin Islands platform and
the platform of the island of St. Martin. We have located events as deep
as 66 km in this transition zone, indicating that a subducted slab may
exist beneath it, although its configuration is as yet unresolvable.
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A Field Study of Earthquake Prediction Methods
in the Central Aleutian Islands

14-08-0001-16716

C. Kisslinger
S. Billington
Cooperative Institute for Research in Environmental Sciences
University of Colorado, Campus Box 449
Boulder, CO 80309
(303) 492-8028

Investigations and Results

To search for possible variations in the mechanism of small earthquakes
preceding the M, 6.7 earthquake of November 4, 1977, a method has been
developed to objectively composite, by computer, P-wave first motions from
events occurring with a small source region. The data are routinely
recorded clear first motions (an average of six per earthquake) at stations
of the Adak network. About 350 shallow focus earthquakes with m, 8reater
than about 2.7 which occurred from August 1974 through June 1978 in a
region of roughly 4500 km? surrounding the main shock were considered.
Although the coverage of the focal sphere for these earthquakes by the Adak
network is not complete enough to permit the determination of dbsolute
focal mechanism solutions, the method does distinguish between moderately
different mechanisms. The most common is a thrust mechanism (characterized
by strictly dilatational P-wave first motions at the local network), in
which the strike of the nodal planes is roughly northeast; this mechanism
is consistent with teleseismically determined mechanisms of larger thrust
earthquakes in the central Aleutians. However, in the immediate vicinity
of the hypocenter of the main shock and starting about 10 1/2 months before
the main shock, the mechanisms of small earthquakes changed. The
"precursory" mechanisms can be interpreted as thrust mechanisms
(characterized by a mixture of compressional and dilatational first motions
at the local stations) in which the strikes of the nodal planes are rotated
clockwise by several tens of degress with respect to the typical mechanism.
This change in mechanism coincides approximately in space and time with an
increase in rate of occurrence of small magnitude earthquakes before the
main shock, and also coincides in space (within the resolution of the
method) to the eventual rupture area of the main shock.

A teleseismic solution for the focal mechanism of the earthquake of
November Y4, 1977 has been determined, based on long-period WWNSS recordings
of both P- and S-waves. The solution is for a thrust mechanism similar to
those determined by Stauder for the 1965 Rat Island earthquakes. This
solution also fits many of the smaller events in the same area, as
described in the preceding paragraph. The main shock of November 1977 was
recorded at many teleseismic stations with two clear P-waves and two clear
S-waves. The time separation between the two P-waves and between the two
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S-waves is each about 11 - 12 seconds. This indicates that the event was
really a doublet. The polarity of the second P-wave often appears to be
the reverse of the first polarity.

From 1970 through 1976 a small seismographic network of four stations
spaced at about 2 km was in operation near the Adak Observatory. We are
using the data from this network to investigate the seismicity near Adak
for the four years prior to the installation (in the summer of 1974) of the
present network. Software is currently being debugged to fit a plane wave
front to the relative P-wave arrival times across the small network to
estimate the back azimuths of events. The difference between P- and S-wave
arrival times will be used to estimate the distances to events. This
approach will obviously not provide the epicentral resolution of the
current network, but may allow us to compare the spatial distribution of
seismicity between 1970 - 1974 and 1974 - 1980, and to estimate the size of
the aftershock zone of the 1971 (Mg 7-1) Adak Canyon earthquake.

A study of the coherence, at tidal and secular frequencies, both between
individual shallow-hole bubble-level tiltmeter records of the Adak array
and between the tiltmeter records and meteorological disturbances, has been
completed by C. Meertens as part of a Master's Thesis. The most
interesting comparisons come from two tiltmeters installed a few meters
apart at the "west site". Only digital records from these instruments,
recorded from August 1979 to Febuary 1980, were analyzed in detail. Of the
4350 hours of data analyzed, there are only six hours of data missing, with
no gap in data lasting longer than 1-1/2 hours. The first step in the
analysis was the removal of =zeroing offsets and glitches using cursor
inputs from an interactive graphics terminal. The resulting time series
were then lowpass filtered and decimated into hourly values. Comparison of
these values with meteorological data shows that rainfall continues to
cause the greatest disturbances, though the response of each of the eight
tiltmeters in the array is different. To investigate the coherence between
the tiltmeters of the "west site" at periods of less than a few days, a
cross spectral computation was run over the entire data set and revealed
significant coherence only at tidal frequencies. Only at the M, (12.42 hr)
tidal harmonic was the signal-to-noise ratio great enough to provide
amplitude and phase values that agreed between tiltmeters. To model the M
tide, the theoretical solid earth tide was calculated and found to accoun
for only half of the observed signal. However, by including the effects of
ocean loading, the observed tidal phases and amplitudes are found to match
the predicted values, within the error of the measurements. Despite this
success and the fact that it may be possible to observe an anomalous tilt
lasting from days to weeks during periods of fine weather, tectonic tilts
at periods of days to years are still generally buried under large drift
rates and meterological effects.

Technical Advances

During the summer of 1979, an FM-carrier tape-recording system was
installed at the Adak Observatory to record on analogue magnetic tapes the
data from the fourteen two-component seismic stations, the IRIG-H time
code, and a tape speed compensation frequency. Since then, only the tapes
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containing data from relative large earthquakes have been saved, pending
the implementation of the planned tape reproduce system at CIRES. The
final elements of the reproduce system were installed in the CIRES computer
facility on March 17, 1980, and the first events from Adak magnetic tapes
were detected that evening. The tape reproduce system runs at 4-times-
real-time, and includes a bank of signal discriminators with tape speed
frequency compensation system, and an interface so that the tape reproduce
decks can be controlled by programmed software in a PDP 11/34 computer.
The tape reproduce system was designed and installed by S. T. Morrissey of
St. Louils University. Software developed by S. Malone at the University of
Washington for digitizing and event picking of seismic data in real time is
used on the PDP 11/34 to generate event tapes. These in turn are used as
input, via arrival time picking on an interactive graphics terminal by
project personnel, to our standard hypocenter location program on a PDP
11/70 computer. The total system is still being tested, but we expect to
be relying upon it as our primary means of data acquisition and analysis
within the next two months.

Reports

Frohlich, C., G. V. Latham, J. Lawton, S. Billington, C. Kisslinger, E. R.
Engdahl, A. Malahoff, and J. G. Caldwell, Ocean bottom seismograph
results from the central Aleutian subduction zone (abstr.), EOS,

v. 60, p.878, 1979.

Meertens, C., Analysis of tiltmeter results from the central Aleutians
(abstr.), EOS, v. 60, p. 936, 1979.

Morrissey, S. T., Promising new developments in installation and operation
of shallow borehole tiltmeters (abstr.), EOS, v. 60, p. 935, 1979.
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Microearthquake Data Analysis
9930-01173

W. H. K. Lee
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS-77
Menlo Park, CA 94025
(415) 323-8111, ext. 2630

Investigations

1. The primary focus of this project is the development of state-of-the-art
computation methods for analysis of data fram microearthquake networks.

2. The principal effort during the past six months has been devoted to

a) revising the review paper "Principles and applications of microearthquake
network" by W. H. K. Lee and S. W. Stewart, and b) developing a new
earthquake location program.

Results

1. The first four chapters of "Principles and applications of micro-
earthquake network" have been extensively revised.

2. A new earthquake location program called HYPO80 is being developed.

A version of HYPO80 has been written for a low-priced ($6K) microcamputer
using less than 48K bytes of core storage. A typical earthquake can be
located in about 50 sec. We are now building a hardware floating-point
board for the microcomputer. If it is successful, we can reduce the
computer time to locate an earthquake to a few seconds. Thus it is possible
to process and analyze microearthquake data with a low-priced microcomputer.

Reports
The following papers have been published in the last six months:

Lee, W. H. K., and Brillinger, D. R., 1979, On Chinese earthquake
history—an attempt to model an incomplete data set by point process
analysis: Pure and Applied Geophysics, v. 117, p. 1229-1257.

Lee, W. H. K., and Stewart, S. W., 1979, Microearthquake networks and
earthquake prediction: Earthquake Information Bulletin, v. 11,
no. 6, p. 192-195.

Pereyra, V., Keller, H. B., and Lee, W. H. K., 1980, Camputation methods for
inverse problems in geophysics—inversion of travel-time observations:
Physics of the Earth and Planatory Interior, v. 21, p. 120-125.

Pereyra, V., Lee, W. H. K., and Keller, H. B., 1980, Solving two-point
seismic ray-tracing problems in a heterogeneous medium; Part 1. A
general adaptive finite difference method: Seismological Society of
America Bulletin, v. 70, p. 79-99.
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Seismic Data Library of WWSSN Seismograms
9930-01501

W. H. K. Lee
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS-77
Menlo Park, CA 94025
(415) 323-8111, ext. 2630

This is a nonresearch project, and its main objective is to keep the WWSSN
seismograms up to date and properly filed. Everything is now up to date.
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Stony Brook Seismic Network on Long Island, New York:
Siting and Installation
14-08-0001-17622

Robert C. Liebermann1 and Donald J. Weidner2
Department of Earth and Space Sciences

State University of New York at Stony Brook
Long Island, New York 11794

1(516) 246-6090 2(516) 246-8387

Investigations

This final summary report covers the six-month period from 1 April 1979 to
18 September 1979. The obijective of this contract is to conduct a seismic noise
survey to identify sites on Long Island with low enough background noise to record
local and regional earthauakes and thereby increase the geocaraphical coverage of
the Northeastern U.S. Seismic Network (NEUSSN), and to install two permanent
seismograph stations on these sites.

Results

In the search for suitable sites for the installation of permanent seismic
stations, at least four signals were recorded on portable seismographs that differ
from the background noise by exhibiting distinct wave arrivals and having a different
frequency content (3-6 Hz). Three of these signals have been correlated with known
earthquakes that occurred in the northeastern United States. The signal that was
not recorded by other stations may be a low magnitude (mb<l.5), very local earth-
quake.

Reports

Schlesinger, E., E. Caiati, N. Barstow and A. Kafka, Macroseismic effects
on Long Island, New York from earthquake of 30 January 1979 in New
Jersey, Earthquake Notes, submitted for publication, 1979.

Schlesinger, E., A seismic noise survey of Long Island, New York, 75 pages,
M.S. Thesis, State Universitv of New York at Stony Brook, Auqust, 1979.
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Earthquake and Seismicity Research Using
SCARLET and CEDAR

14-08-0001-18331

J. Bernard Minster and K. C. McNally
Seismological Laboratory, 252-21
California Institute of Technology
Pasadena, California 91125
(213) 795-6811

a) Analysis of the 1932 to 1979 southern California earthquake
catalog reveals a remarkable decrease in seismicity rate at or near
the time of the 1952 Kern County earthquake (1). This event is by far
the largest one (M = 7.7) in the population analyzed. 1In view of the
continuous expansion of the seismic network, such a change cannot be
due to catalog incompleteness. The early magnitudes would have had to
be biased upward by about 0.3 in order to account for the trend. Spot
checks of the magnitude measurement and computation, done at five year
intervals from 1935 to the present, do not support this explanation.
Detailed analysis shows that this regional seismicity drop is in fact
spatially inhomogeneous and is not confined to the area close to the
Kern County earthquake. We find that contour maps of the cumulative
moment release for southern California similar to the strain release
map of Allen et al. (2) permit a convenient display of seismicity
patterns suitable for illustration of spatial and temporal fluctuations.
As an example, Figure 1 shows the cumulative moment release map for
the last decade (1970-80) contoured at order of magnitude intervals.

b) Using data recently available, we have revised our previous
analysis of seismicity along the Middle America trench (3). We find
that seismic slip rates along the Middle America trench do not agree
with rates of plate convergence, assuming uniform slip. Along the
COCO-NOAM plate boundary this discrepancy can be explained by non-
uniformities in slip mechanism at points of aseismic ridge or fracture
zone subduction; it is likely that very large, rate earthquakes occur
in these regions. However, a large and systematic discrepancy between
plate convergence and seismic slip rates along the COCO-CARB boundary
cannot be explained in this fashion. We suggest that significant '
aseismic slip may take place, due perhaps to decoupling and downbending.
The limited statistical evidence available is consistent with a possible
forthcoming episode of more intense seismicity, characterized by larger
events.
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The discrepancy between the average rates of plate convergence
(6.5 cm/yr) and seismic slip (4.66 cm/yr) since 1898 offshore Mexico
can be accounted for with a 370 km long quiet zone; the quiescent
areas near the Orozco F.Z. and Tehuantepec Ridge total about 275 km in
length. Currently there exists an additional time dependent deficiency
of about 140 cm in seismic slip offshore Mexico, relative to the long
term average of 4.66 cm/yr. Considering both spatial and temporal
deficiencies in seismic slip, we expect a future episode of high seismic
activity. Based on a series of comparisons with carefully delineated
aftershock zones, we conclude that the zones of anomalous seismic
activity can be identified by systematic, automated analysis of the
worldwide earthquake catalog (M > 4.5) with a resolution of ~100 km.

c¢) In laterally homogeneous crust-upper mantle structures, the
short period Lg phase can be explained in terms of normal mode super-
position. Overtones of either Love or Rayleigh type exhibit very close
group velocity curves near 3.2-3.5 km/s, generating the impulsive wave-
packet Lg; phase velocity curves, on the other hand, are well distinct
at periods greater than 2 s for a wide range of realistic crustal models.
This suggests the use of wave-number analysis techniques to isolate
different overtones from seismograms observed on arrays of stations. We
show on a synthetic example that a 500 km long linear array of 12 stations
allows us to isolate the different modes at periods of a few seconds, by
using the UC diagram technique which Cara (1978) successfully applied
to the S_ phase at longer periods. Rayleigh~type Lg propagating in a
laterall? homogeneous continental crust can be synthesized by adding only
a few overtones at periods greater than 2 seconds. It is shown that
wave-number analysis of Lg recorded on a several hundred kilometers long
linear array of ten stations should allow us to isolate the different
overtones, providing a tool to study both crustal structure and
excitation of the overtones at the source. Preliminary investigations
using synthetic Lg computed for simple crustal models indicate that
SCARLET provides a good opportunity to apply such analysis. Current
investigations include addition of "true", recorded seismic noise along
an actual profile in southern California (4).

References

(1) J. B. Minster, L. K. Hutton, and C. E. Johnson, Seismicity Trends in
Southern California, in preparation.

(2) C. R. Allen, P. St. Amand, C. F. Richter, and J. M. Nordquist, 1965,
Relationship between seismicity and geologic structure in the
Southern California region, Bull. Seismo. Soc. Am., 55, 753.

(3) K. McNally and J. B. Minster, Non-uniform seismic slip rates along
the Middle America trench, submitted.

(4) M. Cara, and J. B. Minster, Multimode analysis of Lg using CEDAR
data, in preparation.
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NDSN DESIGN STUDIES
9920-02143

Jon Peterson
Branch of Global Seismology
U. S. Geological Survey
Building 10002, Kirtland AFB-East
Albuquerque, New Mexico 87115
(505) 844-4637

Goals
Develop a concept and design for a wideband, large dynamic range

seismograph system that may be used in the proposed National Digital
Seismograph Network.

Investigations

Develop a triaxial seismograph system that will produce data in the
frequency band from .01 to 10 Hz and operate over an amplitude range
from ambient earth noise at a quiet site to an acceleration of 0.1 g;
test the concepts in the laboratory; construct and test an engineering
model using off-the-shelf hardware if possible to achieve economy.

Results

Preliminary studies indicate that two types of seismometers will be
required operating over the same frequency band but in different
amplitude ranges. Three separate amplitude levels will be recorded

to insure adequate overlap. The most sensitive recording will be
split into two bands (short- and long-period) to prevent saturation
by microseisms. Mid-gain and low-gain recording will cover the entire
frequency band. Modified conventional long-period seismometers and
force-balance accelerometers are the two types of instruments consi-
dered most appropriate for this study and prospective models have been
selected and ordered.
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"Analysis of 01d Duplex-Pendulum and
Weichert Seismograms
of Larde and Moderate Earthquakes
in Western Nevada"

Contract No.:
USDI 14-08-0001-18291

by
Keith F. Priestley

University of California, San Diego
Scripps Institution of Oceanoaraphy
Institute of Geophysics and Planetary Physics
La Jolla, California 92093

(714) 452-2590

Investigations:

During the period July 1, 1979 to December 31, 1979, we have
collected instrumental seismic data available for the Reno-Carson City
area prior to the mid-1950's. Ryall (1977) has shown this to be an
area of high seisimicity with no historical record of a major earthquake.
Adequate seismic coverage in the Reno-Carson City area has only been
recently attained. However, current seismic patterns may not be
completely representative of the longer term seismic trends. The goal
of this research is to study the historic seismic record to better
assess the long term seismic trends of the Western Great Basin.
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Results:

We have collected seismograms from a number of North American
stations to carry out the proposed research. Seismic moments are being
calculated for the larger Western Great Basin earthquakes from the
observed surface waves by comparing them with synthetic surface waves
computed using Harkrider's theoretical surface wave program. Seven
moderate earthquakes occurring in the Reno-Carson City area from 1941 to
1953 are being relocated. To relocate these events, we have chosen
recent well recorded events whose locations are in close proximity to
those of the older events. These are used as master events in
relocating the older events using the Joint Hypocenter Routine of
Jim Dewey.
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EARTHQUAKE HAZARD AND PREDICTION
IN NORTHWEST MEXICO AND CALIFORNIA/MEXICO BORDER

Contract No.: 14-08-0001-18216

Michael Reichle and James N. Brune
University of California, San Dieao
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
La Jolla, California 92093

(714)452-2890

I. Northern Baja California Digital Telemeterina Seismic Network

Progress in the preparation of equipment for installation of the array
has been slow, primarily due to late delivery of some key components. A test
telemetry line is operating between the observatory at San Pedro Martir
and Ensenada. If this proves successful and when the wideband UHF components
are delivered in December, we will start installation of the array. (A rough,
snowy winter at San Pedro Martir could delay final operation until early
spring. This is a critical receiving site for most stations.) Three temporary
stations are in operation along the Northern Baja California coast ranges. One
drum and two digital cassette recorders are providing information on background
seismicity levels and locations of laraer (m 2 3) events. Data from these
temporary stations and from the telemetering array, when installed, is
incorporated into the CICESE (Centro de Investigacidn Cientifica y Educacion
Superior de Ensenada) monthly bulletin.

IT. Special Studies

An important part of the study of Morthern Baja California seismicity,
and its relation with that of Southern California is the examination of the
historical seismicity -- especially in terms of seismicity patterns and any
seismic gaps. Several special studies have been undertaken to expand our under-
standing of the Northern Baja California seismicity. A relocation of large
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historical events by Alena Leeds (M.S. Thesis) is beina extended and completed
by R. Simons of IGPP. A lenathy earthauake swarm (December 1975 - June

1976, several m ~ 5) which occurred near Laguna Salada is being studied

with CIT and the then existing Northern Baja California station data. Since
this swarm did not occur along the most active brancnes of the Plate boundary
(the Imperial - Cerro Prieto faults), it may proyide insight into the

transfer of seismicity from the Gulf of California system to the various
Southern California faults.

Following the Mexicali earthquake of 15 October 1979, portable seismic
recorders were deployed southof the border, to insure control in the location
of the southernmost aftershocks. The data covers aporoximately one month
following the mainshock. It is being analyzed at CICESE and will be included
in their bulletins. ‘
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EARTHQUAKE PREDICTION STUDIES IN PAKISTAN
USGS 14-08-0001-16749
Leonardo Seeber and Klaus Jacob

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

INVESTIGATIONS

The continental convergence zone of the Himalaya and the Chaman trans-
form zone are studied primarily from local seismic network data and from
teleseismie and historic intensity data.

RESULTS

In a model of the active tectonics of the Himalayan convergence zone, we
subdivide the Himalayan thrust into a shallow dipping Detachment, the portion of
the thrust between the subducting Indian shield and the sedimentary wedge, and a
Basement Thrust, the portion of the thrust between subducting shield and the
overriding Tethyan slab. The great Himalayan earthquakes occur on the
Detachment which appears aseismic otherwise, whereas the intermediate and
smaller magnitude thrust earthquakes occur along-a narrow belt just down-dip of
the Basement Thrust Front (BTF), the boundary between the Detachment and the
Basement Thrust. Local network data and modeling of teleseismic P and S waves
show that these basement thrust earthquakes range in depth between 12 and 20 km
and delineate a thrust fault dipping from 20 to 30°. Downdip of this narrow seismie
belt the Basement Thrust appears to be aseismic. In these characteristics,
continental subduction in the Himalaya resembles closely oceanic subduction zones
with wide acecretionary wedges as the zone that ruptured in the great 1964 Alaska
earthquake,

The BTF corresponds closely with the very pronounced topographic "step"
between the High and the Lesser Himalaya and with a small circle of 1700 km
radius, along the central 1600 km of the Himalayan are. Along the extremity of
the arc, the BTF and topographic step deviate from the small circle but remain
closely associated. At the western syntaxis the BTF and the topographic step is
traced straight through the hairpin bend of the surface structures and extends
beyond into the Hazara arc for at least 100 km. The Hazara arc is then part of the
Himalayan front. The very extensive Detachment under the Hazara thrust-fold
belt coincides with a thick Infracambrian evaporite layer and the unusual features
of this belt, including the Salt range and the syntaxis, are aseribed to weak
detachment coupling. Weak vs. strong detachment coupling (e.g. salt vs. no salt)
are found to be important factors in shaping other thrust-fold belts such as the
Appalachians.

Seismie hazard is highest in the sedimentary zone above the Himalayan
Detachment, especially in the highly populated flood plains. This hazard is easily
underestimated during the aseismic interseismic periods. In Hazara the
Detachment may slip aseismically.
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A good understanding of the tectonics and seismic potential along the
Himalayan Detachment can serve as a guide to estimate the hazard along similar
active structures. Moreover, long range forecasting of the great detachment
earthquakes may be possible if the configuration of the great ruptures can be
deduced from the data in light of our tectonic model.

Local network data and teleseismic data from the Chaman continental
transform zone indicates:

1. Recent intermediate and low magnitude earthquakes occur mostly on the
faults which were probably associated with the four known major earthquakes
in this area (1892, 1931, 1931, 1935) but they are concentrated near the
inferred ends of these major ruptures.

2. A composite fault plane solution of activity on the 1935 Quetta earthquake
fault shows left-lateral slip.

3. The Chaman fault-zone south of the 1892 break (30.3°N) is a series of
subparallel left-lateral strike-slip faults which include the Quetta fault.
Seismicity in this section is high, but it does not include any major event
(M >7.5) and is characterized by low stress drops. A comparison between
this section of the Chaman fault system and the San Andreas fault system
south of the big bend is suggested.

4, A recent abrupt increase in seismieity along the Chaman fault south of the
1892 break (30.3°N) warrants careful consideration as a premonitory signal.

5. The maximum hypocentral depths from network data range from 15 km west
of Quetta to 50 km near the axis of the Sibi reentrant east of Quetta
suggesting a similar thickening of the crust from west to east.

REPORTS

Armbruster, J., L. Seeber, and K.H. Jacob (1978). The northwestern termination of
the Himalayan mountain front: Active tectonics from microearthquakes,
Jour. Geophys. Res., 83 (B1), 269-282.

Armbruster, J., L. Seeber, R. Quittmeyer, and A. Farah (1980). Seismie network
data from Quetta, Pakistan: The Chaman fault and the fault related to the
30 May 1935 earthquake, in Proe. Geodynamic Conf., Peshawar, November
1979.

Gornitz, V., and L. Seeber (1980). Morphotectonic analysis of the Hazara are
region of the Himalayas, N. Pakistan - NW India, to be submitted to
Tectonophysies.

Quittmeyer, R.C., and K.H. Jacob (1979). Historical and modern seismicity in
Pakistan, Afghanistan, Northwest India, and Southeast Iran, Bull. Seism. Soc.
Amer., June 1979.
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Figure 4 . The southern Appalachians, a continental collision structure now inactive,
and the active oceanic subduction structure in the Gulf of Alaska are compared to the
Himalayan continental subduction structure. The Alaskan section 18 a superposition of
data from the great 1964 earthquake (Mg = 8.4); the filled hypocenters are 1964 after-
shocks redrawn from Plafker (1965) with slight changes and hypocentral data from a
local network cbtained in the interseismic period (April-June, 1972; Lahr et al.,
1974). The Southern Appalachian section is deduced from recent deep seismic reflec-
tion results (COCORP; from Cook et al., 1979). In the Himalayan section the arrows
associated with the great earthquakes (1905, Mg = 8.0 and 1934, Mg = 8.3) indicate

the respective extent of intensity > VIII which we correlate with the extent of rup-
ture. Yote that the 3great earthquakes are associated with the Jetachment in both
oceanic and continental subduction structures, The four thrust earthquakes in the
Himalayan section between the aseismic thrust and the detachment (the bar through

the hypocenters indicate the dip of the inferred rupture plane; see Figure 4) indicate
the location of the seismically active portion of the thrust. Thrust earthquakes in
oceanic subduction structures are similarly located (cf. Isacks and Barazangi, 1977).
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COOPERATIVE TECTONIC STUDIES FROM A SEISMIC NETWORK IN CENTRAL ITALY
Sponsored by USGS Award No. 14-08-0001-17741
Leonardo Seeber and Christopher Scholz

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

INVESTIGATIONS

The objectives of this project are to study the tectonics and the seismie
hazard in Central Italy primarily using data from the seismic network of the
Instituto Nazionale di Geofisica (ING), in a collaborative effort between the ING
and the Lamont-Doherty Geological Observatory (L-DGO).

RESULTS

Great detachment earthquakes can occur along the Appennine arc. The
African foreland (the Adriatic plate) is overriden by an arc and spreading back-are
(Tyrrhenian basin) system along the Appennines. This interaction is manifested
everywhere along the arc by active underthrusting of the foreland below the
Appennines. This low-angle thrust presumably extends far down-dip below the
Appennines and is similar to the Himalayan detachment. The Himalayan detach-
ment slips by great earthquakes and it appears aseismic during interseismie
periods. The historic record indicate that very large detachment ruptures have
occurred along the Appennines. These ruptures can be expected to occur again.

On September 19, 1979, an intermediate-magnitude event (M =5.2) occurred
near Norcia, slightly northwest of the Anzio-Ancona (A'A in Figure 10) lineament.
The preliminary results about this event from the study of the data from the
seismic network in central Italy operated by the ING are:

1. The fault plane solution of the main event has a primary component of
normal faulting with a NE strike.

2. The distribution of the aftershocks is consistent with a NE striking
rupture.

3. The distribution of seismicity prior to the September 19 earthquake is
dependent in space and time with the 9/19/79 event. The seismicity up
to June 1979 (up to 2 1/2 months prior to the event) clearly suggest the
formation of a "doughnut". The seismiecity in the general area of the
9/19/79 event (4 sec < S-P at MNS < 10 sec) is quite high in August and
the first week of September (average of 1 earthquake with M > 2 every
2 days). This activity is probably higher than the background se:smxclty
in this area. Two weeks before the event the rate of seismic energy
released decreases markedly although the rate of earthquake
occurrences changes little.
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4. The b-value increases significantly from the foreshocks to the after-
shocks. Also a decrease in b-values is detected from the beginning to
the later part of the aftershock sequence. A swarm of 13 events
characterized by low magnitude (M <2.3) occurs between 4 to 1 days
before the main shock. No earthquakes are detected at 18 hours before
the main shoek (Figure 18).

In a comparison between the Appennine and the Himalayan convergent
structures, this earthquake is related to the Tibetan earthquakes. which also exhibit
T axis perpendicular to the convergence direction.

REPORTS
Seeber, L., Final Technical Report, USGS contract 14-08-0001-17741.

Relazione Conjunta Sol Terremoto di Norcia, September 19, 1979, Al Congresso
Geodinamica, Roma, 6-8 Maggio, 1980.
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Figure 1. Seismicity during 1979 prior to the 19 September 1979 Norcia
earthquake. I and II denote the 19/9/79 epicenters as determined by the
U.S.G.S. and the ING, respectively. The fault plane solutions are plotted
on the lower hemisphere, black quadrants have compressional first motion.
The numbered epicenters occurred during the 19 days of September prior to
the Norcia event, the number being the date of occurrence. Note that 2 of
the 5 epicenters in this category occur within the main aftershock zone.

No other epicenters occur in this zone prior to the Norcia event, during
1979 and 1978.
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Earthquake Research and Network Operations
in the Intermountain Seismic Belt--
HWasatch Front
14-08-0001-16725

R. B. Smith and . J. Arabasz*

Department of Geology and Geophysics
University of Utah
Salt Lake City, UT 84112
(801)581-6274

Investigations

1.

1.

Analyses of earthquake data from the 43-station Wasatch Front array,
including closely spaced sub-arrays for detailed studies along the
Wasatch fault.

Estimation of earthquake recurrence intervals from seismic moment rates
in Utah.

Study of attenuation in the Utah region and implications for the ML
magnitude scale in Utah.

Space-time seismicity patterns in the Utah region and the identifica-
tion of a 300-km-Tong seismicity gap in the Intermountain Seismic Belt.

Study of an upper mantle earthquake (depth = 90 km) beneath the Middle
Rocky Mountains in NE Utah.

Further study of crustal flexure associated with normal faulting and
implications for seismicity along the Wasatch Front.

Results

Quarterly bulletins for the Wasatch Front area for the period: July-
December, 1979 include 313 earthquakes (M, =3.1). Earthquake sequences
(M_<3.0) occurred near Manti, Utah.and St%r Point, 40 km east of Manti.
Small-magnitude earthquakes (M| <3.1) continued along the Idaho-Utah
border in Pocatello Valley, Hansel Valley, and Blue Creek Valley; and
in the Bear River Range 10-20 km east of Logan, Utah.

Using available data from fault mapping and dating, moment rates for
regions of Utah were calculated in a manner similar to that of
Anderson (1979). In order to use this technique properly, a moment
vs. M relationship was developed for Utah. The analysis resulted in
the following relationships: 1log Mg = 1.1 M| + 18.56 (least squares
fit to all data) and log Mg = .96 M| + 19.13 (excluding 3 poor data
points). Return rates for the Wasatch Front determined from the

*Semi-Annual Technical Report also includes contributions from D. Doser,
M. Griscom, W. D. Richins, and Dr. G. Zandt.
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geologic data using the Utah M, vs. M relationships agree suprisingly
weli with return rates ca1culaged from historical seismic data (Fig. la).
Also, the geologically predicted recurrence rates of 2.3 to 4.0 per

103 yrs for a 7:M s7.5 earthquake on the Wasatch Front agree with those
predicted by Cluff and others (1979) based on data from trenching along
the Wasatch fault.

Based on seismic intensity and Wood-Anderson amplitude data, a case can
be made for greater attenuation in Utah than that experienced in coastal
California. Of necessity this difference in attenuation must have an
effect on local magnitude determination. Application of newly calcu-
lated corrections for stations beyond 90 km in conjunction with new
estimates for station corrections does not result in a radical change

in calculated magnitude; hence, the magnitudes determined in previous
work are valid magnitudes and may be used for quantitative analysis.
Evernden and Clow (1979) claimed that Utah magnitudes are overestimated
by a full magnitude unit. By assuming that Utah earthquakes are much
shallower than California earthquakes,as done in this work, any possible
overestimation would be emphasized. In fact, no great difference in
magnitudes is evident. If one makes the more common and generally
accepted assumption that focal depths in Utah and California are the
same, the corrections to Richter's -log Ay table becomes greater, indi-
cating Utah magnitudes may be systematically underestimated.

A recent analysis of space-time seismicity in the Utah region (Griscom,
1980; Griscom and Arabasz, 1980) has led to the following, quite unex-
pected finding. There currently is a 300-km-long seismicity gap for
earthquakes of M 3.5 or greater along the main axis of the Intermountain
seismic belt (ISB) between 38.9°N and 41.5°N--that is far more extensive
than the two 70-km-long microseismic gaps alona the Wasatch fault that
lie within it. The data are summarized in Figure 1c. A time plot of
independent mainshocks within the sample area (Fig. 1b) versus latitude
is shown in Figure lc. Events of maximum Modified Mercalli intensity
(Ig) VII or greater, complete since about 1896, are shown as solid
circles; hachured circles indicate shocks of Iy = VI, complete since
about 1938; open circles indicate shocks of I = V, complete since

19505 and X's indicate shocks of Ig = IV or M 23.5, complete since 1962.
The hachured space-time compartment in Figure lc points out that within
a 300 km x 100 km N-S trending zone along the ISB, only one mainshock

of M 3.5 or greater has occurred since 1967 (the M 4.3 Heber City
eartkquake of 1972). And along this same zone, no mainshock of I52VII
(~M 5-1/2) has occurred since 1914. In contrast, the sectors of the ISB
immediately north and south of the 300-km-long gap have shown nearly
uniform seismic flux since the late 19th century, with moderate-size
earthquakes in those sectors occurring roughly every 20-25 years.
(Curiously, -these shocks appear to occur alternately in the north and
south.) The data of Figure lc suggest to us that the segment of the ISB
between 38.9°N and 41.5°N, which includes about 80% of the length of the
Wasatch fault, is anomalous with respect to long-term rates of energy
release. It is a candidate area for future earthquakes of moderate size
--if not for a large earthquake.
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5. On February 24, 1979 (12:43 UTC) an earthquake of M, = 3.8 occurred in
NE Utah. The epicenter (41°43'N, 111°90'W) is within 8 km of Randolf,
Utah; however, there were no felt reports. No foreshocks or aftershocks
were detected. The earthquake is noteworthy because a well-constrained
hypocenter solution placed the event at a depth of 90 km. The focal
mechanism solution for the earthquake indicates a near-horizontal, west-
northwest striking compression axis--consistent with the intraplate
stress field postulated for the North American plate by Sykes and Sbar
(1973), but inconsistent with surface evidence of roughly east-west
extension.

6. Elastic and viscoelastic models of crustal flexure in Utah's Wasatch
Front area predict stress fields which are generally consistent with the
observed pattern of seismicity. The models consist of an elastic or
viscoelastic layer overlying a fluid-like substratum. Normal faulting
that penetrates the entire crust induces isostatic forces which produce
upward flexure of the footwall side of the Wasatch fault--thus uplifting
the Wasatch Mountains. Using a value for the flexural rigidity of 5 x
1022n-m and assuming the end of the layer is constrained at the fauit,
shallow extensional stresses are induced in a 48 to 80 km wide zone
adjacent to the fault. If the end is unconstrained, shallow compres-
sional stresses are induced in a broad area 50 to 100 km wide that peaks
about 24 to 40 km from the main fault. Seismicity patterns as well as
available focal mechanism are consistent with a model in which the East
Cache fault is in a constrained flexure mode; whereas, segments of the
Wasatch fault are in unconstrained flexure. The viscoelastic model
yields more satisfactory predictions for some of the observed parameters
and allows for dissipation of the bending stresses through relaxation
without faulting. The time variation of the bending stresses could have
a significant influence on the episodicity of faulting on the Wasatch
fault.

Reports and Publications

Doser, D. I. and R. B. Smith (1980). Earthquake recurrence intervals from
seismic moment rates in Utah (abstract). Earthquake Notes 50, p. 70.

Griscom, M. aqd W. J. Arabasz (1980). Space-time seismicity patterns in the
Utah region: A 300-km-long seismicity gap in the Intermountain Seismic
Belt (abstract). Earthquake Notes 50, p. 69.

Zandt, G. and W. D. Richins (1980). An upper mantle earthquake beneath the
M1dg;e Rocky Mountains in NE Utah (abstract). Earthquake Notes 50,
p. 69. T
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Seismic Hazard Evaluation of Large H1
Known and Suspected Active Faults
in Western Nevada

Contract 14-08-0001-16741

Malcolm Somerville
Alan Ryall
Seismological Laboratory
University of Nevada, Reno
Reno, NV 89557
(702) 784-4975

Investigations

Investigate the seismic potential and state of activity of large known or
suspected faults in western Nevada; search for changes in regional seismicity
that may indicate an impending major earthquake; analyse the distribution,
magnitude, and mechanisms of earthquakes in the area of interest; continue
analysis of earthquakes in Nevada recorded by the statewide network.

Results
1. Seismicity and Tectonics

Anomalous temporal variations of seismicity along the Sierra Nevada-Great
Basin boundary zone (SNGBZ) have been documented by UNR network analysis. The
burst of moderate-magnitude seismicity that began in September 1978, following
a year-long decrease in seismicity in the southern part of the SNGBZ, continued
through the current reporting period. An outstanding aspect of the 1977-1979
variations is that their extent is regional, rather than local. Four events of
M;, > 5, spaced at intervals of approximately 100 km, have occurred since Sep-
tember 1978. The most recent of these events was the Mj 5.2 Bridgeport
earthquake of October 7, 1979.

The recent seismicity is not representative of Quaternary tectonic activity
along the Sierra front in the sense that most of the events have exhibited pre-
dominantly strike-slip rather than oblique dip-slip mechanisms. While strike-
slip faulting with an E-W axis of minimum compressive stress is consistant with
the regional extension, the maximum compressive stress during the Quaternary
has been intermediate between vertical and horizontal (N-S), rather than hori-
zontal or sub-horizontal as in many of the recent events. A striking aspect of
the recent seismicity is its concentration near the terminations of the major
rangefront faults, which are typically 50 km long, or in zones separating the
rangefront faults, which exhibit a left-stepping geometry. Thus, in terms of
their mechanism and disposition in relation to the major active faults, the
recent earthquakes are not typical of Quaternary tectonic activity. However,
the recent seismicity may be preparatory to large-magnitude seismicity on one
or more of the major rangefront faults.
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In this framework the earthquake swarm near Mammoth Lakes is of particular
interest, since mechanisms determined for some of the events exhibit a NNW-
striking, east-dipping focal plane consistent with rangefront faulting. The
Mammoth Lakes swarm is continuing into its second year. The swarm was initi-
ated in December 1978, by migration of seismicity following the M 5.7 event
of October 4, 1978, that occurred 25 km NW of Bishop. The migration occurred
over a time interval of 6 months, and over a distance of 25 km toward Mammoth
Lakes in a WNW direction, oblique to the strike of the NNW-trending, left-
stepping normal faults of the Sierra frontal system. The swarm activity has
been most intense in a region immediately to the south of Long Valley caldera,
where several NNW-striking faults dissect Sierran granites and paleozoics.

The activity reached a maximum in November 1979. Twelve swarm events of magni-
tude between 4.0 and 4.3 occurred in 1979. Several events have been recorded
close in on a UNR 3-component wideband digital displacement seismograph and a
strong-motion accelerograph.

UNR wideband digital event recorders, developed under separate funding,
have been deployed close-in to record hundreds of aftershocks of the recent
Sierran front earthquakes as well as numerous events of the Mammoth Lakes
swarm. This data will allow a comparative study of strike-slip and dip-slip
source characteristics.

2, TUNR coda-magnitude scale

The coda-magnitude relation determined for short-period vertical instru-
ments of the University of Nevada network is

Mo=-1.2 + 2.65 log T + 0.0013A (1)

where T is coda duration in seconds, as defined by Lee et al. (1972, USGS Open
File Report), and A is epicentral distance in kilometers. The relation 1is
based on a set of 12 events of Berkeley magnitude 3.0 - 5.7 which occurred
along the Sierra Nevada-Great Basin boundary zone. The standard deviation
between BRK and UNR magnitudes for these events is - 0.09. Duration data for
9 short-period Benioff stations and 21 L-4 stations were analysed separately.
The coefficients of the coda duration and distance terms were found to be the
same for the two sets of stations, an unexpected result. Average standard
errors of magnitudes determined from the Benioff and L-4 station sets are
$0.17 and T 0.19, respectively. The constant term in equation (1) is such
that the average station adjustment is zero for the L-4 stations. _ The second
moment of the L-4 station adjustments is 0.19. TFor the Benioff stations the
average station adjustment is - 0.40.

Berkeley Wood-Anderson magnitudes can not generally be determined for
SNGBZ earthquakes of magnitude less than 3. To extend the coda-magnitude
scale to smaller events, magnitudes were determined from synthetic Wood-
Anderson seismograms obtained by filtering wideband digital data recorded at
station MNA on a 3-component UNR event recorder. Coda durations and magnitudes
were determined for 17 local events in the Mono-Mina-Bishop area: 13 of the
events occurred in a single source region near Mono Lake, approximately 80 km
from MNA. Coda magnitudes calculated from equation (1) differed from synthetic
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Richter magnitudes by a constant, 0.19 £ 0.11, which is attributed to a combi-
nation of attenuation and station effects. The standard deviation, t 0.11,

is not significantly greater than the standard deviation * 0.09 between BRK
and UNR magnitudes for the larger events on which the coda-magnitude scale was
based. Thus equation (1) can be applied in the magnitude range 1.5 - 5.7.

3. Recommended revisions of seismic hazard mapping

Recent seismic hazard maps have been based largely on historic seismicity
and consequently show relatively high hazard in the zone of large historic
earthquakes in central Nevada and relatively low hazard along the SNGBZ north
of Owens Valley. Significant revisions have been recommended (Ryall and
VanWormer, 1980) such that hazard mapping conforms with the geologic record of
Holocene and late Quaternary faulting (Slemmons, Wallace, Trexler, Bell,
Pease), and with Ryall's model of the seismic cycle of Great Basin faults.
Recommendations were submitted at USGS EHRP meetings at Alta, Utah and Denver,
Colorado during the reporting period, and are being incorporated in the forth-
coming revision of the Algermissen-Perkins hazard map of the U.S.

Reports

e,

Greensfelder, R. W., F. C. Kintzer, and M. R. Somerville, Seismotectonic
regionalization of the Great Basin, and comparison of moment rates
computed from Holocene strain and historic seismicity, submitted to
G.S.A. Bull., Part II.

Mohler, A. S., Earthquake/earth tide correlation and other features of the
Susanville, California earthquake sequence of June - July, 1976,
submitted to B.S.S.A.

Ryall, A., and F. Ryall, Anomalous patterns of earthquake occurrence in the
Sierra Nevada - Great Basin boundary zone, submitted to B.S.S.A.

Ryall, A., and J. D. VanWormer, Estimation of maximum magnitude and recom-
mended seismic zone changes in the western Great Basin, submitted to
B.S.S.A.

Somerville, M. R., W. A. Peppin, and J. D. VanWormer, An earthquake in the
Sierra Nevada - Great Basin boundary zone: Diamond Valley, submitted
to B.S.S.A.

VanWormer, J. D., and A. Ryall, Seismicity related to structure and active

tectonic processes in the western Great Basin, Nevada and eastern
California, submitted to B.S.S.A.
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Earthquake Hazard Studies in Southeast Missouri
14-08-0001-16708

William Stauder

Robert B. Herrmann

Brian J. Mitchell

Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station

St. Louis, MO 63156

(314) 658-3120

Goals

Monitor seismicity in the New Madrid Seismic Zone, using data
from a seventeen station seismic array.

Conduct research on eastern United States seismic sources by
using array data and data from other stations.

Investigations

The project consists of the operation of a 17 station micro-
earthquake array (to be augmented to 32 stations) in the central
Mississippi Valley, near New Madrid, MO. Since the installation
of the array on 1 July 1974 a total of 1117 earthquakes have
been located through December 31, 1979. The locations of these
earthquakes are shown in Figure 1. The operation and analysis of
array data is an ongoing effort. Quarterly bulletins of micro-
earthquake locations and readings are published.

An investigation of the depth distribution of earthquakes in the
central Mississippi Valley is commencing, being made possible by
the establishment of a data file of phases read since January
1977. JHD and Master Event Location programs have been im-
plemented on the PDP 11/70 computer to assist this task.

Larger eastern United States earthquakes are being investigated
with techniques that study surface wave excitation, body wave
forms and Lg spectra.

Results

A major study of the earthquakes near the Rocky Mountain Arsenal,
Denver, Colorado is nearing completion. The solutions seem to
be well constrained by surface wave, seismicity, seismoscope

and strain meter data.

Preliminary depth profiles indicate that the station distribution

is sufficient to define the depths as well as to make a JHD
relocation of microearthquakes feasible.
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A new, simple method for determining crustal shear wave Q is
leading to a Q regionalization of the western United States

Publications

Herrmann, R.B. (1979). FASTHYPO - A hypocenter location
program, Earthquake Notes 50, 25-38.

Herrmann, R.B. (1980). Q estimates using the coda of local
earthquakes, Bull. Seism. Soc. Am. 70, 447-468.

Singh, S, and R.B. Herrmann (1979). Q Regionalization of
western United States (Abstract, 75th Annual Meeting,
SSA), Earthquake Notes 50, 27.
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National Earthquake Catalog
9920-02648

J. N. Taggart
Branch of Global Seismology
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, CO 80225
(303) 234-5079

1.

2.

Develop a plan for the preparation of a national earthquake catalog
within five years.

Coordinate the operational and research activities necessary to
produce the catalog.

Investigations

1.

1.

Discussions with twenty Geological Survey scientists during the
first three months of FY 1980 provided background information on
problems related to the catalog.

A preliminary plan was prepared and submitted to the Office of
Earthquake Studies (OES) on 01 February 1980.

A modified plan, which discussed four levels of budgetary and
staffing effort, was submitted to the OES on 15 February 1980.

A final version of the plan, which assumes $2.5 M effort over a
five-year period from existing OES funds and staff, was submitted
on 25 March 1980,

Results

The OES has identified the preparation of a national earthquake
catalog as a priority item during the next five years. The target
date for preparation and technical review of the catalog is September
1984, The plan identifies four principal elements in the development
and publication of a national earthquake catalog. These elements
(summarized below) are: data preparation, related research, data
base development, and catalog preparation.

The collection, entry, and correction of event list data from
numerous sources is a necessary first step in the preparation of
the catalog. The individual lists will be carefully checked, then
merged with all data in chronological order. Preferred hypocenters
will then be selected for each event. The target date for this
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stage of the work is September 1982. The plan recommends that the
catalog include earthquakes in all 50 states, Puerto Rico, Guam,
American Samoa, and parts of Canada and Mexico where earthquakes
might potentially be felt in the United States. Thresholds will be
selected to provide a good representation of events in all regions
of the United States.

The research effort will be directed mainly toward determination of
the accuracy of a few common event list attributes such as: latitude
longitude, focal depth, origin time, magnitude(s), maximum intensity,
and damage data. Observational data from a limited number of
important historical events will be reevaluated. The change in
regional detection thresholds as a function of time will also be
estimated.

A computer data base will be developed from which the catalog can
be published essentially free of typographic errors. Initially the
data base will contain only attributes appropriate to the catalog;
however, the design of the data base will be sufficiently flexible
that it can be expanded to serve as a general purpose national
event list data base after the catalog is published.

The greater part of the catalog will consist of regional chronological
listings of events in a tabular format. Exhaustive references will

be included along with a thorough discussion of methodology. A few
maps, special statistical tables, and descriptions of notable
earthquakes will also be an integral part of the catalog. The
Geological Survey is aiming to produce a first-class catalog that
will be an important reference for years to come.
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EARTHQUAKE HAZARD RESEARCH IN THE GREATER LOS ANGELES BASIN
AND ITS OFFSHORE AREA

14-08-0001-16704

Ta-liang Teng and Thomas L. Henyey
University of Southern California
Department of Geological Sciences
Los Angeles, California 90007

Continued microseismicity monitoring of the greater Los Angeles
Basin has two principal objectives:

1) Investigating relationships between microearthquakes and oil
field operations (principally waterflooding), and

2) compiling earthquake statistics for coastal zone faults,
principally the Newport-Inglewood, Palos Verdes, and Santa
Monica-Malibu faults.

Epicentral locations of M > 1.5 in the greater Los Angeles area
between October 1, 1979 and March 31, 1980 are shown in Figure 1. Aftershocks
of the January 1, 1979 Malibu earthquake are conspicuous in Santa Monica
Bay (this included an M=4.2 event on October 17, 1979). There were several
events in the Baldwin Hills area during this period. These events were
generally deep (> 10 km) and below producing zones.
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Earthquake Data-Base Studies
9950-02092

Arthur C. Tarr
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5078

Investigations

l. Design master U.S. earthquake data set and catalog, consistent with
current data-base management system (DBMS) philosophy

2. Compile earthquake catalogs for the United States for entry into the data-
base as a prototype master catalog

3. Compile and evaluate published focal mechanisms and in-situ stress
measurements for North America

4. Investigate the effects on the completeness of the earthquake catalog as a
result of changing network detection thresholds

Results

The principal accomplishment of this reporting period was the completion
of preliminary evaluations of the detection and location capabilities of
seismic networks in the southeastern United States. A modified version of
NETWORTH, a computer code used in evaluating capabilities for seismic event
detection at teleseismic distances, was used to calculate 90 percent detection
threshold magnitudes for five or more stations and 90 percent confidence
ellipses for magnitudes my=2.0, 3.0, and 4.0. A signal-to-noise ratio of 2.0
and nominal noise value of 20 nm were assumed for all southeastern U.S.
stations operating on January 1, 1980.

The map of five-station detection threshold magnitude (fig. 1) demon-
strate that the current detection capability is good, as expected, in or near
places where local and regional seismic networks are established; namely, the
Central Mississippi Valley, central Virginia, and Charleston, South
Carolina. Figures 2, 3, and 4 demonstrate that the location capability, as
shown by the size of the 90 percent confidence ellipses, deteriorates along
the Gulf coast and off the Atlantic coast, even at magnitude mb=4.0. Magni-
tude mb=2.0 events are located reliably within local or regional networks
only.

These results suggest that the installation of a modest number of single
stations could improve both the detection and location capabilities of south-
eastern U.S. networks dramatically. Possible sites in central Kentucky and
Tennessee, central and eastern North Carolina, and northern Mississippi would
particularly improve the detection capability for earthquakes in the southern
Appalachian seismic zone. Although the seismicity in the Gulf coastal region
is low, potentially informative earthquakes probably go undetected below
my=2.5 with current network configurations.
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Preparation of Isoseismal Maps and Summaries of
Reported Effects for Pre-1900 California Earthquakes
Contract No. 14-08-0001-18243

Tousson R. Toppozada, Charles R. Real, Stephen P. Bezone, and David L. Parke
California Division of Mines and Geology
1416 Ninth Street, Room 1341
Sacramento, California 95814
(916-322-9309)

Information was obtained for the 13 earthquakes added in the current grant and
for 19 significant earthquakes not included in the proposal. Additional
information was also obtained for the earthquakes studied in the previous grant
year. More than four thousand additional newspaper issues were searched for
earthquake reports, bringing the total number of issues examined to more than
eleven thousand. About one quarter of the issues searched provided earthquake
reports. Summaries of these reports, emphasizing the information used to assign
earthquake intensities, are being prepared.

The reported earthquake effects were converted into values of earthquake
intensity, and isoseismal maps were sketched for the earthquakes. Epicenters

and magnitudes were estimated from the distribution and extent of the isoseismal
areas. A table and an epicenter map of the earthquakes added this year are
provided. Epicenters were plotted using a symbol of size proportional to
magnitude. When it was not possible to estimate a magnitude, the numerical value
of maximum reported intensity was plotted at the assumed epicenter. Earthquakes
of magnitude 6 or greater were added on the San Andreas system, on the eastern
flank of the Sierra Nevada, and near Cape Mendocino. The table includes epicentral
coordinates and maximum reported intensity and the areas shaken at various
intensity levels. A separate estimate of magnitude was derived from each of

the isoseismal areas (Toppozada, 1975) as well as from the maximum reported
intensity (Gutenberg and Richter, 1956), and the mean of these magnitudes was
assigned to the earthquake., The parameters of all the earthquakes will be
reviewed in light of the available data before the annual report.

In the closing decade of the nineteenth century 4 earthquakes M>6 occurred

on or near the San Andreas fault system north of San Francisco, 2 in 1892

and 2 in 1898. Other earthquakes of this size have not occurred north of

San Francisco and south of Cape Mendocino since 1850. This might be premonitory
to great earthquakes on the northern San Andreas fault. This observation was
reported at the Seismological Society of America meeting in a paper summarizing
the salient features of pre-1900 California seismicity (Toppozada et al., 1979).
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SEISMIC RISK IN THE ASSAM GAP
Contract No. 14-08-0001-16841

by
M. Wyss
Cooperative Institute for Research
in Environmental Sciences
University of Colorado
Boulder, Colorado 80309
and
K.N. Khattri
Earth Sciences Department
Roorkee University
Roorkee U.P., India

The Himalaya form a clearly defined arcuate zone of plate consump-
tion along which the Indian and Asian Plates collide at a rate of about
5 cm/year. In the eastern part of this plate boundary a 500 km segment,
lying between the epicenters of the great 1897 and 1950 earthquakes, is
considered to be a seismic gap. A three station seismograph network
with a diameter of about 100 km was operated in the western part of the
Assam gap for 5 months during 1979. The main purpose of this pilot
program was to determine whether high quality seismograms for earthquake
prediction research could be obtained in this area.

It was found that the general area is seismically fairly active.
On the average, 20 local earthquakes per day were recorded. Their coda
duration times varied between 5 and 200 seconds, with most events having
a signal duration length of around 80 seconds. Approximately 25% of
these events could be located within the three-station network. The
seismograph data from Shillong turned out to be of limited use, because
few of these events are recorded there, due to the relatively low fre-
quency (1 cps) response of the WWSSN seismographs.

OQut of 425 station-days recording time 87 station-days were lost
due to various reasons. This shows that seismic networks can be oper-
ated in the Assam area with a down-time of about 20%. With a ten sta-
tion network, one would thus expect 8 stations to run coincidentally.
To date, 124 earthquakes have been located. Several hundred events are
in the process of being analysed.

At present a six station network is being installed in the Assam
area under a contract funded by the U.S. Geological Survey to continue
the work reported here. -Several other Indian institutions carry out
geophysical research in the area as an integral part of a national
effort to evaluate the seismic risk in the region. It is concluded that
the U.S.G.S. funded study of the seismicity and physics of the earth-
quake source properties and other factors, which would make a fundamen-
tal contribution to the assessment of the earthquake risk in the Assam
gap, can be carried out successfully and that this will constitute an
important part of the larger overall project.
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Regional and National Seismic Hazard and Risk Assessment
9950-01207

S. T. Algermissen
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4014

Investigations

1. Sought to improve speed and accuracy in the map production version of the
hazard program and increase the long-return period capability of a research
version and investigated the problem of long term hazard assessment.

2. Improved methods of B-value determination, including ways of correcting
for bias in grouped data (when using Page or Aki maximum likelihood
formulations).

3. Continued review of the seismotectonics and seismicity of various regions
of the country through a series of meetings with geologists and seismologists
from both within and outside the Survey.

4., Investigated relationship between average return periods obtained from
analysis of historical seismicity data and return periods developed from field
investigations of fault slip.

5. Investigated methods of presenting seismicity data that would be more
useful than epicenter maps in delineating seismic sources zones.

6. Investigated means of producing and analyzing Weibull earthquake sequences
and the statistics of regions composed of several independent or contagious
subzones.

7. Investigated various techniques for allocating future seismicity to
various subzones which have historically experienced only a very few
earthquakes.

8. Began improvement in speed and accuracy of liquefaction opportunity hazard
mapping programs.

Results

1. Developed a production version of the risk mapping program which runs four
times faster than the program used to produce the 1976 U.S. map. The research
version of the program produces accurate assessment of long return period
ground motion than previously possible. Both programs no longer depend upon
grid size for accuracy. A report to be published as a U.S.G.S. Circular "Some
Aspects of the Seismic Hazard Associated with Radioactive Waste Disposal” by
S. T. Algermissen has been completed, received technical reviews and awaits
Director's approval.
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2. Developed a new maximum likelihood technique for B-values of grouped

data. This technique more accurately reproduces the B-value of the underlying
continuous process. (This formulation appears identical to one previously
proposed by Karnik.) Perkins' minimum chi-squared B~value formulation was
improved by placing it in a self-converging process.

3. Geological and geophysical data pertinent to the delineation of seismic
source zones and earthquake distributions were discussed at meetings in Golden
with Survey and other geologists and geophysicists. Meetings were held to
discuss the northern Rocky Mountains (December 6-7, 1979), and the Southern
Rocky Mountains (January 23-24, 1980). Summary reports are available for all
of these meetings which include suggestions for the delineation of seismic
source zones based on seismotectonics data and relative rates of earthquake
activity for each of the suggested source zones.

4. Earthquake recurrence rates derived from geologic investigations of fault
scarps in Nevada (Wallace, project no. 9900-01270) and Utah (Bucknam, project
no. 9950-01738; Anderson, project no. 9950-01538) were found to agree
remarkably well with recurrence rates obtained from historical seismicity
data, except along the Wasatch fault where geological data indicate an average
recurrence interval for magnitude 7-7.5 earthquakes of the order of 350-400
years. A recurrence interval extrapolated from a rather poor historical
seismicity sample indicates much longer recurrence intervals of the order of
1400 years. Combining the historical seismicity and geologic data to obtain a
composite magnitude distribution for hazard calculations results in an
increase of acceleration of about three times over that computed for the 1976
U.S. acceleration map. It has also been found, with the exception of the
Wasatch fault, that areas in Utah where respectively, no late Quaternary or
younger faulting is found, late Quaternary faulting but no Holocene faulting
is present and areas of Holocene faulting correspond approximately to
different levels of historical seismicity. Areas with no late Quaternary or
younger faulting have the lowest historical seismicity, etc. A paper "Late
Quaternary Faulting in Western Utah and its Implications in Hazard Evaluation”
by R. C. Bucknam, S. T. Algermissen and R. E. Anderson has been completed and
will be submitted to the Bulletin of the Seismological Society of America
after technical review.

5. A number of maps have been prepared for the Basin and Range province to
show total strain energy release (as equivalent numbers of magnitude 4
earthquakes) for various time intervals of historical seismicity. These maps
have been very useful as an aid in delineating seismic source zones and may
lead to an improved method of estimating seismic activity.

6. Mixed independent or contagious Weibull processes produce nearly Poisson
statistics for relatively small numbers of constituent Weibull subzones.

7. A maximum likelihood allocation scheme for earthquakes into seismic source
zones produces a delightfully simple result. Like a number of other
procedures we have used, this allocation is consistent when extrapolated to an
infinitely large amount of historical data. However, for small samples, the
allocation scheme is simply proportional to the total number of earthquakes
observed in each subzone--regardless of size.
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8. A simple correction makes the old Perkins—Bender liquefaction opportunity
computer program give answers within 10 percent of a new, experimental program
based upon the procedures of the new production ground motion hazard (risk)

program.

ReBorts

Perkins, D. M., Thenhaus, P. C., Houson, S. L., Ziony, J., and Algermissen,
S. T., 1980, Probabilistic estimates of maximum seismic horizontal ground
motion on rock in the Pacific northwest and the adjacent outer
continental shelf, U.S. Geological Survey Open-File Report 80-471, 39 p.

with maps.

Steinbrugge, K. V., Lagorio, H. J., and Algermissen, S. T., 1980, Earthquake
insurance and microzoned geologic hazards: United States practice,
Proceedings 7th World Conference on Earthquake Engineering (in press).

Steinbrugge, K. V., Shader, E. E., and Algermissen, S. T., 1980, Mobile homes

and earthquake damage in California: Report of the California Seismic
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Seismic Wave Attenuation in Conterminous United States
9950-01205

A. F. Espinosa
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5077

Investigations

1. Data reduction and analysis of 136 events in the magnitude range of 2.0 to
6.4, recorded on short period instruments throughout the United States, for
the Pg, Pn and Sn phases is in progress.

2. Continuation of regional compilation of seismograms for selected events in
the United States, to be used in the regional seismic-wave attenuation, is in
progress.

3. Continuation on the attenuation study of strong-ground motion displace-
ments (cm) from 67 earthquakes recorded in the Western United States is in
progress.

4., Data selection and tabulation of earthquakes recorded on Wood-Anderson
instruments in the Western United States is in progress.

5. Data analysis of the strong-motion recordings of the Imperial Valley
earthquake of October 15, 1979, at 30 U.S. Geological Survey accelerograph
stations and 7 Mexican accelerograph stations is in progress.

Results

l. An empirical seismic moment, M,, scaling law has been derived, using the
strong-motion accelerograms of the 67 most significant Western United States
earthquakes. M, determined at regional distances, from strong-motion records,

is in fairly good agreement with those M, determinations from P, S, or Sur-
face-wave spectra estimates, and/or from seismic moment field determinations.

2. An empirical magnitude scaling law (Mj) using the maximum horizontal
accelerations as a function of distance has been derived and tested, and is
being published. The derivation of this empirical magnitude scaling law for
the Western United States partly fulfills the objectives of determining re-
gional attenuation curves for conterminous United States.
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3. The anelastic Q distribution for L_-waves in conterminous United States
have been mapped. The overall Q contour lines for L_ -waves are in fair
agreement with the variations of crustal thickness and mean crustal velocities
compiled by Pakiser and Steinhart. Low Q-values have been found in areas
where high-heat flow has been reported (Smith; Zoback and other investiga-
tors). Also, low Q-values for regions where low—Q have been reported for Pg-
waves (Hill) have been verified by our results.

4, On a regional basis, the absorption coefficient for Lg—waves correlates
fairly well with the general tectonic of the region.

5. The absorption coeffcient determined for the New England region is
0.001/km. Fifty events recorded at distances of about 20 km to 400 km were
used in this study, in the magnitude range of 1.8 to 3.2.

Reports

Espinosa, A. F., 1980, Attenuation of strong horizontal accelerations in the
Western United States: Seismological Society of America Bulletin, v. 70,
583-616.
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Research Applications
9900-90027

W. W. Hays
Office of Earthquake Studies
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4029

Investigations

1. The continuing objective is to develop and to foster effective communication
between producers of information in the USGS's Earthquake Hazards Reduction Pro-
gram and users in Federal, State, and local governments; academic and private
sectors.

Results

1. The Office of Earthquake Studies is continuing to contribute to the activities
of the Interagency Committee on Seismic Safety in Construction, formed in December
1978. One draft report dealing with tsunamis and flood waves has been prepared.
Another draft report dealing with procedures for evaluating site hazards is in
progress.

2. The Office of Earthquake Studies will co-sponsor the 1980 Summer Institute

on Multiprotection' Design along with FEMA, NSF, and DOE. This year, the institute
will address flood mitigation and environmental engineering (July 28-August 1),
wind engineering and energy conservation/management (August 4-8), and building
firesafety and earthquake hazards (August 11-15). The institute is held at the
FEMA Staff College, Battle Creek, Michigan.

3. USGS and five co-sponsors: California Division of Mines and Geology, Cali-
fornia Office of Emergency Services, California Seismic Safety Commission, City
of Los Angeles, and Federal Emergency Management Agency convened a conference

on "Earthquake Prediction Information'' in Los Angeles on January 28-30, 1980.

The conference was attended by more than 100 participants who discussed construc-
tive responses that might be taken through broad-cooperative community partici-
pation before and after an actual prediction of an earthquake.

4. Fifteen hundred copies of USGS Circular 816, '"Program and Plans of the U.S.
Geological Survey for Producing Information Needed in National Seismic Hazards
and Risk Assessment, FY 80-84' were distributed to Federal, State, academic and
private sector representatives.

5. A conference on, "Evaluation of Regional Seismic Hazards and Risk" is planned
for Santa Fe, New Mexico, August 25-27, 1980. One objective is to introduce an
improved ground-shaking hazard map.
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6. USGS participated in a special conference on "Earthquake Hazards, Risks,
and Losses'" at the March, 1980, meeting of the Property Loss Research Bureau,
San Francisco, California.

Results

1. Hays, W. W., 1980, Evaluation of earthquake hazards and risk, Proceedings
of Conference on Earthquake Hazards, Risks, and Losses, San Francisco, Cali-
fornia, Property Loss Research Bureau (in press).

2. Hays, W. W. (editor), 1980, Earthquake prediction information, Proceedings

of Conference XIII, Los Angeles, California, U.S. Geological Survey Open-File
Report (in press).
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Seismogenic Zones of the United States
9950~01849

F. A. McKeown
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5086

Investigations

Conducted seismic zoning meetings for the Great Basin, Northern Rocky
Mountain area, and Southern Rocky Mountain area.

Results

Three meetings were held lasting about one and a half days each to prepare
maps of western United States showing zones that represent relative homogenity
with respect to young faulting. Rates of the occurrence of earthquakes of
magnitude 7 or greater and maximum magnitudes were assigned to each zone. The
maps, which are based on geologic, geophysical, as well as seismological
information, are now being integrated with historic seismic information to
produce the zone maps upon which a new National probabilistic ground motion
map will be based. A satisfying result of the integration of data is that the
rates of earthquake activity determined independently from geologic data and

seismologic data agree. This agreement lends credence to the seismic zoning
method being used.

A total of 11 non-Survey and 21 Survey geologists, geophysicists, and
seismologists with expert knowledge of the various regions participated in
the meetings. Their information, thoughtful opinions, and cooperative spirit
contributed immensely to the final results. In addition to the preparation of
state—-of-the-art seismic zone maps, the meetings made everyone aware of some
of the very large gaps in our knowledge of the relationship of earthquakes to
tectonics and even young faults. Some of the gaps can be filled fairly
quickly; others will take considerable time.
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Neotectonie Synthesis of U.S.
9540-02191

Carl M. Wentworth
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 328-8111, ext. 2474

(Work carried out in cooperation with 9950-01849, Seismogenic Zones of
the United States)

Investigations

1. A manuscript is well underway that argues the existence of a reverse-fault
domain along the Atlantic margin of the continent that is characterized by
northwest-southeast compression and is responsible for the MMX Charleston
earthquake of 1886. Writing has led to further consideration of Charleston
and North Anna seismicity in the context of the Atlantic Coast domain, the
frequency of damaging earthquakes, and the consistency of this frequency with
fault histories.

2. Digital terrain maps of the eastern third of the country (at 1:2,500,000,
CI = 50 m, 3 minute file) and northern California (1:1,000,000, CI = 150 m,
1/2 minute file) were defined and obtained from R. Godson and M. Kane.
Preliminary study suggests promising lines of inquiry relative to Cenozoic
tectonics and modern seismicity. :

3. The Atlantic-coast structure-contour maps were largely completed, although
problems remain in extracting the most appropriate information from the
available offshore data. Piedmont topography is being generalized to extend
the basement surface westward from beneath the Coastal Plain. Suggestions of
increased Eocene tectonism led to examination of the subsidence history of the
shelf edge from COST well data.

4, Work was begun on a statistical evaluation of the usefulness of certain
geomorphic parameters in determining the presence and rates of differential
vertical movements. This involves the measuring of such parameters as slope,
relief, shape, and trunk-stream length for 50-100 drainage basins adjacent to
mountain fronts where independent evidence of recent uplift history is
available. The relationship between the variables will then be examined
statistically.

5. Work on the 8 neotectonic contracts and the companion work by S. Colman
and M. Machette in Colorado and New Mexico is progressing well.
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Results

1. Available data require the hypothesis that a broad domain of northeast-
striking reverse faults extend along the Atlantic continental margin from
Georgia to Canada. For the most part these faults probably follow older
discontinuities, particularly early Mesozoic extensional faults. Their full
spatial distribution is unknown: they probably have spacings of 20 to perhaps
50 km, are known to be present along the fall line in the southeast, and
probably extend at least throughout most of the Piedmont and Coastal Plain
(and northeastward equivalents). For the past 100 MY they have undergone
sporadic reverse movements, but with cumulation offsets across individual
faults on the order of only 100 m. The better studied modern earthquakes are
consistent with this geometry (Trenton, South Carolina 1976; North Anna,
Virginia microearthquakes, 1974-76; Delaware, New Jersey, 1973; Ramapo, New
Jersey-New York microearthquakes, 1962-77).

Available evidence permits Charleston, South Carolina seismicity at least to
be consistent with northwest-southeast compression in the Atlantic Coast
domain. Recent discovery of the northeast-striking Cooke fault in the 1886
meizoseismal area (Behrendt, Hamilton, and Ackermann, 1980) makes the case
much stronger. This fault system shows progressive offset in the Cretaceous
and early Tertiary, has a cumulative offset of only 50 m, and is geometrically
consistent with the spatial distribution of many of the recent
microearthquakes.

If the Charleston and 1755 Cape Ann, Massachusetts, earthquakes are taken
as the major historic events in the Atlantic Coast dgmain in the U.S._singe
1700, the frequency of such earthquakes is about 107- per year per 10° km“.
The consistency of this frequency with the geologic evidence of only 100 m of
offset in 100 million years on individual faults can be crudely tested if an
appropriate size and distribution for individual source areas can be
determined, assuming that all offset results from Charleston-type events. As
a limit, a fault length of 30 km from western U.S. data can be combined with
an estimated average spacing of faults throughout the domain of 35 km. The
result is an average fault offset per event 0.1 m. This is about an order of
magnitude too small for magnitude 7 events, based on western U.S. data,
suggesting that for a given size of fault events eastern earthquakes may be
more energetic than western ones. One implication of this argument is that
Charleston-type events could occur anywhere in the Atlantic Coast domain, with
a frequency not substantially lower than that for damaging earthquakes in many
parts of the west.

2. Preparation of absolute subsidence curves for the COST wells GE-1 off
Georgia and B-2 and 3 off New Jersey indicate episodic shelf subsidence even
after removal of an extreme correction for sediment loading. Periods of more
rapid subsidence in the late Cenozoic, Eocene, and possibly Santonian-
Coniacian are separated by periods of slower subsidence, or even slight
positive movements. The great distance between the two areas of control
implies that the histories represent a general behavior of the continental
margin. Causal implications are uncertain, but seem to exclude simple crustal
cooling.

3. A digital terrain map of the eastern U.S. at 1:2,500,000 shows several
very large features of possible neotectonic significance, as well as much
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finer structure. The Appalachian highland, for example, extends from Alabama
to Maine with a nearly constant width of about 225 + 25 km. Neither the
southeast nor northwest borders appear to follow known geologic features for
any significant distance. A strong north-south grain in New England
interferes with the northeast Appalachian grain there, and extends westward
through the Catskills to at least Indiana. An extension of the St. Lawrence
lineament carries at least as far southwest as Indiana as well. Tantalizing
relations of these and other features to some Triassic faults and Cenozoic
structures and to historic seismicity suggest merit in further inquiry.

Reports

Wentworth, C. M., 1980, The tectonic and geologic setting of the June 12, 1978
Miyagi-Ken-oki earthquake, Japan, in Ellingwood, Bruce, ed., An
investigation of the Miyagi-Ken-oki, Japan earthquake of June 12, 1978;
United States-Japan Cooperative Program in Natural Resources (UJNR),
Panel for Wind and Seismic Effects, Special Report, 22 p. ms in press.
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Southwestern Utah Seismotectonic Studies
9950-01738

R. Ernest Anderson
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
Denver Federal Center, MS966
Denver, CO 80225
(303) 234-5109

Investigations

1. An exposure was excavated near Cove Fort, Utah, allowing for detailed
study and mapping of faulted tephra-bearing Pleistocene strata.

2. Detailed field study of the distributions, trends, and relative agés of
late Cenozoic mafic dikes along the west margin of the Markagunt Plateau

northeast of Cedar City, Utah.

3. Systematic collection and compilation of data pertaining to slip direc-
tions on faults and fractures in southwestern Utah.

4, Field measurement of profiles on fault scarps formed on Quaternary allu-
vium in Dry Lake Valley and Kane Spring Wash, Lincoln County, Nevada.

5. Organized, chaired, and summarized the results of a two-day workshop
conducted for the purpose of developing a seismogenic zone map for New Mexico
and adjacent parts of Colorado, Texas, and Arizona.

6. Coorganized, cochaired, and contributed two oral presentations to a 3-day
Division-sponsored workshop on the tectonics of the Central Region.

Results

l. Strata in the upthrown block of the eastern boundary fault of the Cove
Fort graben include highly deformed clastic rocks of probable Oligocene age
overlain unconformably by about 15 m of subhorizontal mid-Pleistocene clastic
strata that contain two beds of tephra (Bishop and Ranch Canyon tephra).
Excavations in the downthrown block exposed approximately 18 m of subhori-
zontal clastic strata that lack tephra and do not appear to correlate with any
strata in the upthrown block. The strata of the downthrown block were
probably deposited contemporaneous with faulting, are of late Pleistocene age,
and are younger than those in the upthrown block. A minimum of 18-20 m of
late Pleistocene normal stratigraphic separation is indicated.

2. Subhorizontal to gently dipping early Tertiary strata at the west edge of
the Colorado Plateaus (Markagunt Plateau) 40 km northeast of Cedar City are
intruded by two previously unmapped systems of steep late Cenozoic mafic
dikes--an early system of at least 25 north-trending dikes and a late system
of at least 4 northeast-trending dikes. The dike rocks were sampled and
submitted for K-Ar analysis. If reliable ages are obtained, they will.
constrain the age of clockwise rotation of least principal stress in this
area. The data can then be compared with other widespread evidence for late
Cenozoic clockwise rotation of the late Cenozoic stress field.
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3. Surprising and unexplainable results have been obtained from a systematic
collection and compilation of data pertaining to slip directions on faults and
fractures in southwestern Utah. Careful study of four localities and recon-
naissance study of several others indicate that a widespread predominant mode
of strike-slip displacement has occurred on most steep faults and fractures
that trend north and north-northeast. Studies of structures with variable
attitudes indicate gently plunging kinematic vectors oriented NE-SW, consis-
tent with the slip data from the steep northerly trending structures.

Together the data suggest a major widespread episode of predominantly lateral
tectonic transport of late Cenozoic age. The data probably represent the
youngest displacement event on the structures. The data are very inconsistent
with the inferred neotectonic stress regime which is supposed to be exten-—
sional in nature and oriented WNW-ESE. A high priority is given to future
studies that will attempt to resolve the inconsistency.

4., Twenty-five profiles across the 45 km—long north-trending fault scarp in
Dry Lake Valley, Lincoln County, Nev., yield a regression equation of scarp
height on maximum scarp slope angle of y = 5.99 + 15.2x with a standard devia-
tion of y about the line of 1.94. These data, when compared with regression
lines from other scarps, indicate a latest Pleistocene age for the Dry Lake
fault scarp--possibly 15-20 thousand years old.

Reports

Anderson, R. E., 1980, Notes on the Cenozoic structural history of the Tunnel
Spring Mountains area, western Millard County, Utah: U.S. Geological
Survey Open-File Report 80-237, 24 p.

Anderson, R. E., and Mehnert, H. H., 1979, The Hurricane fault in Utah as a
predominantly Quaternary structure [abs.]: Geological Society of
America, Abstracts with Programs, v. 11, no. 3, p. 66.

1979, Reinterpretation of the history of the Hurricane fault in Utah,
in Newman, G. W., and Goode, H. D., eds., 1979 Basin and Range Symposium
and Great Basin Field Conference: 1979 Basin and Range Symposium, Rocky
Mountain Association of Geologists — Utah Geological Association, p. 145-
165.

Bucknam, R. C., Algermissen, S. T., and Anderson, R. E., 1979, Late Quaternary
faulting in western Utah and its implications in earthquake hazard evalu-
ation [abs.]: Geological Society of America, Abstracts with Programs,
ve 11, no. 3, p. 71-72.

Bucknam, R. C., and Anderson, R. E., 1979, Estimation of fault-scarp ages from
a scarp-height-slope-angle relationship: Geology, v. 7, no. 1, p. 11l-14.
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Seismic Hazards of the Hilo 7 1/2' Quadrangle
9550-02430

Jane M. Buchanan-Banks
Engineering Geology Branch
U.S. Geological Survey
Hawaiian Volecano Observatory
Hawaii Voleanoes National Park, Hawaii 96718
(808) 967-7328

Investigations

Investigations consist of geologic mapping and studies of saprolite and ash deposits
leading to an analysis of seismic hazards in the Hilo 7 1/2' quadrangle.

Results

The ash deposits in the Hilo area are generally believed to be an eruptive product of
Mauna Kea volcano while the saprolite is developed on ancient flows from the same
voleano. Locally along the Wailuku River, two separate saprolites can be recognized.
The older (lower) saprolite has no capping ash. Where the younger saprolite has been
mapped within the Wailuku River drainage and north of it, it is everywhere overlain by
ash deposits of varying thicknesses. No saprolite has yet been mapped south of the
Wailuku River drainage in the Hilo quadrangle.

South of the Wailuku River the ash deposits within the quadrangle are underlain by
slightly weathered flows, probably from Mauna Loa. Between the Wailuku River and the
Waipahoehoe-Alenaio stream drainages, the ash deposits are overlain in many areas by
younger Mauna Loa flows.

Samples of ash, the youngest saprolite, and a locally thick (up to 0.5 m) clay bed that is
often found between the ash and saprolite have been collected from several localities
within the quadrangle and adjacent quadrangles. Seismic properties of the materials will
be examined in the Engineering Geology Laboratory in Menlo Park.

Reports

None to date; this project is staffed at 1/2 man-year per year. An isopach map of ash
thickness is being compiled and construction of a slope map is in the preliminary stage.
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Tectonic Framework San Francisco Bay Region
9540-01618

Earl E. Brabb
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111, ext. 2203

Investigations

1.

Reviewed, edited, and prepared final copy of geologic and liquefaction
potential map for northern Monterey County by W. R. Dupré and J. C.
Tinsley.

Reviewed, edited, and prepared preliminary copy of map showing recently
active breaks along the San Gregorio fault zone by G. E. Weber and K. R.
Lajoie.

Reviewed, edited, and prepared preliminary copy of geologic maps of 16
quadrangles in Contra Costa and Alameda Counties by T. W. Dibblee.

Prepared summary report on seismic zonation in the San Francisco Bay
Region for American Society of Civil Engineers conference on social and
economic impact of earthquakes on utility lifelines.

Provided geologic information to Professor Ben Page, Stanford University,
who is preparing cross-sections showing crustal structure in the central
San Francisco Bay region. The cross-sections will be used by W. H. K. Lee
and others to calibrate travel-time curves for seismic events.

Prepared, with D. G. Herd, second phase report on geologic hazards
associated with the General Electric Test Reactor, Pleasanton, California.

Briefed three representatives of Mexico's Department of Planning and
Public Works about different methods of coping with seismic hazaids.

Conferred with geologists and planners from the California Coastal
Commission, Monterey, Santa Clara, Santa Cruz, San Mateo, and Contra Costa
Counties and the City of Pleasant Hill about seismic and landslide
problems in their areas.

Received help from Evelyn Newman and Robert Mark in reprogramming the

digital tape with information about the distribution of geologic units in
San Mateo County. The tape was originally prepared by the Association of
Bay Area Governments. After reprogramming, the tape was used to prepare a
color proof of the geologic map of San Mateo County.
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Results

1. The geologic and liquefaction potential maps of northern Monterey County
are already in great demand because of the impact of development on a
fragile estuarine system. The maps will be used, for example, by the
Coastal Commission to evaluate a proposed sewer line between Seaside and
Moss Landing, and by the Water Resources Division of the U.S. Geological
Survey, which has a cooperative project with Monterey County to study salt
water intrusion of aquifers around southern Monterey Bay.

2. The map showing recently active breaks along the San Gregorio fault zone
should be ready for release in open files by June or July.

3. Maps by T. W. Dibblee showing faults and bedrock geology of parts of
Alameda and Contra Costa Counties are in demand because of the paucity of
recent geologic information in that area. The maps are particularly
wanted by the City of Pleasant Hill, which is preparing a seismic safety
element for their general plan, and by the Contra Costa County geologists,
who must make decisions about land use daily. The following quadrangles
Wwill be released in open-files in June or July: Altamont, Antioch South,
Briones Valley, Byron Hot Springs, Cedar Mountain, Clayton, Diablo,
Dublin, Hayward, La Costa Valley, Las Trampas Ridge, Livermore, Midway,
Niles, Tassajara, and Walnut Creek.

Reports

Brabb, E. E., in press, Seismic zonation in the San Francisco Bay region:
American Society of Civil Engineers.

Brabb, E. E., and Pampeyan, E. H., in press, Geologic map of San Mateo County,
California: U.S, Geological Survey Miscellaneous Investigations Map I-
1257A.

Brabb, E. E., 1980, New techniques for seismic zonation in the San Francisco
Bay region, California (Abs.): American Association for the Advancement
of Science, Abstract of Papers of the 146th National Meeting, p. 12.

Brabb, E. E., 1980, Preliminary geologic map of the La Honda and San Gregorio
quadrangles, San Mateo County, California: U.S. Geological Survey Open-
file Report 80-245, map scale 1:24,000.

Duprée, W. R., and Tinsley, J. C., in press, Maps showing geology and
liquefaction potential of northern Monterey and southern Santa Cruz
Counties, California: U.S. Geological Survey Miscellaneous Field Studies
Map MF-1199,

Herd, D. G., and Brabb, E. E., 1979, Evidence for tectonic movement on the Las
Positas fault, Alameda County, California: U.S. Geological Survey Open-
file Report 79-1658.

Passero, R. N., and Brabb, E. E,, 1980, Annual report on environmental
geology: Geotimes, v. 25, no. 2, p. 19-21.
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Quaternary Deposits and Tectonics of the Antelope Valley-
Western Mojave Region, California

9940-02090
Dennis B. Burke

Branch of Ground Motion and Faulting
U.S. Geological Survey
345 Middlefield Road M/S 77
Menlo Park, California 94025
(415) 323-8111, Ext. 2048

Investigations

Continued mapping of the Late-Quaternary geology of northern Los
Angeles County and vicinity, including the Antelope Valley, the ad-
jacent valleys of the San Andreas rift zone, and the canyons of the
northern San Gabriel and southern Tehachapi Mountains; determination
of the stratigraphy, physical properties, subsurface distribution,
and deformational history of the unconsolidated deposits in the
region.

Results

1. Mapping of the Quaternary deposits and active structures at
1:62500 scale is complete for most of the study area. One map is now
in review and a second will be sent in for review shortly.

2. The Late-Quaternary (approximately 0.5 million years ago to present
day) deposits in the study area apparently record climatically con-
trolled episodes of alluviation. Evidence of an overriding climatic
origin for these deposits lies in the recognition of a consistent
sequence of alluvial deposition in a variety of tectonic settings in
the study area, from the high passes of the San Gabriel Mountains

to the low desert basins. The sequence of alluvial deposition was
determined by delineating map units on the basis of soil development,
topographic position, topographic expression and superposition. An
apparent one-to-one correspondence between the sequence of units in
the Antelope Valley and a similarly determined sequence of alluvial
units in the eastern San Joaquin Valley also exists and further
supports the hypothesis that these pulses of alluviation are climat-
ically controlled. Deposition as a result of climatic shifts implies
that other sequences of alluvial deposits in the southwestern United
States can be correlated in time with the deposits in the Antelope
and San Joaquin Valleys.

3. Collection and compilation of the various physical and engineering
properties of the alluvial units is nearing completion. The engineer-
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ing information is presently being compiled into a computerized data
base. A system of computer programs, the MAT DISPLAY system, has been
developed to examine this engineering and geologic data. Some of
MAT DISPLAY's functions are to display various engineering and geo-
logic data in several tabular formats, plot selected portions of

the data (such as dry density or lithology) on maps or in cross-
section, draw contour maps, and perform statistical analyses on any
selected part of the data base. The computer system facilitates the
organization of large amounts of data and allows for the rapid inter-
pretation and correlation of the geology and associated physical pro-
perties in the subsurface. The MAT DISPLAY system is available for
use by other projects.

Erratum; A slide rule malfunction resulted in erroneous report of
late Cenozoic strain rates in the previous volume of this series.
North-south crustal shortening between the San Andreas and Garlock
faults has probably averaged .5 to 1 microstrain per year during
the past 13 million years or so.
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Vertical Tectonics
9950-01484

Robert 0. Castle
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2482

Investigations

1. Continued studies of historic crustal deformation based on the results of
repeated levelings and both continuous and discontinuous sea-level
measurements, and its relation to the late Cenozoic tectonics in selected
parts of California.

2. Continued analysis of the results of the 1978 southern California
releveling and comparisons of these results against earlier datums.

3. Examined the general charge that the geodetic measurements that define the
southern California uplift are seriously contaminated by height- or slope-
dependent systematic errors.

Results

1. Accumulating evidence indicates that episodic, essentially aseismic
vertical displacements recognized in southern California probably have
occurred on time scales of months or even weeks. Moreover, it is becoming
increasingly difficult to escape the conclusion that these displacements tend
to be oscillatory, even though they commonly are characterized by long-period
trends.

2. Detailed comparisons of the results of the 1978 general releveling of
southern California against earlier datums has revealed a series of
second-order warps superimposed on a regionally defined down-to-the-north
tilt. Areas of sharply defined tilting and warping generally correspond to
areas of intensely developed minor earthquake activity. This is particularly
evident in the region of maximum tectonic downwarping in the eastern
Transverse Ranges.

The 1974-78 height changes measured with respect to the San Pedro tide
station reveal a partial collapse of the 1959-74 uplift that does not
substantially alter its shape. A ridge of residual uplift (10-15 cm) trending
about N60°W roughly parallels the San Andreas through the Palmdale region,
turning more westward through the Transverse Ranges west of Palmdale. In
addition to the marked decrease in the amplitude of the uplift, the most
dramatic changes shown by the residual uplift pattern include: (1) the
development of an east-trending downwarp along the south flank of the uplift;
(2) a sizable deepening (36-38 cm) of the tectonic depression in the vicinity
of the Salton Sea; and (3) the enhancement of an east-trending upwarp
extending along the crest of the Eagle Mountains from a point about 20 km
north of Mecca.
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3. Examination and analysis of a massive volume of vertical control data
obtained from within the central part of the southern California uplift
indicate that the vertical displacements that define the uplift cannot be
dismissed as the products of explicitly height-dependent or less explicitly
slope-dependent systematic errors. Our review of rod errors associated with
rod manufacture, calibration, field procedures and so forth indicates that
these errors are generally trivial and would tend to cancel during the
critical interval 1955-65. Comparisons between the results of various
measurements in which the correlation between topography and signal is
generally poor, reveal large aseismic tilts in a number of places within and
around the margins of the uplift. Moreover, pre- and post-uplift levelings
over routes characterized by diverse length, topography and atmospheric
conditions produce closely matching, temporally equivalent heights for a
representative bench mark well within the uplift. Statistical analyses of
short-wavelength components of the uplift signal and elevation along a
frequently repeated survey line indicate variable correlations between the
two. However, the spatial and temporal patterns of these correlations are
inconsistent with their attribution to height-dependent systematic errors.
Short-wavelength correlations along this line are reasonably explained in part
as real movement associated with differentially subsiding bench marks, and
there is a strong likelihood that this movement tends to dominate many of
these correlations.

Reports

Castle, R. 0., Clark, M. M., Grantz, Arthur, and Savage, J. C., 1980, Tectonic
state: its significance and characterization in the assessment of seismic

effects associated with reservoir impounding: Engineering Geology, v. 15,
p. 53-103.
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Anchorage-Susitna Lowlands Earthquake Hazards Mapping
9310-02078

O. J. Ferrians, Jr.
Branch of Alaskan Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111, ext. 2247

Investigations

1. Continued surficial/engineering geologic mapping and Quaternary
stratigraphic studies.

2. Continued collection and synthesis of subsurface engineering
soils data.

3. Continued monitoring slope indicator casings in the Anchorage
area at the buttress of the 4th Avenue landslide, and near the
"L" Street, Turnagain Arm, and Government Hill landslides. Many
of these casings were installed soon after the 1964 Alaskan
earthquake, but a few have been installed within the last two
years.

Results

1. Completed preliminary surficial/engineering geologic maps of
part of the study area.

2. Obtained logs and soils analyses from boreholes. These data,
obtained from private, state, and federal organizations, have
been catalogued in a card file and currently are being synthe-
sized.

3. Completed synthesis of subsurface engineering soils data
from the Government Hill area of Anchorage, and prepared report
presenting systematic geologic descriptions of the Bootlegger
Cove Clay unit, facies changes, and engineering characteristics.
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Compilation of Regional Geological and
Seismic Site Characteristics

9940-02087

J. F. Gibbs
Branch of Ground Motion and Faulting
U. S. Geological Survey
345 Middlefiela Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, Ext. 2030

Investigations

1. Investigate dependencies of measured site amplification, observed 1906
earthquake intensities, and physical properties of near surface geologic
units on downhole velocity and geologic logs, to develop generalized guide-
lines for predicting earthquake ground motions on a regional scale.

2. Collect seismic velocity data, physical property data, and geologic
data in drill holes to develop an improved data base for seismic zonation
of the metropolitan Los Angeles Basin.

3. Provide site characteristics (shear and compressional wave velocities,
geologic logs, etc.) at locations of important strong motion records.

Results

1. Measurements of shear-wave velocities in the San Francisco Bay region
were used to differentiate geologic units into groups with similar seismic
velocities. This is a preliminary step to producing a map with zones
depicting similar near surface earthquake response characteristics. The
preliminary work is being done using a new combined geologic map of San
Mateo County, California (Brabb, et al., in press).

2. An additional 19 locations have been logged for seismic velocities in
the Los Angeles region. This brings the total number of locations logged

in this region to 46.

3. Five holes (located in Santa Clara Valley, Calif.) were logged for
seismic velocities at locations where strong ground motion was recorded
from the August 6, 1979 Coyote Lake earthquake. Average shear-wave
velocities of the upper 30 meters range from 1090 m/sec in bedrock near
Gavilan College to 220 m/sec in alluvium near San Ysidro School. Average
compressional-wave velocities range from 1490 m/sec to 960 m/sec at the
same sites.

Report
Gibbs, J. F., Fumal, T. E., and Roth, E. F., 1980, In-situ measurements of

seismic velocity at 27 locations in the Los Angeles, California
region: U. S. Geological Survey Open-File Report 80-378, 167 p.
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Earthquake Hazards Puget Sound Region Washington
9540-02197

Howard D. Gower
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, CA 94025
(415) 323-8111 x 2352

Investigations

1. A 1:250,000 scale seismotectonic map of the Puget Sound Region is nearing
completion.

2. Preparation of the bedrock geologic map of the Seattle 1:100,000 scale
sheet is nearing completion.

3. A geologic and tectonic map of the Port Townsend area is nearing
completion.

4, Bedrock geologic mapping of the Clear Lake Southwest Orthophoto quadrangle
is underway as part of the compilation of the bedrock geologic map of the Port
Townsend 1:100,00 scale sheet.

5. Compilation and analysis of the subsurface geologic data in the Seattle
south and eastern half of the Duwamish Head 7 1/2' quadrangles has been
completed, leading to production of a seismic ground response map of those
quadrangles, which are in preparation.

6. Near-surface (<50 m) subsurface data is being compiled for purposes of
producing a liquefaction susceptibility map of the Seattle south and eastern
half of the Duwamish Head 7 1/2' quadrangles.

7. Compilation of subsurface data from the Bremerton east and Bremerton west
7 1/2' quadrangles has begun for purposes of extending seismic ground response
techniques developed in the Seattle region to a new area. A limited amount of
geologic mapping of Quaternary deposits in the Bremerton area has been done in
order to upgrade the available smaller scale (1:48,000 and 1:60,000) published
maps of the Bremerton area.

Results

1. Analysis of magnetic and regional gravity anomalies, subsurface well data
and marine seismic refraction profiles indicate possible Holocene movement on
a large northwest trending inferred fault on southern Widbey Island and the
eastern Strait of Juan de Fuca.

2. Numerous faults displacing late Pleistocene to Holocene deposits in the
eastern Strait of Juan de Fuca were identified by detailed study of marine
seismic reflection profiles. An open-file report describing the results of
this study is under preparation.
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3. An empirical relationship between ground response during the 1965 Seattle
Earthquake (M = 6.5) and the position of the bedrock surface relative to
Quaternary units with abnormally low standard penetration values has been
established in the Seattle area. Ground response was relatively severe where
underlying low resistance artificial fill, Holocene alluvium or preglacial
outwash sand occurred less then 100 meters stratigraphically above the
Tertiary bedrock surface. This relationship provides a basis for a
preliminary seismic ground response zonation of the Seattle region, by
preparing maps of the subsurface distribution of low resistance Quaternary
units, and super-imposing these distributions on a map of bedrock surface
configuration.

Reports

Whetten, J. T., Dethier, D. P., Carroll, P. R., 1980, Preliminary geologic map
of the Clear Lake NW quadrangle, Skagit County, Washington: U.S.
Geological Survey Open-File Report 80-247.

Dethier, D. P., Whetten, J. T., and Carroll, P. R., 1980, Preliminary geologic
map of the Clear Lake SE quadrnagle Skagit County, Washington: U.S.
Geological Survey Open-File Report 80-303.
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Ground Response, Salt Lake City, Utah Region
9940-01919

W. W. Hays
Office of Earthquake Studies
U.S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-4029

Investigations

1. During the past six months, first priority has been given to completing
the processing of the broadband nuclear-explosion ground-motion data
recorded in Salt Lake City, Provo, Ogden, Logan, and Cedar City and
checking the data for errors. The hybrid computer was unavailable during
this period of time so alternate procedures were developed using the
Multics. In some cases, data had to be reprocessed in order to correct
errors. Data processing is now about 90% complete. The total data sample
includes: (1) 66 time histories and spectra for 8 events recorded at 40
sites in the Salt Lake City area, (2) 11 time histories and spectra for 1
event recorded at 11 sites in the Provo area, (3) 15 time histories and
spectra for 2 events recorded at 13 sites in the Ogden area, (4) 5 time
histories and spectra for 1 event recorded at 5 sites in the Logan area,
and (5) 12 time histories and spectra recorded from 2 events at 10 sites in
the Cedar City area.

Results

1. Horizontal site transfer functions are being derived from the
horizontal component response spectra and used to define the horizontal
ground response in each urban area. These data are being correlated with
the surficial geology to explain the local variations in ground motion.

ReEorts

Hays, W. W., 1980, Procedures for estimating earthquake ground motions:
U.S. Geological Survey Professional Paper 1114, 77 p.

Hays, W. W., Miller, R. D., and King, K. W., 1980, Ground response in the
Salt Lake City-Ogden-Provo Urban Corridor: Proceedings of World Con-
ference on Earthquake Engineering, VII, Ankara, Turkey (in press) 8 p.

King, K. W., Hays, W. W., Miller, R. D., and Hamilton, L. A., 1980, Prelim-
inary.evaluation of ground response along the Wasatch front (abs.):
Seismological Society of America, Seattle, Washington.

Miller, R. D., Hays, W. W., and King, K. W., 1980, Geology and ground

response: Provo, Salt Lake City, and Ogaen area, Utah (abs.):
Geological Society of America, Ogden, Utah.
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Neotectonics of the San Francisco Bay Region, California
9540-01950

Darrell G. Herd
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, ext. 2951

Investigations

1. At the request of Robert Page, Program Coordinator, Earthquake Hazards Reduction
Program, a field investigation of the December 12, 1979 magnitude "8 earthquake
near Tumaco, Colombia, was made. The investigative team included T. Leslie
Youd of the Engineering Geology Branch (Project No. 9550-01629, Experimental
Mapping of Liquefaction Potential), and members of the Colombian Instituto Nacional
de Investigaciones GeolSgico-Mineras. Coastal southwestern Colombia and northern
Ecuador were strongly shaken by the earthquake, largest in that part of South
America since 1942. Building damage, ground failure and liquefaction, and tectonic
elevational changes accompanying the earthquake were examined.

2. A study of the earthquake ground acceleration hazard in the San Francisco Bay
region was continued with R. K. McGuire and K. M. Shedlock of the Branch of
Earthquake Tectonics and Risk (Project No. 9950-01733, Methodologies for Seis-
mic Risk Assessment). The size and frequency of earthquakes on the principal
recently active faults in the central Coast Ranges of California were evaluated
to calculate future ground shaking intensity.

3. A summary review of the geometry, age, and origin of faults at the General Electric
Test Reactor site at Vallecitos Nuclear Center, Pleasanton, California, was
prepared for the Nuclear Regulatory Commission. The reactor was closed in
1977 by the NRC.

4. A map synthesis (scale 1:250,000) of recently active faults and seismicity
(1969-1974) in the greater San Francisco Bay region was begun with W. L. Ells-
worth, Branch of Seismology (Project No. 9930-02103, Seismic Studies of Fault
Mechanics).

Results

1. At approximately 3 a.m. (local time) on December 12, 1979, Colombia and Ecuador
were shaken by a major earthquake located just offshore and southwest of Tumaco,
Colombia. Thrust faulting occurred on a roughly rectangular patch (270 km x
130 km) of the subduction zone dipping eastward beneath coastal Colombia.

A 240-km stretch of the Colombian Pacific coast tectonically subsided up to
1.6 m; conversely, uplift occurred offshore on the continental slope. Movement
of the ocean floor triggered a tsunami which swept inland immediately after
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the earthquake, crashing into several coastal villages. Ground shaking (inten-
sity VI-IX) wracked or collapsed many buildings, and generated liquefaction in
fills and in late Holocene beach, lagunal, and fluvial deposits, up to 50 km in-
land.

2. Annual activity rates (number of M>5 events per year) were calculated for
the principal recently active faults in the central Coast Ranges of California.
The rates were derived from geologically determined slip rates for the faults
and seismic moment calculations. The rates suggest that M>5 earthquakes
occur on the San Francisco Peninsula part of the San Andreas fault on an average
of every 60 years, but as frequently as every 20 years, for example, on the
Calaveras and Hayward faults.

Reports

Published:

Herd, D. G., and Brabb, E. E., 1979, Evidence for tectonic movement on the Las
Positas fault, Alameda County, California: U.S. Geological Survey Open-file
Report 79-1658, 7 p.

, 1980, Faults at the General Electric Test Reactor site, Vallecitos

Nuclear Center, Pleasanton, California: U.S. Geological Survey Administrative
Report, 77 p.

Herd, D. G., McLaughlin, R. J., Sarna-Wojcicki, A. M., Clark, M. M., Lee, W. H. K.,
Sharp, R. V., Sorg, D. H., Stuart, W. D., Harsh, P. W., and Mark, R. K.,
1979, Surface faulting accompanying the August 6, 1979 Coyote Lake earthquake
(abs.): EO0S, v. 60, no. 46, p. 890.

Lee, W. H. K., Herd, D. G., Cagnetti, V., Bakun, W. H., and Rapport, A., 1979,
A preliminary study of the Coyote Lake, California earthquake of August 6, 1979
and its major aftershocks (abs.): EO0S, v. 60, no. 46, p. 889.

Director's Approval:

Herd, D. G., Youd, T. L., Meyer, Hansjurgen, Arango C., J.. L., Person, W. J., and
Mendoza, Carlos, 1980, Tumaco, Colombia earthquake (M.8) of 12 December 1979:
Submitted to Science.

Herd, D. G., Youd, T. L., Person, W. J., Arango, J. L., and Meyer, H., 1980,
The Tumaco, Colombia earthquake of December 12, 1979 (abs.): Submitted
to the Seismological Society of America, Seattle, Washington, meeting
(April 23-25, 1980).
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Sonoran Earthquake of 1887
Earthquake Tectonics of Southern Arizona, Sonora, and Chihuahua

9540-02685

Darrell G. Herd
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road, MS 75
Menlo Park, California 94025
(415) 323-8111, ext. 2951

Investigations

1.

Stereo aerial photographs (scale 1:50,000) of northern Sonora and Chihuahua
(purchased from the Direccidn General de Estudios del Territorio Nacional,

Mexico City) were examined to prepare a preliminary map of the Sonoran earthquake
rupture of 1887. A search was made for older recently active breaks adjacent

to the 1887 rupture, and for geologically young faults in neighboring valleys.

A preliminary interpretation of the tectonics of the Sonoran earthquake was
attempted, comparing the fault's geologic setting to that of Basin-and-Range
faults and the neighboring Rio Grande Rift.

3. A reconnaissance field investigation of the 1887 rupture is planned for May-June
1980.

Results

1. The Sonoran earthquake rupture of 1887 bounds part of the east side of San

Bernardino Valley, at the foot of the Sierra de San Luis, about 40 km southeast

of Douglas, Arizona. The rupture extends southward about 45 km from Arroyo

Cajdén Bonito (about 15 km south of the U.S. border) to the end of San Bernardino
Valley, just east of Colonia Morelos. The rupture consists of a line of

en echelon, locally branching, west-facing scarps in late Pleistocene and Holocene
alluvium or older Tertiary volcanics. The throw locally varies along the

length of the scarp, exceeding several meters in numerous localities. Movement
was normal in character, west side down.

The Sonoran earthquake rupture occurred within a larger zone of recently

active faults which extend along the east side of San Bernardino Valley from
almost to the border south to the end of the valley. The zone lies generally

at the foot of the battered, faceted west face of the Sierra de San Luis, but
locally departs from it. The zone is paralleled to the west about 7 km by a
second line of en echelon (left-stepping) recently active faults that extends
southward approximately 30 km from Arroyo de los Embudos to Arroyo de La Cabellera,
where it joins the main fault. The faults differentially displace a number of
late Quaternary alluvial fans; several breaks appear more eroded than others.

A history of repeated fault movements before 1887 is indicated.
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A small line (about 4 km in length) of eroded, east-facing scarps in late
Quaternary alluvium occurs opposite the 1887 rupture, on the west side of San
Bernardino Valley just south of the U.S. border. The existence of the opposing
normal faults indicates that San Bernardino Valley is a graben, rather than

a typical Basin-and-Range valley, where recent faulting occurs generally on
only one side of the valley. Locally the valley is filled by basalt which
flowed southward from the Bernardino volcanic field at the north end of San
Bernardino Valley. Flows in the field range in age from 0.2 to 3.2 m.y. in

age (Luedke and Smith, 1978).

The graben structure of the valley and its recent basaltic volcanism suggest
that San Bernardino Valley is a small rift, perhaps related to the larger
Rio Grande Rift, 175 km to the east.

In the next valley west of San Bernardino Valley, south of Douglas, Arizona,
and Agua Prieta, Sonora, a previously unreported line of recently active
faults occurs along the east side of Sulphur Springs Valley. The relationship
of this zone of west-facing scarps with other recently active faults in

the northern Sulphur Springs Valley (within the United States) is not yet
resolved.

Although Goodfellow (1888) reported that he had been told that there was
a duplicate fault to the 1887 rupture on the east side (Chihuahua) of the
Sierra de San Luis, no recently active break is evident in the aerial
photographs of the area.

94



H3

Puget Sound Lowland Focused Geophysical Studies
9460-71110

Mark L. Holmes
Branch of Pacific-Arctic Marine Geology
U.S. Geological Survey
1107 N.E. 45th, Suite 110
Seattle, Washington 98105
(206) 442-1995

Investigations

1. The marine field work for the central Puget Sound segment of this
project was carried out in February and March aboard the USGS RV DON J.
MILLER (Fig. 1). A total of 175 kilometers of gravity profiles and 150
kilometers of single channel (40 cubic inch air gun) seismic reflection
tracks were run. Sixteen air gun-sonobuoy refraction lines were shot
using a 148 cubic inch air gun. These data were obtained in Lake Wash-
ington and from Puget Sound north and south of the Seattle gravity minimum.

Results

1. Several problems were encountered during the field work which affected
the geophysical data quality (and quantity). Two of the local television
stations operate at frequencies close to those of the sonobuoys; the
resulting RF interference prevented reception of data over distances
exceeding two kilometers. This problem was eventually solved by modifying
normal sonobuoy procedures and employing a second vessel to act as a
recording boat. The standard high gain yagi antenna was discarded in
favor of a simple wire, and the recording vessel kept station within 75
meters of the moored sonobuoy during shooting in order to minimize the
telemetry path link from sonobuoy to receiver. Two other problems about
which little could be done were unusually bad weather and the high ambient
noise level (in the siesmic band) due to shipping and industrial activity.

2. The seismic data have not yet been analyzed in detail. The refraction
records were examined as they were collected in order to determine the
approximate depth and velocity of the deepest refractor. In Lake Washington
and Puget Sound north of the steep gravity gradient a 3.0-3.1 km/sec
refractor can be seen at a subsurface depth of about 1.0-1.5 km. South of
the gravity gradient the sonobuoy profiles show a 5.3 km/sec layer at an
approximate depth of 1.0 km. Although the interval velocities in the
sections above these layers have not yet been calculated, the differences
in velocity and apparent depth suggest the existence of a west-trending
fault in the vicinity of the steep gravity gradient. The high velocity
south of the gradient probably represents Tertiary volcanics (basalt and
gabbro) known to exist in the subsurface in southern Puget Sound.

95



H3

3. Preliminary results from the marine gravity work indicate that the
gradient along the southern side of the Seattle gravity minimum is steeper
than a simple extrapolation of the land data would suggest; the western
""nose'' of the gravity minimum itself is also steepened. Preliminary
calculations indicate a basement offset (down to the north) of about 6 km
across the gravity gradient. This is only half of the displacement
proposed by previous investigators. Subsurface density approximations
based on results from the refraction survey will be used in conjunction
with the revised gravity anomaly map and seismicity data to model the
structure beneath the gravity gradient and the Seattle gravity minimum.
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Tectonics of Central and Northern California
9950-01290

William P. Irwin
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025

Investigations

Most of the work conducted under this project in this report period was the
study of the tectonic setting of carbon dioxide discharges and their relation
to zones of seismicity.

Results

The distribution of CO,-rich natural springs is generally along major zones of
seismicity, both worldwide and on a regional scale, based on earlier studies
in collaboration with Ivan Barnes of Water Resources Division. These studies
have continued by examining the tectonic setting in more detail, not only for
the COp-rich springs, but also for COy-rich wells that were drilled for
hydrocarbon gas or petroleum. As part of this work, a map showing the
tectonic setting of COp-rich springs and gas wells in the conterminous United
States has been prepared at a scale of 1:2,500,000.

Worldwide, the COp-rich springs are mainly along young orogenic belts such as
those of the alpine belt of the Mediterranean and Middle East regions and of
the circum-Pacific belt. CO,-rich springs are rare in older orogenic belts
such as the Caledonides and Urals. They also are uncommon in the tectonically
stable cratonal regions of continents, except where the cratons are being
actively rifted.

In the conterminous United States, the COz—rich springs follow the same
pattern as on the global scale. They are abundant in the Cordilleran orogenic
region of the western United States, particularly along the tectonically
active and highly seismic Pacific coastal region (fig. 1). In the relatively
old Appalachian orogenic belt of the eastern United States, COy-rich springs
are extremely rare, being known only at Saratoga Springs, New York. In the
broad cratonal region, the COp-rich springs are restricted to the western part
where they are associlated with a system of extensional faults that include the
Rio Grande rift.

0f more than 10,000 published analyses of gas from oil and gas wells in the
conterminous United States, approximately 100 are of gas consisting of 50
percent or more CO,. Nearly all of these extraordinarily CO,-rich gas wells
are in platform deposits that lie on the cratonal Precambrian basement. Their
distribution is similar to that of the few CO,-rich springs found in the
cratonal region, by virtue of their restriction to the actively fragmenting
western part.
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In some instances the source of the CO, in the spring or well can be
identified by isotopic analysis of the carbon, but these data are available
for only a few locations. Three different sources have been identified for
COp-rich springs of the Pacific Coast region. For example, carbon from the
mantle issues from some of the springs of the Sierra Nevada and along the San
Andreas fault. (O, issuing from Franciscan terrane of the California Coast
Ranges is a product of metamorphism of marine carbonate material at some
localities, and of the breakdown of organic material at others. The presence
of abundant 002 in gas wells of the western part of the craton is commonly
attributed to thermal metamorphism of platform carbonate strata by young
intrusive and volcanic rocks. However, published isotopic analyses of the CO,
from two of these wells in northeastern New Mexico and two in southeastern
Utah indicate a mantle origin.

Reports

Irwin, W. P., 1979, Ophiolitic terranes of part of the western United States,
in International Atlas of Ophiolites: Geological Society of America Map
and Chart Series MC-33, Sheet l, scale 1:2,500,000, with text, 16 p.

Barnes, Ivan, and Irwin, W. P., 1980, Carbon dioxide discharges and seismicity
throughout the world (abs.): International Geological Congress, 26th
Meeting, Paris, in press.

Irwin, W. P., and Barnes, Ivan, 1980, Tectonic relations of carbon dioxide

discharges and earthquakes (abs.): EOS, v. 61, no. 7, p. 87: full paper
in press, Journal of Geophysical Research.
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A New Method of Alluvial Age Dating Based on H3
Progressive Weathering, with Application to the
Time-History of Fault Activity in Southern California

14-08-0001-17760
Barclay Kamb and Richard Crook, Jr.

Division of Geological and Planetary Sciences
California Institute of Technology
Pasadena, California 91125

(213)795-6811

Investigations

1. Continued systematic application of the CSV (clast sound-velocity)
method to alluvial deposits along the Sierra Madre fault zone was pursued,
with expansion of the area covered.

2. Several sites in the oldest alluvial unit were sampled for paleomagnetic
measurements to provide an age constraint on this unit.

3. A detailed CSV examination of several individual clasts was carried out
to better understand the effects of clast weathering on the CSV method.

4. A short CSV study of glacial moraines on the east side of the Sierra
Nevada was conducted to test the wider applicability of the CSV method to
faulted Quaternary deposits in a cliamtically different situation.

Results

1. Using the standardized CSV method as discussed in the semi-annual
report, 41 sample groups of Mt.-Lowe-Granodiorite clasts from alluvial deposits
representing at least four distinct age groups (Crook and others, 1979) were
tested to obtain the mean CSV values for each group. Table 1 shows the group
means and estimated standard deviations of the means. All four age-group means
are distinguishable from each other at the 95% confidence level or higher, based
one a one-tailed t-test.

Although the Qalj; and Qalj groups are statistically distinguishable, they
are thought to be no more than 11,000 years apart in age. Consequently it is
not unexpected that some of the individual Qal, groups (Cy, and E2) yield mean
velocities that are nearly the same as those of the Qal; group. Of greater
concern is the fact that two sample groups from presumed Qalj age deposits
(C3¢ and C3p) in Eaton Canyon yield mean velocities comparable to Qal; groups.
This apparent reversal is as yet unexplained but may involve faulting. Three
sample groups from Qal, age deposits (D4a’ D4p, and F,, ) give anomalously low
CSV values. This result suggests that the alluvial deposits from which these
samples were obtained are distinctly older than Qal,; if valid, this would
indicate the existence of an alluvial unit that in our terminology should be
designated Qa15. W. Bull has in fact found evidence in San Gabriel Canyon for
the existence of such an older alluvial unit. Near Eaton Canyon we have found
an older alluvial unit underlying Qal, beneath an erosion surface (Crook and
others, 1979, p. 18), but have been unable to apply the CSV method to it because
it contains no coarse clasts.

The 43 localities sampled to date lie in several different drainages, spread
across a distance of 40 kilometers. The general consistency among CSV results
from this large area is impressive and suggests that the method is a useful tool
for age-correlation and eventually for dating of Quaternary deposits.
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2. In an effort to obtain absolute-age information with which to calibrate
the relative ages obtained with the CSV method, we undertook to test the possi-
bility that portions of the Qal, unit may be old enough to contain the Brunhes-
Matuyama polarity reversal. We obtained oriented samples for paleomagnetic
polarity determination from five outcrop localities of this unit. Four
localities showed normal magnetization. The sample from the fifth locality,
in Monrovia, below one of the strongest developed soils, showed a trend toward
reversed magnetization when taken through thermal demagnetization up to 400°cC.
Technical problems witg temperature control prevented a final thermal demag-
netization step at 500 C. This will be corrected with a new thermocouple and
several more samples will be collected and run to establish whether or not a
magnetic reversal is in fact present.

3. Analysis of all CSV results obtained to date indicates that there is
a correlation between clast size and CSV, larger clasts tending to yield
higher sound velocities. 1In an effort to determine the cause of this effect,
several clasts of different sizes and from deposits of different ages were
tested. P-wave velocities were determined for the outer surface and through
each clast and compared. The results are shown in Table 2. This data suggests
that when a clast is from a young enough deposit to have a weathering rind,
the difference in velocity for surface layer and center influences the overall
CSV velocity obtained if the clast is large enough to allow the refracted
P-wave to arrive before the surface P-wave. This difference seems to disappear
with older clasts. Care must therefore be taken to standardize the clast sizes
used in applying the CSV method.

4. A test of the CSV method was carried out on Pleistocene glacial moraines
on the east side of the Sierra Nevada, in the thesis area of graduate student
Alan Gillespie. The moraines tested are located in the Independence Creek and
South Fork Oak Creek drainages. For each geomorphologically distinct moraine,
CSV measurements were made on clasts from one to three localities, 20 clasts
being sampled at each locality. Preliminary results show that in both drainages
three distinctly different age deposits can be distinguished at the 907 or
greater confidence level based on a one-tailed t-test. The data collected
in Independence Creek suggested an error in previous mapping which in fact was
later substantiated. This study suggests that the CSV method is a versatile
and powerful tool that may have many applications for relative age dating of
clast-bearing Quaternary sediments.

Reports

Crook, R., Jr., Allen, C. R., Kamb, B., Payne, C. M., Proctor, R. J. (1979)
Quaternary geology and seismic hazard of the Sierra Madre and associated faults,
western San Gabriel Mountains, California: submitted for publication to U.S5.G.S.
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Table 1

CSV DATA FOR MT. LOWE GRANODIORITE CLASTS FROM ALLUVIAL DEPOSITS IN ARROYO
SECO, BIG TUJUNGA CANYON, EATON CANYON, MILLARD CANYON, MONROVIA CANYON,
SAN GABRIEL CANYON, AND SANTA ANITA CANYON, LOS ANGELES COUNTY, CALIFORNIA

A: sample groups from Arroyo Seco drainage
B: sample groups from Big Tujunga Canyon drainage
C: sample groups from Eaton Canyon drainage
D: sample groups from Millard Canyon drainage
E: sample groups from Monrovia Canyon drainage
F: sample groups from San Gabriel Canyon drainage
G: sample groups from Santa Anita Canyon drainage
Mean CSV s.d. of mean
Age group Sample group (km/sec) (km/sec) No. of clasts
Qal A1 2.13 11 22
(youngest) a
y Ay 2.03 .10 20
Bl 2,03 .08 20
C1 2.10 .07 25
Dl 2.01 .08 20
Fl 2.05 .08 20
Gl 2.12 .12 21
Combined:
A1a+Alb+Bl+Cl+Dl+Fl+Gl 2.07 .03 148
Qal2 AZa 1.90 .08 17
A2b 1.84 .09 20
A 1.84 .08 20
2c
o 2.01 .12 11
2a
C2b 1.97 .07 35
E2 2.04 11 20
F2 1.89 .10 21
Combined:
A2a+A2b+A2c+C2a+C2b+E2+F2 1.93 .03 144
Qal3 A3a 1.68 .09 20
A3b 1.65 .08 20
A 1.62 .07 22
3c
Bé 1.81 .08 20
C 1.60 .11 20
3a
C3b 1.70 .09 24
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Table 1 continued
Age group

Qal3 (cont.)

Combined:
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.66
.74
.72
.09
.83
.03
.88
.79
.68
.68

.76

.30
.26
.35
.25
.50
.46
.24
44
.13
.12
.34
.07
.42

.30

s.d. of mean
(km/sec)

.09
.08
.13
.10
.12
.09
.04
.09
.08
.13

.03

.07
.06
.08
.13
.06
.15
11
.10
.08
.07
.13
.08
.10

.03

No.

H3

of clasts

24
20
20
20
20
20
20
20
21
22

329

20
23
24
18
18
20
20
20
20
17
20
20
17

257
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CSV DATA ON INDIVIDUAL CLASTS OF DIFFERENT SIZES
AND FROM DEPOSITS OF DIFFERENT AGES

clast size
>30 cm

Qal2 (youngest)

Qal3

Qala (oldest)

clast size
<20 cm

Qal2

Qal3

body velocity

(km/sec)
2.72
2.11

2.32

2.73

2.09

105

surface velocity
(km/sec)

2.22
1.75

2.31

1.95

2.00

difference
(km/sec)

.50
.36

.01

.78

.09
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Alaska Seismic Studies
9940-01162

John C. Lahr
Branch of Ground Motion and Faulting
U.S. Geological Survey
345 Middlefield Road, M/S 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2510

Investigations

1. Seismic data are collected and analyzed from a network of stations
extending from western Cook Inlet to eastern Prince William Sound and as
far north as the Talkeetna Mountains. This data establishes an important
base of information for the study of the tectonic deformation, the
potential for moderate-to-large earthquakes, and the nature of strong
ground motion in southern Alaska.

2. With funding from NOAA's Quter Continental Shelf Environmental
Assessment Program (OCSEAP) seismic stations are operated from the
Cordova-Hinchenbrook-Montague area on the west to Yakutat Bay-Harlequin
Lake on the east. The northern limit of these stations is approximately
100 km from the Gulf of Alaska. Data obtained from this network are
particularly important for establishing criterion for safe 0il development
on the shelf.

3. Carry out long-term seismic and crustal deformation studies in the
Kayak Island-Yakutat seismic gap area in order to document premonitory
earthquake phenomena prior to large-to-moderate earthquakes.

Results

1. Preliminary locations have been completed for 1303 earthquakes that
occurred during October-December 1979, and about 450 events that occurred
during January 1980. These numbers represent an increase by a factor of at
least 4 in the number of events that are processed for a particular time
period. Most of the events are aftershocks from the St. Elias earthquake
of 28 February 1979. Recent changes implemented in the procedures for
earthquake processing have increased the efficiency of individual data
processors by a factor of 2, and the overall rate of data processing is now
commensurate with the rate that data is accumulating.

2. The spatial and temporal properties and magnitude distribution of the
af tershock sequence of the 28 February 1979 St. Elias, Alaska earthquake
(Mg 7.1) have been reviewed in detail for the period through March 1979.

A nearly complete seismic record exists for events with magnitudes above
3.5 starting 20 minutes after the main shock. The largest aftershock,
which was previously unreported and has a poorly determined magnitude
slightly above 5, occurred about five minutes after the main shock. The
frequency distribution of magnitudes above 3.3 has a b-value of 0.96, and
the decay with time in the frequency of large aftershocks can be adequately
described by a t-1 inverse power law.
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Epicenters of the aftershocks are non-uniformly distributed in a
70 x 90 km? zone extending southeast from the epicenter of the
mainshock. Most of the activity occurred in a cluster centered about 50 km
southeast of the epicenter of mainshock. Only a few aftershocks were
located near the epicenter of the mainshock, and there is a near absence of
activity between these events and the main cluster to the southeast.
Within the accuracy of the locations, all of the aftershocks have depths
less than 20 km. Where good depth control is available, the aftershocks
are found not to extend to the earth's surface, and in some areas may be
confined to a zone less than 6 km in thickness.

The rupture area of the main shock is estimated to be 3.2 x 103 km?
based on the distribution of aftershocks that occurred during the first
24-hour period following the main shock. The areal extent of the
aftershock zone increases significantly after that time. An estimate of
the seismic moment, My, of the St. Elias earthquake is 2.5 x 1027
dyne-cm. Using these values for the rupture area and the seismic moment,
the computed average displacement, D, for the St. Elias earthquake is about
2 meters, and the stress drop, Ag, is about 36 bars. This value of stress
drop is characteristic of values of interplate earthquakes and is
consistent with an interpretation of low-angle thrusting between the
Pacific and North American plates for the St. Elias earthquake.

Focal parameters for the St. Elias, Alaska earthquake have been
determined from regional and teleseismic data. The preferred P-wave nodal
solution is consistent with low-angle thrusting to the north-northwest,
although the strike of the preferred fault plane is poorly controlied.
Estimates of focal depth from both body-wave and surface wave analysis
range from about 10 to 20 km. The average rupture velocity is about 2.5 to
3.0 km/sec, probably to the east or southeast. The apparent stress, nd, is
5 bars.

3. A kinematic model for neotectonic deformation in southern Alaska has
been formulated from available geologic and seismic data. The purpose for
developing this model is to aid in evaluating the potential for and likely
site of a future large earthquake in the seismic gap that has been
identified between Prince William Sound and the rupture zone of the

28 February 1979 earthquake. In the model, the portion of the North
American plate bordering the Gulf of Alaska is divided into two sub-blocks
which are partially coupled to the Pacific Plate. Based on the model, the
gap-filling rupture, or ruptures, would most 1ikely be along the
north-dipping thrust faults of the Pamplona zone between Icy Bay and the
Aleutian megathrust. A single event that filled the remainder of the gap
could have a magnitude as large as 8.

4. Available data on earthquake occurrences in the region of the
aftershock zone of the 28 February 1979 St. Elias earthquake were reviewed
to study the spatial and temporal patterns prior to the main shock.

Despite limitations in completeness and uniformity of the data set, some
interesting variations have been observed. From 1974 to February 1979 this
was one of the most seismically active regions along the eastern Gulf of
Alaska. One of two prominent earthquake sequences known to have occurred
along the eastern Gulf of Alaska during this time period was located at the
southeast margin of the
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St. Elias earthquake aftershock zone. This sequence was activated by a
series of swarms that occurred within three to five months of the main
shock.

The magnitude distribution and rate of activity were reviewed for two
six-month periods that are uniformly complete above magnitude 1.8. The
first interval ended 11 months before and the second immediately before the
St. Elias earthquake. During the six months immediately prior to the
mainshock the number of events above magnitude 1.8 was 39% greater than in
the earlier six-month period. The b-value prior to the mainshock,
calculated for four three-month intervals, decreases continuously with time
from 1.36 to 0.78, while the b-value for the aftershocks is 0.96. However,
none of the pre-earthquake b-values differ from the aftershock b-value at
the 95% confidence level. These results, which suggest that prior to the
St. Elias earthquake the level of seismicity increased while the b-value
decreased need to be reviewed further to insure that there is no bias in
the data that might have produced a spurious trend. We are currently
monitoring the region between the aftershock zones of the St. Elias
earthquake and the 1964 Alaska earthquake for any changes in seismicity
that might be precursors of another large earthquake. Of particular
interest are patterns similar to those described above for the St. Elias
earthquake.

5. During the past two years the voltage-controlled-oscillator electronics
at the seismic stations in Alaska have been replaced with newly designed
A1-VCO's (Rogers and others, 1980). The new units have worked very well
and have had a low failure rate. Their crystal-controlled circuitry has
completely eliminated our frequency drift problems and the automatic
gain-range feature has increased the effective dynamic range by 20 dB. 1In
addition, daily automatic calibration signals include information on system
response, geophone sensitivity and impedance, battery voltage, temperature
and station gain setting. With the aid of the detailed report by Rogers
and others (1980) other groups could fabricate instruments with the same
design.

Reports

Fogleman, K. A., Stephens, C. D., and Lahr, J. C., 1980, Seismicity before
and after the St. Elias, Alaska earthquake of 28 February 1979,
Transactions of the American Geophysical Union, EQS, in press.

Hasegawa, H. S., Lahr, J. C., and Stephens, C. D., 1980, Fault parameters
of the St. Elias, Alaska earthquake of 28 February, 1979: submitted to
Bulletin of the Seismological Society of America.

Lahr, J. C., 1980, HYPOELLIPSE/MULTICS: A computer program for determining
local earthquake hypocentral parameters, magnitude, and first motion
pattern, U.S. Geological Survey Open-File Report 80-59, 31 p.

Lahr, J. C., 1980, SQUASH/MULTICS: A computer program to be used in

conjunction with HYPOELLIPSE to generate an augmented phase data
archive, U.S. Geological Survey Open-File Report 80-375, 11 p.

108



H3

Lahr, J. C. and Plafker, George, 1980, Holocene Pacific-North American Plate
interaction in Southern Alaska: Implications for the Yakataga seismic
gap: submitted to Geology.

Lahr, J. C. and Stephens, C. D., 1980, Seismicity patterns prior to the 28
February 1979 St. Elias, Alaska earthquake: Abstract submitted to the
Ewing Symposium on Earthquake Prediction.

Lahr, J. C., Stephens, C. D., Hasegawa, H. S. and Boatwright, John, 1980,
Alaska seismic gap only partially filled by 28 February 1979 earth-
quake, Science, v. 207, p. 1351-1353.

Lahr, J. C., Stephens, C. D., and Rogers, John, 1980, Eastern Gulf of
Alaska seismicity: Annual Report to the National Oceanic and
Atmospheric Administration for April 1, 1979 through March 31, 1980,
U.S. Geological Survey Open-File Report 80-459, 37 p.

Rogers, J. A., Maslak, S., and Lahr, J. C., 1980, A seismic electronic
system with automatic calibration and crystal reference, U.S.
Geological Survey Open-File Report 80-324, 130 p.

Stephens, C. D., Lahr, J. C., Fogleman, K. A. and Horner, R. B., 1980, The
St. Elias, Alaska earthquake of 28 February 1979: Regional recording
of aftershocks and short-term pre-earthquake seismicity, submitted to
Bulletin of the Seismological Society of America.
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Magnetostratigraphy of Sediments in the Atlantic Coastal Plain
and Pacific Coast of the United States as an Aid for Dating
Tectonic Deformation

14-08-0001-18377

Joseph C. Liddicoat
Neil D. Opdyke

Lamont-Doherty Geological Observatory
of Columbia University
Palisades, New York 10964
(914) 359-2900, Ext. 521

Investigation

1. Using the paleomagnetic polarity time scale, improve the geochronology of
Pleistocene sediments in the Delmarva Peninsula (Delaware, Maryland, Virginia).

Results

1. To help improve the geochronology of Pleistocene sediments in the
Delmarva Peninsula, we used samples from outcrop and fully oriented Shelby
tube cores for paleomagnetic analysis., The samples were from the informal
Accomack Fm and were either a.f. demagnetized (core samples) or thermally
demagnetized (outcrop samples). The samples record normal paleomagnetic
polarity and are interpreted to be Brunhes age (<0.73 m.y.).

Report

Liddicoat, J. C., and R. B, Mixon, 1980, Paleomagnetic investigation of
Pleistocene sediments in the Delmarva Peninsula, Central Atlantic
Coastal Plain: Abstracts with Programs, 1980 Northeastern Section
Meeting, Geol. Soc. Am., v, 12, no. 2, p. 70,
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Wasatch Front Surficial Geology
9550-01622

Robert D. Miller
Engineering Geology Branch
U.S. Geological Survey
Box 25046, Mail Stop 903
Denver, Colorado 80225
(303) 234-2960

Investigations

1. The purpose of the Wasateh Front Surficial Geology Project is to compile basic
information about the surficial geology of the area so that it can be used by others to
compile a microzonation map of earthquake hazards. Toward this end, surficial geologic
and physical property maps of the area are being prepared. The project area has been
separated into two segments: a northern segment that contains the urbanized portion of
the Great Salt Lake and vicinity and a southern segment that contains the urbanized part
of Provo and vicinity covered by a recently available map.

Results

The project was active for only 6 months in fiscal year 1980, during which time the
following was accomplished:

1. The surficial geologic map of the northern segment was approved as an MF map by
the Director April 1, 1980, and has been sent to the printer. The geology is shown at
1:100,000 in order to be compatible in scale with proposed publications and to be utilized
by the Utah Geological and Mineral Survey in preparing maps of surficial geology of a
larger area.

2. An open-file report of the results of laboratory analyses and engineering soil tests of
samples from five test holes in the Lake Bonneville deposits is nearing completion.
Results also will be used to evaluate susceptibility to liquefaction and in preparing the
physical properties map.

3. The surficial geology of the urbanized portion of the Provo and vicinity map, also at a
scale of 1:100,000, has been compiled from the mapping of others and adjusted to
conform to the stratigraphiec concepts used on the map of the northern portion of the
Wasatch Front. After field checking, the map will be transmitted for review in
preparation as an MF map.

4. The surficial map format includes a correlation chart that displays the differences of
stratigraphic usage between earlier concepts based on several fluctuating lakes and this
study based on field evidence of one major lake filling (Lake Bonneville) and a lowering
with pauses at conspicuous shorelines, both major and minor. This study supplements
stratigraphic studies underway by W. E. Scott (9530-02174).

5. Support of the project of W. W. Hays (9940-01919) included participation in preparing

several papers and geologic support regarding seismograph data obtained from stations on
different surficial materials along the Wasatch Front.
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Reports

Miller, R. D., 1980, Surficial geologic map along part of the Wasatch Front, Salt Lake
valley, Utah: U.S. Geological Survey Miscellaneous Field Investigations Map MF-
1198, 2 maps and pamphlet (in press).

Miller, R. D., Hays, W. W., and King, K. W., 1980, Geology and ground response—Provo,
Salt Lake City, and Ogden areas, Utah: Geological Society of America, Abstracts
with Programs, v. 12, no. 6, p. 297.

Miller, R. D., Van Horn, Richard, Scott, W. E., and Forester, R. M., 1980, Radiocarbon
date supports concept of continuous low levels of Lake Bonneville since 11,000
years B.P.: Geological Society of America, Abstracts with Programs, v. 12, no. 6,
p. 297-298.

King, K. W., Hays, W. W., Miller, R. D., and Hamilton, L. A., 1980, Preliminary
evaluation of ground response along the Wasatch front, Utah abs.: Earthquake
Notes, Seismological Society of America, v. 50, no. 4, p. 19.

Hays, W. W., Miller, R. D., and King, K. W., 1980, Ground response in the Salt Lake City-
Ogden-Provo, Utah, urban corridor: World Conference on Earthquake Engineering,
7th, Ankara, Turkey, 1980, Proceedings, 6 p., with figures (in press).

Scott, W. E., McCoy, W. D., Shroba, R. R., and Miller, R. D., 1980, New interpretations

of the late Quaternary history of Lake Bonneville, Western United States abs. :
AMQUA, Biennial Meeting, 6th, Orono, Maine, August 18-20, 1980 (in press).
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Earthquake Hazard Studies, Upper Santa Ana Valley
and Adjacent Areas, Southern California

9540-01616

D. M. Morton
Branch of Western Environmental Geology
U.S. Geological Survey
345 Middlefield Road
Menlo Park, California 94025
(415) 323-8111, Ext. 2353

_Investigations

1. Continued investigation of the Quaternary geology of the upper Santa Ana
Valley. Emphasis is now on the three dimensional distribution of the valley
fill for ground response studies.

2. Continued paleomagnetic and K-Ar dating of young basalts in southern
Mojave Desert, San Bernardino Mountains, San Gorgonio Pass, and northern
Peninsular Ranges.

3. Continued fault studies in the San Gorgonio Pass and northern upper Santa
Ana Valley.

4., Continued mapping of surficial materials of the Perris Block area.
Results

1. An age of approximately 2000 yrs B.P. was obtained from carbonaceous
material collectd from an unfaulted horizon exposed in a trench across a fault
scarp on Day Canyon. The unfaulted horizon extended about 1 m or halfway
across the main zone of faulting; it was erosionally removed across the
remaining part of the zone. This scarp is the geomorphically youngest
appearing scarp of the Cucamonga fault zone and the date suggests the last
ground rupture was prior to about 2000 yrs B.P. Based on fault scarp
morphology, this scarp was previously considered to have been formed prior to
about 800 yrs B.P.

2. A conglomerate unit mapped in the San Tuneteo Badlands contains a
distinctive basement rock assemblage thought to be derived from the central
San Bernardino Mountains across all recognized strands of the San Andreas
fault zone. This conglomerate appears to be offset not over 25 km right
laterally from its probable source terrain. An age of 700,000 to 1 m.y. B.P.
was determined by C. A. Repenning from a fossil fauna from this conglomerate
which places some constraint on the San Andreas in this area for this time
interval.
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Geologic Earthquake Hazards in Alaska
9310-01026

George Plafker
Branch of Alaskan Geology
U.S. Geological Survey
345 Middlefield Road, MS 17
Menlo Park, CA 94025
(415) 323-8111

Investigations

1. A study was made of uplifted shorelines in the Lynn Canal, Chatham Strait,
and Glacier Bay areas of southeastern Alaska to determine the amount and rate
of uplift since tidal bench marks were last surveyed in 1959.

2. Uplifted shorelines in Yakutat Bay were examined to determine the amount
and nature of displacements resulting from the 1899 earthquakes as well as
movement possibly resulting from pre-1899 earthquakes.

3. Marine terraces in the Icy Bay segment of the Yakataga seismic gap were
investigated to provide information on the rate and amount of Holocene uplift.

4. The meizoseismal area of the 28 February 1979 earthquake was investigated
to evaluate geologic events related to that event.

Results

1. Reconnaissance study of the broad area of regional uplift in southeastern
Alaska described by Hicks and Shofnos (1965) continues with average rates vary-
ing from 0.50 cm/yr at Salt Lake Bay, Chichagof Island, to 7.59 cm/yr at
Composite Island, Glacier Bay. Since 1959 the locus of maximum uplift has
apparently shifted from near Bartlett Cove in Glacier Bay 65 km northwestward
to the vicinity of Composite Island--a shift which may reflect the rapid degla-
ciation of this area. Another broad zone of uplift that may be tectonic in
origin is centered roughly on the Chilkat Range and has maximum uplift rates

of about 3 cm/yr since 1959. Further more detailed studies are planned for
1980 to better define the uplift pattern in southeastern Alaska.

2. No definite pre-1899 uplifted shorelines were found that might be related
to paleoearthquakes in the Yakutat Bay area. An extensive surface reported to
be pre-1899 by Tarr and Martin (1911) along the east side of Yakutat Bay in
the Logan Beach area has an even stand forest on it whose age is compatible
with uplift in 1899. Elevation measurements suggest broad upwarp of that
surface, rather than the highly irregular fault-bounded blocks, including local
areas of submergence, as mapped by Tarr and Martin.

3. In the Icy Cape area there are three well-defined continuous Holocene

marine terraces with beach angles at roughly 50-70', 100-120' and 200-240' that
are cut into Pleistocene(?) fluvioglacial and beach ridge/lagoonal deposits.
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The highest terrace is locally covered by wood-bearing Holocene glacial
deposits. The lowest terrace locally is mantled with younger beach deposits
to 7' above present mean higher high water (MHHW) and marine glacial deposits
containing abundant driftwood and mollusk remains that are as much as 26.5'
above present MHHW. Radiocarbon dating of wood, peat, and shells collected
from the uplifted deposits should provide data on the emergence time-history
of the terrace sequence in the Icy Cape area.

4. Major effects of the 28 February 1979 earthquake were snow avalanching

and landslides in the foothills and central high core of the Saint Elias Moun-
tains and local ground cracks in unconsolidated deposits along the margin of
Malaspina Glacier. No surface faults were found.

Reports

Page, W. D., Alt, J. N., Cluff, L. S., and Plafker, George, 1979, Evidence for
the recurrence of large-magnitude earthquakes along the Makran coast of
Iran and Pakistan: Tectonophysics, v. 52, p. 533-547.

Carlson, P. R., Plafker, George, Bruns, T. R., and Levy, W. P., 1979, Seaward
extension of the Fairweather fault, in Johnson, K. M., and Williams,
J. R., eds., the United States Geological Survey in Alaska: Accomplish-
ments during 1978: U.S. Geological Survey Circular 804-B, p. B135-B139.

Hudson, Travis, Plafker, George, and Rubin, Meyer, 1979, Tectonism and marine
terrace development in the eastern Gulf of Alaska [abs.]: Geological
Society of America Abstracts with Programs, v. 11, no. 3, p. 85.

Hunt, Susan, Plafker, George, and Hudson, Travis, 1979, Active fault map of
Alaska: A progress report [abs.]: Geological Society of America
Abstracts with Programs, v. 11, no. 3, p. 85.

Lahr, J. C., Plafker, George, Stephens, C. D., Fogelman, K. A., and Blackford,
M. E., 1979, Interim report on the Saint Elias earthquake of 28 February
1979: U.S. Geological Survey Open-File Report 79-670, 35 p.

Plafker, George, and Campbell, R. C., 1979, The Border Ranges fault in the
Saint Elias Mountains, in Johnson, K. M., and Williams, J. R., eds.,
The United States Geological Survey in Alaska: Accomplishments during
1978: U.S. Geological Survey Circular 804-B, p. B102-B104.

Plafker, George, and Bruns, T. R., Late Cenozoic subduction--rather than
accretion--at the eastern end of the Aleutian Arc [abs., For Cenference
on Fore-arc Sedimentation and Tectonics in Modern and Ancient Subduction
Zones to be held in London, England, June 23-25, 1980].

115



H3

Seismic Zonation Studies in Los Angeles Basin

)

9940-01730

A. M. Rogers
Branch of Ground Motion and Faulting
U. S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-2869

Investigations

1. Statistical analysis of site transfer functions derived for locations
in Los Angeles.

2. Statistical analysis of the comparison between earthquake and nuclear
site transfer functions.

3. Preparation of a data report presenting all of the nuclear recordings
and computed site transfer function for Los Angeles.

Results

1. For those recording sites where multiple recordings of nuclear
explosions were made, the geometric mean site transfer function (STF) and
its standard deviation were computed as a function period. The standard
deviation ranges between 1.3 and 1.7 for all stations indicating good
repeatability of the STF.

2. In order to compare the nuclear and earthquake derived STF we computed
the ratio R = (STFgq/STFNyc), as well as the cross correlation (072)

of these two functions. These computations were carried out over four
period bands: 0.2-10.0 s, D; 0.2-0.5 s, A; 0.5-1.0 s, B; 1.0-3.3 s, C. A
total of 74 components from 26 stations were used to find R = 1.06 and

P12 = 0.29 across the entire period band (D). If the STFyyc perfectly
reproduced the STFgq, R and pj2 would each have a value of 1.0. The
hypothesis that R = 1 cannot be rejected at the 1 percent level, and the
hypothesis that p12 = 0 can be rejected at the 1 percent level. These
results indicate that while the shape of the transfer functions exhibits a
moderately good match, the mean levels of the STF from both sources are
nearly equal.

3. Over the partial period bands A, B, and C, the mean value of R are
1.18, 1.02, and 1.20, respectively, and the correlation coefficients are
equal to -0.14, -0.10, and 0.56. This result shows that there is no shape
correlation at short-periods where the STF is highly oscillatory, but there
is good correlation at long-periods. Regardless of the shape correlation,
the nuclear STF tends to reproduce the mean level of the earthquake STF.
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4, The rock site used as the base station in these comparisons was
Griffith Park Observatory. When the computations described above were
performed using CIT as the base site, it was found that the nuclear STF was
consistently higher than the earthquake STF at short-periods, and the
correlation coefficient was lower.

Reports

Rogers, A. M., Covington, P. A., and Borcherdt, R. D., 1980, A comparison of
ground response in the Los Angeles region from nuclear explosions and
the 1971 San Fernando earthquake: Seventh World Conference on
Earthquake Engineering, Istanbul, Turkey, 8 p.
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Basement Tectonic Framework Studies
San Andreas Fault System

9950-01291

Donald C. Ross
Branch of Earthquake Tectonics and Risk
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
(415) 323-8111 x2341

Investigations

1. Preparation of an Open-File geologic map and accompanying report on
basement rocks of the southernmost Sierra Nevada including new thoughts on the
Sierran "tail” and on offset problems at the west end of the Garlock fault.

2. Continued preparation'of a somewhat comprehensive report on the tectonic
framework of the metamorphic and plutonic rocks of the southernmost Sierra
Nevada.

3. Slabbing, staining, determination of specific gravity, and modal analysis
of more than 100 granitic samples collected along the Kern Canyon and
Breckenridge fault zones for correlation purposes (laboratory work by Deborah
Goaldman, San Jose State University).

Results

Geologic investigations in the southernmost Sierra Nevada suggest left-lateral
offsets on the order of 50 km near the west end of the Garlock fault based on;
1) the correlation along the fault zone of a distinctive amphibolitic gneiss
with coarse red haloed garnets; 2) the setting of fault horses of Rand Schist,
relative to their parent terrane; and 3) the presence of similar biotite
granodiorite on opposite sides of the fault (see fig.). These offset
estimates, only somewhat less than previous estimates of about 60 km of left~
lateral offset of basement units and structures in the central and eastern
parts of the fault zone, seem to pose a dilemma!

The dilemma of major movement near the end of the fault zone can be resolved
rather simply (perhaps too simply!) by having the Garlock fault merge onto the
San Andreas "Freeway"—-—after all this is California!

The north side of the Garlock fault (the Sierran block) has been much
distended and displaced relative to the more stable south side (Mojave block)
by expansion of the Basin and Range Province according to the gospel of Davis
and Burchfiel (1973). The Garlock fault does appear to merge into the San
Andreas fault; which allows the Sierran block to ride out a short distance
onto the northeast side of the San Andreas fault. Movement on the more active
plate southwest of the San Andreas fault would aid the distension of the
Sierran block as a drag effect and might also be responsible for some bending
of the Sierran “"tail”.
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The Big Pine fault, in the past (Hill and Dibblee, 1953; Davis and Burchfiel,
1973) has been considered to be a slightly offset western continuation of the
Garlock fault. If the basement relatioms I have proposed are valid, the Big
Pine fault is unrelated to the Garlock fault and the Garlock fault ends as it
dies out along the San Andreas fault zome. The two faults are in
"competition” for some distance until the westward dying out of Basin and
Range distension returns full dominance to the right-lateral San Andreas fault
system.

Reports

Ross, D. C., and McCulloch, D. S., 1979, Cross section of the southern Coast
Ranges and San Joaquin Valley from offshore of Point Sur to Madera,
California: Geological Society of America Map and Chart Series, MC-28H,
scale 1:250,000, 4 p. text.

Ross, D. C., 1980, Reconnaissance geologic map of basement rocks of the
southernmost Sierra Nevada (north to 35° 30' N.): U.S. Geological Survey
Open—File Report 80-307, scale 1:125,000, 22 p. text.
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Quaternary Stratigraphy of the Wasatch Front
9530-02174

W. E. Scott
Branch of Central Environemntal Geology
U.S. Geological Survey
Denver Federal Center, MS 913
Denver, CO 80225
(303) 234-3353

Investigations

1. W. D. McCoy, Institute of Arctic and Alpine Research, University of
Colorado, has completed amino-acid analyses of 21 samples of gastropod shells
from deposits of Lake Bonneville at localities in the eastern Bonneville basin.

2., New radiocarbon dates, amino-acid determinations, soils data, and
stratigraphic information are providing better control on the age and
magnitude of Lake Bonneville fluctuations.

Results

1. Deposits of the last three cycles of Lake Bonneville can be reliably
differentiated and correlated by measuring the extent of isoleucine
epimerization in both the free fraction and the total acid hydrolysate of
amino acids in freshwater gastropod shells (Lymnaea and Amnicola). Because
the rate of isoleucine epimerization varies between genera, each genus within
a unit has a characteristic range of alloisoleucine to isoleucine ratios. In
deposits at Little Valley, near Promontory Point, and at several localities
along the Wasatch Front where two or three exposed units are separated by
unconformities, shells exhibit the following ratios:

Lymnaea Amnicola
Lake cycle Free Hydrolysate Free Hydrolysate
last 0.15-0.24(25) 0.08-0.17(28) 0.18-0.29(16) 0.08-0.22(16)
penultimate 0.51(1) 0.26-0.27(2) 0.49-0.56(9) 0.26-0.32(8)
pre-penultimate - -(0) - -(0) 0.60-0.66(8) 0.38-0.41(8)

(n) = number of determinations

The range of ratios for either genus from a single horizon at a site is generally
less than 10 percent. The larger range of values from deposits of the last cycle
is due to the greater range in age of sampled horizons in relation to the age of
the deposits and to greater resolution with younger deposits. In fact,
significantly different ratios are obtained from transgressive deposits of the
last cycle at various altitudes and from overlying, deeper water deposits.

As this method has provided valuable and consistent relative-age information,

laboratory studies of reaction kinetics are underway to explore the possibility
of obtaining numerical ages.
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2. Recent investigations of the stratigraphy and age of Lake Bonneville
deposits have led to the following modifications of previously published

interpretations of lake-level history during the last two lake cycles
After 11,000 ya (years ago), lake fluctuations were restricted

(fig. 1).
LAST LAKE CYCLE PENULTIMATE
BONNEVILLE Bonneville Flood LAKE CYCLE
T <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>