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Southern Califormia Seismic Arrays
Contract No. 14-08-0001-21854
Clarence R. Allen

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

Investigations

This semi-annual Technical Report Summary covers the six-month period
from 1 April 1984 to 30 September 1984. The contract's purpose is the
partial support of the joint USGS-Caltech Southern California Seismographic
Network, which is also supported by other groups, as well as by direct USGS
funding of its own employees at Caltech. According to the contract, the
primary visible product will be a joint Caltech-USGS catalog of earthquakes
in the southern California region; quarterly epicenter maps and preliminary
catalogs are also required and have been submitted as due during the contract
period. About 250 preliminary catalogs are routinely distributed to
interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were located
during the period from 1 April to 22 September 1984~-8 days short of the end
of the reporting period. Some of the seismic highlights during the period
are as follows:

Number of earthquakes entered into the catalog: 8516

Number of earthquakes of M = 3.0 and greater: 151

Number of earthquakes of M = 4.0 and greater: 16

Number of shocks reported felt: 31

Largest shock within network area: M = 4.3 (7 September, 68 km northwest
of San Diego)

Smallest felt earthquake: M = 2.5 (20 April, Brea)

Number of earthquakes for which systematic telephone notification to
agencies was made: 10

This was a period of fairly usual seismic activity in southern
California, and the seismicity map (Fig. 1) looks remarkably similar to that
of the previous six months. Activity continued high in the Coso area, along
the general alignment of Kern Canyon fault, along the San Jacinto fault zone,
and in the San Gorgonio Pass area. Outside of the network area, activity
also remained high in the Coalinga and Mammoth areas
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REGIONAL SEISMIC MONITORING ALONG THE WASATCH FRONT URBAN
CORRIDOR AND ADJACENT INTERMOUNTAIN SEISMIC BELT

14-08-0001-21857

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

Investigations

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

Primary products of this USGS contract are quarterly earthquake cata-
logs and a semi-annual data submission, in magnetic-tape form, to the USGS
Data Archive. Supplemental funds were received from the USGS during FY84
for aftershock recording and special network analysis related to the Borah
Peak, Idaho, earthquake of October 1983.

Results

Figure 1 shows the ep1centers of 521 earthquakes located in the Utah
region (lat. 36.75%-42.5°N, long. 108. 73°-114.25%) during the one-year
period October 1, 1983, to September 30, 1984. The Tlargest Tlocal earth-
quake during this period was one of magnitude (ML) 4.3 on October 8, 1983,
located 3 km south of the Salt Lake International~Airport. The seismicity
sample includes nine earthquakes of magnitude 3.0 or greater and a total of
ten felt earthquakes (2.5 <M < 4.3). A seismographic bulletin published in
August 1984 by the University of Utah (Richins and others, 1984a) summar-
izes earthquake data and information for the Utah region through 1983.

A local network of portable seismographs (Richins and others, 1984b)
was established surrounding the surface rupture of the October 28, 1983
Borah Peak, Idaho earthquake within several hours after the main shock. At
least 75 sites were occupied from October 28 to November 19, 1983 in a
cooperative effort to examine the aftershock activity 1in detail by the
University of Utah, U.S. Geological Survey, Boise State University, Idaho
National Engineering Laboratory, University of Washington and the Montana
Bureau of Mines and Geology.



Figure 2 summarizes the distribution of 374 aftershocks located using
the temporary network. The aftershock zone is approximately 75 km x 15
km--elongate parallel to the surface rupture and displaced laterally to the
southwest by 5 to 10 km. There was intense clustering near the western
splay of the surface rupture. Few aftershocks were located within 6 to 10
km of the mainshock. Verticaa cross sections are generally consistent with
a moderately dipping (near 45%) fault zone except to the northwest (A-A')
where a complex distribution with depth is apparent.

A 25-station regional network (A<600 km) was calibrated using six mas-
ter events located with the dense temporary network and used to Tocate the
main shock and first 24 hours of aftershock activity. Forty-eight earth-
quakes during this time period show an epicenter pattern similar to that
defined by the activity shown in Figure 2.

The same regional network, augmented somewhat by up to 5 USGS tem-
porary telemetry stations was used by Zollweg and Richins (1984 see compan-
jon USGS research contract)) to locate activity during the period November
20, 1983, to August 22, 1984. Preliminary results define an intense clus-
ter of aftershocks, including a magnitude 5.8 shock on August 22, 1984,
10-15 km north of the aftershock zone defined for the first 3 weeks of aft-
ershock activity in October-November 1983.

Reports and Publications

Riéhins, W. D., 1984, Utah earthquake activity, October 1983 to March 1984:
Survey Notes, Utah Geological and Mineral Survey, v. 18, no. 1, p. 9.

Richins, W.D., Arabasz, W.J., Hathaway, G.M., McPherson, E., Oehmich, P.J.,
and Sells, L.L., 1984a, Earthquake Data for the Utah Region: January 1,
1981 to December 31, 1983: Special Publication, University of Utah
Seismograph Stations, Salt Lake City, 111 p.

Richins, W.D., Smith, R.B., Langer, C.J., Zollweg, J.E., King, J.J., and
Pechmann, J.C., 1984b, The 1983 Borah Peak, Idaho, earthquake: Relation-
ship of aftershocks to the mainshock, surface faulting, and regional
tectonics: Proceedings of USGS Workshop on "The Borah Peak Earthquake,"
Sun Valley, Idaho, October 1984 (includes summary of aftershock record-
ing and related network analysis funded by this contract).
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Seismic Source Mechanism Studies
In the Anza-Coyote Seismic Gap

14-08-0001-21893

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

Investigations

This report covers the progress of the research investigating the Anza-
Coyote Canyon seismic gap for the period of the first half of 1984. The
objectives of this research are: 1) To study the mechanisms and seismic
characteristics of small and moderate earthquakes, and 2) To determine if
there are premonitory changes in seismic observables preceeding small and
moderate earthquakes. This work is carried out in cooperation with Tom
Hanks, Joe Fletcher and Linda Haar, of the U.S. Geological Survey, Menlo
Park.

Network Status

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

The winter and spring of 1984 were very mild, which allowed access to
all sites for thorough testing of the VHF telemetry. The telemetry is still
sensitive to temperature variations in the transmitters and receivers. They
require retuning at periodic intervals. There were no weather related
equipment failures in the winter of 1984. The only significant modification
to the data acquisition equipment was the change of the anti-alias filter
corner frequency from 100 Hz down to 62.5 Hz.

Seismicity

In the six months of winter and spring, the Anza network recorded over
50 events which were large enough to locate and determine source parameters.
These events had moments ranging from 1 x 1018to 1.4 x 1020dyne-cm, and
stress drops ranging from about 1 to 100 bars (Brune model). The seismicity
pattern seems unchanged from what has been observed before (Figure 1). The
seismicity does not appear to be associated with the main trace of the San
Jacinto fault on the north-west end of the array. These events in this area
tend to be between the Hot Springs fault at depths of 12 to 19 km. The



events on the south-east end of the array near the trifurcation of the San
Jacinto fault also do not have any obvious associations with the identified
fault traces. These earthquakes are occurring at depths between 8 and 12 km.
The shallowest events are still occurring in the Coahuilla area.

Velocity Structure

We have constructed an improved estimate of the velocity structure in
the Anza area based on a joint hypocentral-velocity inversion originally
written by Robert Crosson. The inversion used 79 well-recorded events with
no initial station corrections. The result of the inversion was the six
layer model below:

Depth (km) Vv, (km/sec) V. (km/sec)
0-1 2.57 1.62
1-3 4,97 2.22
3-5 5.67 3.21
5-9.5 5.89 3.51

9.5-14 5.89 3.50
14-18.5 5.97 3.41

The inversion also produced station corrections which correlate very strongly
with surface geology. The stations which are associated with granitic rocks

had negative station corrections, and the stations which are associated with

sedimentary or metamorphic rocks have positive station correctionms.

Attenuation

A preliminary attempt to determine the shear wave attenuatiom properties
in the Anza area used the spectral ratio method. Values of Q for over 100
station pairs from 20 events were determined. The spectral ratios were
averaged at 20 frequencies and a value of Q was estimated for each frequency.
The apparent values ranged from Q = 100 at 5 Hz to Q = 850 at 80 Hz. A more
thorough study of this data is currently in progress to see if these
seemingly low values are consistent with other data reduction methods.



U.S. Seismic Network
9920-01899

Marvin A. Carlson
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 236-1506

Investigations

U.S. Seismicity. Data from the U.S. Seismic Network are used to obtain a

preliminary location and magnitude of significant earthquakes throughout the
United States and the world.

Results

As an operational program, the U.S. Seismic Network operated normally
throughout the report period. Data were recorded continuously in real time at
the NEIS main office in Golden, Colorado. At the present time, 100 channels
of SPZ data are being recorded at Golden on develocorder film. This includes
data telemetered to Golden via satellite from both the Alaska Tsunami Warning
Center, Palmer, Alaska, and the Pacific Tsunami Warning Center, Ewa Beach,
Hawaii. A representative number of SPZ channels are also recorded on
Helicorders to give NEIS real time monitoring capability of the more active
seismic areas of the United States. 1In addition, 15 channels of LPZ data are
recorded in real time on multiple pen Helicorders.

Data from the U.S. Seismic Network are interpreted by record analysts and the
seismic readings are entered into the NEIS data base. The data are also used
by NEIS standby personnel to monitor seismic activity in the United States and
worldwide on a real time basis, Additionally, the data are used to support
the Alaska Tsunami Warning Center and the Pacific Tsunami Warning Service. At
the present time, all earthquakes large enough to be recorded on several
stations are worked up using the "Quick Quake" program to obtain a provisional
solution as rapidly as possible. Finally, the data are used in such NEIS
publications as the "Preliminary Determination of Epicenters'" and the
"Earthquake Data Report."

Recently the National Earthquake Information Center received approval for
access to three channels of seismic data from the Southern United States
Station (SUSS) in West Texas. The data is being telemetered to Golden over an
existing data link at no additional cost to the USGS. At the present time,
data from two short period vertical channels and one long period vertical
channel are being recorded in Golden.

Objectives

The U.S. Seismic Network is an operational program as the data generated are
routinely used to support the NEIS operational requirement of timely location
and publication of earthquakes worldwide. Also, the network data directly
support the NEIS standby personnel who are responsible for locating and

9



reporting to the media, disaster agencies and other organizations, all
significant earthquakes worldwide. Thirdly, support is given to the Alaska
Tsunami Warning Center and the Pacific Tsunami Warning Service as network data
are exchanged with both organizations.

10



T-1

Seismic Hazard Investigations
in the Pacific Northwest

14-08-0001-21861
14-08-0001-21862

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

Anvestigations

1. Operation of the western Washington regional seismograph network, and
routine preliminary analysis of seismic events in western Washington

2. Analysis and interpretation of Pn observations for both eastern and
western Washington

3. Development and implementation of automated processing of seismic
events using digital network data

4, Crustal structure determination in the vicinity of Mt. St. Helens and
in the greater Puget Sound region from earthquakes and explosions recorded
digitally on the local and regional networks

5. Locations, focal mechanisms and occurrence characteristics of crustal
and subcrustal earthquakes beneath western Washington and their relation-
ship to subduction processes

6. Automated spectral analysis of digital seismic data for determination
of source parameters for local earthquakes in the Pacific Northwest

Results

1. Network operation for stations in western Washington, eastern Washing-
ton, and northern Oregon continued normally. No unusual regional earth-
quake activity was recorded outside of the Mt. St. Helens region. A new
station (OSD) which provides critical data for depth determination in the
subduction complex beneath the Olympic Peninsula was established in the
central Olympic Mts. Reconfiguration of the telemetry routes and the
installation and reinstallation of stations in the northeast part of the
Puget Sound basin is underway and scheduled for completion for autumn 1984,
An analysis of magnitude thresholds for catalog completeness was done for
the network, and will be utilized henceforth in report and catalog presen-
tations. Efforts are underway to establish a uniform data base of earth-
quake phase data for the greater western Washington region, from 1970
through the transition to digital data acquisition in 1980 to the present.
Eventually, pre-network instrumental and historic data will be merged into

11
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a uniform data base with appropriate quality indicators.

2. Results from Pn analysis reinforce the existence of significant differ-
ences in structure between eastern and western Washington. East of the
Cascade Range, Pn velocity averages 8.18 +/- 0.02 km/sec, whereas the aver-
age for western Washington is 7.77 +/- 0.02 km/sec. Anisotropy appears to
be significant east, but relatively unimportant west, of the Cascades.
Calculated Moho dip east of the Cascades, assuming no lateral change in
crustal velocity, is about 0.7 degree whereas the calculated regional dip
for the west is about 2.1 degrees in a southeasterly direction. There is
little direct evidence in the regional Pn data for Moho dip associated with
a dipping slab beneath western Washington.

3. A new algorithm for phase picking has been developed and incorporated
into an automated processing program for digital network data. In the
current configuration, feedback is provided between phase picking and loca-
tion processing to reduce the number of blunders due to noise spikes and
poor signal-to-noise ratio. An important aspect of automated processing is
making quantitative and consistent estimates of phase picking errors for
both P and S phases and coda length estimates. We are undertaking a com-
plete recalibration of our auto-processed coda duration measurements for
the purpose of improving the consistency and accuracy of local magnitude
determinations. The current version of our program is being run in a test
mode and is also being used for special studies. Use of automatic process-
ing in our routine network data analysis is feasible based on results to
date. We view these efforts as being important in the long range to
improve the quantity, quality and consistency of network data analysis. 1In
recently completed work on structure inversion, for example, we exclusively
utilized auto-picked phase data.

4., A joint P/S layered structure inversion program was developed to use
earthquake and explosion arrival times, providing additional constraint on
structure determination where high quality S arrivals are measured. The
method uses coupled P and S models, and makes use of an an independently
determined VP/VS ratio. Using the joint P/S inversion program, crustal
structure at Mt. St. Helens was inverted from both earthquake and explosion
arrival times. The incorporation of S phases offers significantly greater
stability to the modeling process than the use of P phases alone. Our
final model indicates that the P velocity in the vicinity of St. Helens
rises rapidly to about 6.1 km/sec at 1 km depth (very high shallow velo-
city) and then increases slowly in approximately a linear fashion to about
6.5 km/sec at 20 km depth. In comparison with the Puget Sound region,
higher velocities are reached at shallower depths but mid-crustal values
are somewhat lower. Using auto-picked digital data for 58 seismic events
(48 earthquakes, 10 explosions), we inverted for a coupled P and S velocity
model for the greater Puget Sound region. The final model, although simi-
lar to our previous model in the depth range from about 12 km to 30 km, has
a thinner surface layer of velocity 5.4 km/sec and a slight velocity rever-
sal in the interval 30-40 km. km. The constraint on the velocity in the
30-40 km depth range, an earthquake free zone, with our new model appears
to be better than that previously obtained. This structure inversion

12



effort is preliminary to undertaking a careful analysis of deep earthquake
seismicity.

5. Focal mechanisms for small earthquakes are commonly utilized to infer
tectonic stress directions and trajectories. In the Puget Sound region,
the volumetric distribution of earthquakes offers an excellent opportunity
to study stresses associated with subduction. Such studies provide one of
the most reliable methods to assess the degree of coupling between the
overlying North American and the subducted Juan de Fuca plates. McKenzie
(1969) has shown quantitatively how preexisting faults or fractures can
distort the interpretation of stress directions when these are based on the
common assumption of fracture of previously unbroken rock, Since there are
probably no regions of the earth's crust or upper mantle that behave as
unfractured rock, caution is required. With reasonable assumptions as to
the effect of the earth's free surface and the relative magnitudes of the
principal stresses, we can use McKenzie's results to show that substantial
error may be introduced if strike-slip earthquakes are used to determine
the P axis for the Pacific Northwest. By contrast, thrust or normal earth-
quakes should provide better estimates of the azimuth of P or T axes. We
are studying a data base of well recorded regional earthquakes in order to
test this hypothesis, and possibly reconcile varying values of P axis
azimuth estimated from northwest earthquakes. These studies of regional
tectonics are critically dependent on the data base efforts discussed in
(1) above.

6. Routines for determining seismic moment, corner frequency, and stress
drop from digital selsmic data are being tested. A synthetic source spec-
trum is fit to the amplitude density spectrum for P, S, and coda waves
corrected for instrument response and Q. All events located by the routine
processing will ultimately have source parameters determined by this pro-
cess. Periodic testing of the process is underway. Calibration of
amplitude~frequency responses of network stations is crucial to this
effort, and is ongoing.
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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 hypocenters on regional tectonics
and seismic risk.

Results

1. Relocated hypocenters for instrumentally recorded, magnitude 3.0 or
greater, earthquakes in Eastern and Central United States and adjacent Canada
have been published in a Miscellaneous Field Studies Map and accompanying
pamphlet (Dewey and Gordon, 1984). The map is at the scale and projection of
the USGS, 1:2,500,000, geologic and tectonic maps of the United States.
Professional Papers covering the Eastern United States and adjacent Canada

(J. Dewey and D. Gordon) and the central United States (D. Gordon) are in
review; these discuss in detail the relocations published in the Miscellaneous
Field Studies Map.

2. Epicenters published by Dewey and Gordon (1984) are shown in figure 1,
plotted without their confidence ellipses because of the small scale of the
figure. The epicenters show a view of the seismicity of eastern North America
at a time scale and spatial resolution that are intermediate between the long
time-scale and low resolution provided by catalogs of macroseismic epicenters
and the short time-scale and high resolution provided by catalogs from
regional microearthquake networks. Several elongated belts of epicenters are
suggested by earthquakes occurring in the time and magnitude windows of the
Dewey and Gordon catalog. A belt of epicenters extending from western Alabama
through the Panhandle of Texas (shown in fig. 1), and into southern Colorado
and northern New Mexico (not shown in fig. 1) is spatially associated with the
Amarillo-Wichita uplift, the Anadarko basin, and the Ouachita foldbelt
(Gordon, 1984). A prominent linear trend of epicenters follows the southern
Appalachians from western Alabama to western Virginia. A trend of epicenters
parallels the Ohio River Valley from western Kentucky to eastern Ohio. The
controversial "Boston-Ottawa trend" (the NW trend extending in figure 1 from
coastal New Hampshire through northeast New York into Canada), for which
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little evidence can be seen in detailed geologic and seismologic studies of
northern New England, northern New York and southern Canada, appears
prominently at the broad scale of figure 1.
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(M) Dewey, James W., and Gordon, David W., 1984, Map showing recomputed
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Central Aleutian Islands Seismic Network
and
Prediction Methodology for Subduction Zone Earthquakes,
Central Aleutian Islands

Contract No. 14-08-0001-21896 and Grant No. 14-01-0001-G-881

Carl Kisslinger and Selena Billington
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309
(303) 452-8028

Network Operations

The primary objectives of the network contract are the operation of the
Adak Seismic Network and the production of a catalogue of earthquakes in the
Adak seismic zone from the data acquired by this network. The Adak seismic
zone is defined as that portion of the Aleutian arc within which the network is
capable of providing hypocenter locations with adequate precision and accu-
racy. This zone extends from approximately 50.25°-52.25°N latitude and 175°-
178.5°W longitude. The network consists of 14 stations deployed on Adak and
nearby islands. Thirteen of these are two-component, short-period, high-gain
stations, connected by radio telemetry to the Adak Observatory; the other is a
conventional six-component earthquake station, ADK.

Network Maintenance. Maintenance of this network requires the solutions
of difficult problems of the natural environment, remoteness from our head-
quarters and difficulty of access to the individual stations even after reaching
Adak Island. After ten years of experience S.T. Morrissey, the project engineer,
has developed stations capable of operating unattended for two years, if no
extreme natural catastrophes strike. A successful maintenance trip was car-
ried out in July-August, 1984, during which all of the stations except one were
reached and serviced with the aid of a rented small craft. The station that
could not be reached by surface transport is inoperative and will remain so
until we can once again get to it by helicopter. This trip did restore some of the
coverage of the western part of the seismic zone that had been lost during 1982
through the first part of 1984.

Seismicity in the Adak zone. Earthquake locations are complete through
July, 1984. The location task has fallen behind the normal lag of three to four
weeks because of disruptions in data flow during the summer maintenance trip
and the diversion of personnel to other essential tasks. Temporary experienced
staff has been added and we expect the backlog to be eliminated by the end of
November.

The seismicity patterns in terms of the locations of concentrations of
earthquakes are not unusual during the past six months, but the continuation
of the low rate of occurrence of events in all magnitude bands is still an impor-
tant feature. We consider this seismic quiescence, which has been in progress
since September, 1982, to be a possible precursor to a major earthquake, as
discussed in the Research section of this summary.
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Research on Prediction Methodology

The research program has had two long-term goals since its inception in
1974: improved understanding of the relation of the seismic activity to local and
regional tectonics, through seismotectonic investigations; and the discovery,
documentation and explanation of phenomena indicative of the approach of the
occurrence of a large earthquake in order to make possible the prediction of
earthquakes in this subduction zone. Data provided by the Adak network are
the primary basis of these studies, but teleseismic data and theoretical
approaches have also been incorporated. This work is currently supported
urtder Grant G-881, but research under other, non-USGS support is an integral
part of the program and some of the results obtained from these other efforts
are mcluded for completeness.

Forecast of the Location of the 6May 1984 E’arthquake An earthquake, m,
5.8 (NEIS), occurred in sub-region SW2 of the Adak seismic zone on May 8, 1984.
This earthquake, the largest to occur in this part of the Adak zone since we
started work here in 1974, was located at the place which we had selected and
announced as the likely site of a strong earthquake in the indefinite but near
future. This forecast may be found, among other places, in our entry in Volume
XVII of these Technical Summaries, December, 1983, and in a letter to the Chief,
Office of Earthquakes, Volcanoes, and Engineering, U.S.G.S., January 4, 1984,
The forecast was based on our conclusion that sub-region SW2 enclosed an
asperity on the main thrust plane that had become activated in July 1980, as
evidenced by a cluster of moderate earthquakes between that time and the end
of 1983, Fig. 1 (Bowman and Kisslinger, 1985). The occurrence of the May 8
event is taken as confirmation of this interpretation, but leaves open the other
part of our forecast, that a major earthquake will occur in the Adak zone soon.

In a related study based on Adak network data but carried out with other
support, the state of stress (apparent stresses and stress drops from
microearthquakes) in SW2 and adjacent parts of the main seismic zone was
examined on the basis of the spectra of S-waves (Scherbaum and Kisslinger,
1984.) They found that the higher stress microearthquakes occurred in the
same place as the cluster of moderate events mentioned above, Fig. 2a, and the
stresses associated with these stronger microearthquakes have been increasing
steadily since the latter part of 1982, Fig. 2b. We do not yet have comparable
results for earthquakes after May 8. The gradual increase in these seismically
determined stresses began at about the same time as the overall quiescence in
the Adak seismic zone.

Quiescence in the Adak Seismic Zone. We have reported previously that a
pronounced decrease in the rate of occurrence of earthquake located by our
network started in mid-September, 1882. The decrease in the rate for the year
before and the year after this time was about 80 percent in ell magnitude
bands, as given by our Adak catalogue. In view of Habermann's discovery of a
clear quiescence that lasted for three years prior to the strong event of Febru-
ary 7 and May 2, 1971, we were led to the conclusion that this quiescence had to
be considered as a possible precursor to the next major earthquake in this
zone. The fact that no event of magnitude 7 or greater has occurred in the
neighborhood of Adak for more than 13 years lends credence to this expecta-
tion. If the 1971 scenario is followed, an event of magnitude 7 or larger should
occur within the next 12 months.

After the May 8 event, we hypothesized that another feature of 1971 might
be observed again. In that case a smaller earthquake, magnitude 8.7, occurred
east of Adak Canyon three months before (Feb. 7) the large event in Adak
Canyon {(May 2). We, therefore, announced the highly speculative outlook that a
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major event would occur in August, 1984. This did not happen, and we conclude
that the May 8 event is not related directly to the occurrence of a larger event.
However, the May 8 event did not change the observed rate of occurrence of
local earthquakes, so whatever is responsible for the quiescence had not ceased
operatmg

‘An independent check on the reality of the quiescence indicated by the
local network catalogue has been made by an examination of the rate of
occurrence of events reported in the Preliminary Determinations of Epicenters
by NEIS. The results for earthquakes with my 4.5 and greater are the most reli-
able, because the catalogue of these events is more likely to be complete than a
listing including smaller events. The average rate of occurrence during the 247
months was 0.891 events per month, or just under 11 per year. The teleseismic
data show a strong decrease in activity during October 1982 through March
1983, with an increase after that. Further analysis confirmed that much of the
teleseismic activity during the supposed quiescence occurred within SW2, the
activated sub-region. The rate of occurrence of earthquakes in the region of
study, with SW2 eliminated, with m, greater than or equal to 4.5 during the two
year period prior to September, 1982 was about 0.9 per month, during 1983 was
0.87 per month, and during 1984 has been 0.17 per month, one of the lowest
rates seen in the 20 years covered, and about the same as 1969. It is, however,
not the lowest rate ever seen, as 1975 was marked by extremely low rate of 0.1
per month. The 1975 drop in teleseisms lasted only one year and was not fol-
lowed by a large event.

The teleseismic data do not contradict the data from the local network, but
they do not provide strong confirmation. They do indicate that sharp drops in
rates of activity can last as long as one year without being precursors to strong
events. Only continued observations will tell if they can last two years or longer
and still not be followed by a major event.

Research on local and regional tectonics

Work has been completed and manuscripts are being prepared on two
seismotectonic studies: (1) the study of shallow-focus earthquakes seaward of
the main thrust zone; and (2) the search for possible precursors to the m, 5.8
June 4, 1982, Adak Canyon earthquake. No precursors to this earthquake were
found in an examination of the time-space patterns of seismicity or in the focal
mechanisms of preceding earthquakes. Spectral analyses of small events
occurring in the vicinity prior to the 1982 event are in progress.

The shallow-focus earthquakes trenchward of the main thrust zone are
infrequent occur in both spatial and temporal clusters, have thrust mechan-
isms in which the probable fault plane dips with a very shallow angle to the
northwest, and occur at depths near 17 km under a prominent bathymethric
forward rise called "Hawley Ridge". The "Hawley Ridge earthquakes" are partic-
ularly interesting in light of the seismicity pattern associated with the 1971
earthquakes discussed above: the February event occurred under Hawley Ridge,
the larger May event occurred north of the western edge of the February aft-
ershock zone. The 1982 Adak Canyon event was followed five days later by
events under Hawley Ridge at the same longitude. These sequences suggest a
correlation between events on the plate interface under Hawley Ridge and
those occurring farther north within the main thrust zone. The further
interpretation of this observation in terms of the details of failure along the
plate interface must wait for more examples, either at Adak or in other subduc-
tion zones.

20



"q¢

0Z |

861

£86L

(411 1861

L I.u | |

-.l#qﬁu

LN DL |

)
2

ALl

]

. AN €18

M £°9L1 M 9°9L1

*ayenbyires 86 1LVAO
ay) Jo uD| G2 UNNIA saunbyea Joj swmn
Jo uoroun} v se ssans juaseddy °qz suandy

‘ayunbyyres g6 1AWN9
oq} 81 N8 eyl °T Y W sINSNP oYy
19 91VIjU3dUCD BaSsAIN8 I3y aygl ‘saxenb
qUua 2US Jo sassans juareddy ‘vz aamdy

£yuadse
Y}l YA PINIO0SEY SJv 2 PUV | SIANIND)
sayunbyjvacionm are saad ‘gqd aq) Uo
$1U3aAD JO SUONEI0] JIOMIIU [Wd0] aJu sayenbs
syl °£g6T Iunp-pLET IBNINY ‘2US PpuUNCI
puw uj Ljpomusies (o QL>) Mouys T aundy

M 6°9L1

o a e

N P'IS

21

(o]
0O o N 4N 9ig
.

- 489 -¢1 0O . . 4N g8 o, ‘.
.

G or Lo .O...o..o




References

Bowman, J.R. and C. Kisslinger, 1985, Seismicity associated with a cluster of
my>4.5 earthquakes near Adak, Alaska: evidence for an asperity, Bull. Seis. Soc.
Amer., 75(1): in press.

Scherbaum, F. and C. Kisslinger, ‘1984, Variations of apparent stresses and
stress drops prior to the earthquake of 8May1984 (my 5.8) in the Adak Seismic
Zone, Bull. Seis. Soc. Amer., 74(8): in press.

Pyblications and Abstracts, April-September, 1984

Toth, T. and C. Kisslinger, 1984, Revised focal depths and velocity model for
local earthquakes in the Adak Seismic Zone, Bull. Seis. Soc. Amer., 74(4): 1348-
1360.

Billington, S., C. Kisslinger and E.R. Engdahl, 1984, Features of locally-
recorded seismicity in the central Aleutian islands (abstract), Abstracts with
Program, G.S.A. Cordilleran Section Meeting, volume 18, number 5, p. 270.

Engdahl, ER,, J. Dewey and S. Billington, 1984, Redefined spatial distribu-
tion of teleseismically recorded earthquakes in the central Aleutian islands

(abstract), Abstracts with Program, G.S.A. Cordilleran Section Meeting, volume
18, number 5, p. 282.

Scherbaum, F. and C. Kisslinger, 1984, Stress monitoring, source parame-
ters and scaling laws in the Adak region, Aleutian Islands (abstract), Earthquake
Notes, S.S.A. Eastern Section, volume 55, number 1, p. 18.

22



WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
Contract 14-08-0001-21867
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Investigations

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

Results

A. Seismic Network Operation

One of the areas of highest seismic activity since 1978 has been the area
south of the Long Valley caldera. Since this is an area inaccessible by road and
by helicopter due to its wilderness status, it has always had poor station cover-
age. One station was installed at Red Slate Mountain by the USGS in July, 1983,
but it has been out of commission for most of its existence. This summer, RSM
was repaired and five additional stations were installed in the mountain block on
foot and horseback by UNR personnel. The new UNR stations are: MGC, HTC,
PRB, STR, and HOP (see map). These stations should provide excellent horizon-
tal and vertical control for High Sierra earthquakes as well as provide the basis
from which to derive station corrections to better locate past activity. Stations
PRB, STR, and HOP were installed as temporary stations and are expected to be
de-commissioned by the coming winter snows.

At the request of John Rundle, of Sandia National Labs, we are taking over
recording of a seismometer located at the bottom of a drill hole in the northern
Long Vallcy caldcra (DHL on map). By mid-November we will be telemetering 3-
component short-period seismic signals to our central recording facility in Reno.

We have also deployed five new seismic stations at the north end of the
Owens Valley along the western flank of the White Mountains: BHP, CWC, MLN,
BCK, and POC (see map). These stations should provide data on possible
attenuation effects observed for earthquakes in the Long Valley region as well as
begin to give us data on the seismicity in the northern Owens Valley - White
Mountains region.

In the Lake Tahoe region, station SIE has been removed and two new sta-
tions have been installed. Station GBK has been deployed on the east shore of
Lake Tahoe and EMB at Emerald Bay on the southwest shore of Lake Tahoe.

In summary, the University of Nevada is currently operating 55 short-period
analog seismographic stations, four of which are multi-component. In addition
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we are recording signals from 11 USGS stations, 2 U.C. Berkeley stations, and 1
from the California Division of Water Resources. All 69 of these stations are
being recorded on analog magnetic tape at Reno as well as digitally by our on-
line system.

In addition to the analog stations, the University of Nevada operates 3
remote digital seismographic stations. The digital stations provide broad-band
(0.05-30 Hz), wide dynamic-range (96 dB) digitization of signals from a 3-
component set of seismometers, and telemeter the data to the Reno facility
where it is continuously recorded. The three stations are now operating in
mine-tunnels at Mina, Bodie, and Washoe Lake. A fourth station is to be installed
in the Las Vegas area in the near future.

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

B. On-line System

A computer-based earthquake recording system has been installed that
provides on-line event detection and digitization of the analog seismic signals
transmitted to the Reno data facility. This system facilitates analysis of large
numbers of earthquakes and will allow waveform analysis of the network data.
The on-line system commenced operation on May 11 and is triggering success-
fully on local events, regional earthquakes, teleseisms, and explosions. The
triggering algorithm has been tuned sufficiently so that false triggers are now
reduced to about 10%. We are still plagued by noise triggers during lightning
storms, due to our dependence on VHF radio telemetry, but we expect this prob-
lem to be alleviated by the installation of the microwave system. We are
currently recording 79 seismic signals and 4 time signals on the 96-channel on-
line system. For the period May 11 to August 7, 1984, we have recorded and
archived digital seismograms for 15186 seismic events. Of this number 1230
(81%) are local earthquakes. Since June 8, we have adopted a policy of locating
only earthquakes with a minimum duration of 10 seconds (which corresponds
roughly to magnitude > 1.5 Mp). Consequently, the number of earthquakes
located with the on-line system so far has been 801.

C. Data Analysis

Our carthquakc data have bcen timed and located through August 7, 1984.
Compared to past years, 1984 has so far been relatively quiescent. A few short-
duration swarms have occured in the Mammoth Lakes region, but none have
approached the intensity of swarms observed in 1979-1983. Still, Mammoth
aclivity conlinues al a high level compared lo lhe rest of Lthe weslern Greal
Basin. Of all the local earthquakes recorded by the on-line system: 83% are
located in the Mammoth Lakes region; 14% in the western Nevada region; and 3%
in the northern Sierra Nevada.
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Intraplate Neotectonics from Seismic Network and Pre-instrumental
Earthquake Data in New York-New Jersey and Surrounding Areas

USGS 14-08-0001-21876

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

Objectives: It has recently become apparent that reliable estimates of
earthquake hazard in eastern North America can only be based on an
improved understanding of the mechanism responsible for neotectonic
activity in this intraplate environment. One of the main objectives in
this project 1is to gather earthquake data on recent seismicity from
networks and on pre-instrumental earthquakes from archival sources which
are particularly significant for constraining models of neotectonics in
the northeastern U.S.

The local seismic network operated by L-DGO covers a wide region
across the Appalachians, from the platform/shield of western and north-
ern N.Y., through the foldbelt and to the crystalline overthrust terrane
of southern N.Y./N.J. It also samples prominent Mesozoic rift struc-
tures and the Cretaceous-Cenozoic passive margin., Seismic zones have
been recognized in each of these structural provinces, except the fold-
belt. The L-DGO local network offers the unique opportunity to compare
in one data set seismicity from most of the structural environments in
the eastern U.S. This opportunity is exploited in a number of detailed
studies directed at decifering active fault kinematics, source charac-
teristics (stress-drop), space-time seismicity patterns, and at compar-
ing these characteristics with characteristics of preexisting struc-
tures. This approach is inspired by the hypothesis that fundamental
characteristics of intraplate neotectonics and seismicity are controlled
to a large extent by preexisting structural features.

Methods: The strategy adopted in this project is to focus the effort in
selected areas for intense studies combining earthquake and structural
analysis. The data from the telemetered network is augmented with data
from portable seismographs for studies of recent seismicity. Archival
sources such as newspapers are searched for felt reports on pre-instru-
mental events. The relatively short data base from the reliable instru-
mental period can be substantially lengthened by systematic studies of
felt reports from newspapers, particularly along the Atlantic seaboard.
Archival data is analyzed in this project to study events of particular
interest, such as the 1884 New York City earthquake, and for decifering
the long-term pattern of seismicity in areas of particular interest,
such as Lancaster County, Pa.

Results: The topics discussed in this report reflect only the major
topics of concern during the last year, namely the seismicity in the
central Adirondacks and in the crystalline Appalachians of southeastern
Pennsylvania, the sites of the largest earthquakes in these areas in
many decades.
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The 7 October, 1983 Goodnow earthquake in the Central Adirondack
seismic zone was the largest earthquake (M, = 5.2) in New York State
in the last forty years. The fault plane solution shows reverse fault-
ing with P axes oriented NE-SW, similar to the source mechanism of
previous microearthquakes in the area. A focal depth of 12 km was
determined by the permanent New York State Network, of which the nearest
station was 20 km away. However, a preliminary analysis of teleseismic
data indicates a focal depth of 6 to 8 km. At this shallower depth, the
main shock lies within the well defined, quasi circular zone of after-
shock activity. The seismic moment determined from a few long-period
Rayleigh wave seismograms recorded at Canadian stations yields a value
of 2.5 x 1023 dyne-cm. Using this value of seismic moment and a source
radius of 0.75 km, determined from the planar fault surface defined by
the aftershock distribution, a stress drop of 140 bars is obtained.
This value of static stress drop probably represents a lower bound since
the fault area determined from the aftershock distribution is usually
over-estimated. Determination of stress drop for other recent earth-
quakes of similar size in eastern North America range from a few bars
for the 1980 Sharpsburg earthquake to hundreds of bars for the 1982 New
Brunswick event. A common problem in these estimates is the uncertainty
in the size of the rupture area. The accurate location of the Goodnow
aftershocks provides a reliable estimate of the fault area which is
unprecedented for other eastern North American events.

The Easter Sunday, 1984 Martic earthquake, centered about 10 km
south of Lancaster, Penn., was felt from NY City to Washingtomn, DC, had
a maximum intensity MM V-VI and was characterized by Myjg = 4.1. A 10
day deployment of portable instruments detected many aftershocks.
Reliable source parameters were obtained for 10 of these. The vertical
scatter of hypocenters about a depth of 4.5 km is insignificant (300
meters). Horizontally, however, the aftershocks are distributed over a
3 km long NNE zone significantly larger than the location error. The
strongest effects for a foreshock and for the main shock are reported
from the southern and northern end of that aftershock zone, respective-
ly, and may reflect the NNE length of the source. 37 first motions from
main shock and aftershocks narrowly constrain the two planes of a compo-
site double couple solution with a nearly horizontal ENE P-axis. One of
these planes strike NNE, parallel to the aftershock alignment, dips =
60° east with reverse and right lateral slip. Previous seismicity in
eastern Pennsylvania include a few recent earthquakes well constrained
instrumentally and about 10 pre-instrumental earthquakes, only half of
which were previously known. We found the rest and improved constraints
on all of them by compiling reports from contemporary newspapers. The
Lancaster area stands out as a persistent source of seismicity. The new
data indicate that the April 1984 and March 1889 earthquakes are of
similar size and are the largest known for eastern Pennsylvania. Struc-
ture associated with multiphase ductile Paleozoic deformation is at a
high angle with the surface extrapolation of the inferred April 22 fault
zone, although, on a larger scale, Paleozoic structural features seem to
control the regional distributions of seismicity. Mesozoic structural
features, on the other hand, include a Mid-Jurassic basic dike and a
possibly related brittle fault zone which are adjacent and parallel to
the April 1984 aftershock zone and may be associated with some of the
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previous earthquakes. The Lancaster Co. and the Moodus, Connecticut
sources are similar in their relationship to Mesozoic structures and
their persistency through time.

Reports

Seeber, L., E. Cranswick, J. Armbruster and N. Barstow, The Oct. 1983
Goodnow Aftershock Sequence, Regional Seismicity and Structural
Features in the Adirondacks, EOS, 65, pp. 240, April 17, 1984.

Seeber, L., J. Armbruster and G. Suarez, The April 1984 Martic,
Lancaster Co. Earthquake, Historic Seismicity and Tectonic Setting
in Eastern Pennsylvania, Seismol. Soc. Am., Eastern Section, 56th
Annual Meeting, Saint Louis University, October 10-12, 1984,

Seeber, L. and K. Coles, Seismicity in the Central Adirondacks with
emphasis on the Goodnow, October 7, 1984 Epicentral Zone and its
Geology, in Field Trip Guidebook, N.Y. State Geol. Assoc., 56th
Annual Meeting, D. Potter, editor, 1984.

Seeber, L., N. Barstow, E. Cranswick, J.G. Armbruster, G. Suarez, K.
Coles and C. Aviles, Grenville Structure and the Central Adirondack
Seismic Zone including the October 7, 1983 Main Shock - Aftershock
Sequence, Joint Programme with Abstracts, Canadian Geophysical
Union, llth Annual Meeting., Halifax, pp. 66, 29 May - 1 June,
1984.

Suarez, G., L. Seeber, C. Aviles and E. Schlesinger-Miller, The Goodnow,
N.Y. Earthquake: Results of a broadband teleseismic analysis, EOS,
Am. Geophys. Union Trans., 65, 239-240, 1984.
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Figure 1. Aftershock hypocenters of the Martic, April 23, 1984 earth-
quake in eastern Pennsylvania were determined from a temporary network.
They scatter over a narrow depth range at about 4 km below the surface,
but occupy a ~3 km long zone, significantly larger than the 90% limits
of confidence which are typically less than 0.5 km from the epicenters.
This zone is parallel to the NNE striking plane in the FPS which is
tentatively interpreted as the plane of rupture: a reverse east dipping
fault with a large component of right-lateral slip. Paleozoic struc-—
tural features in the immediate vicinity of the epicenters appear to be
prominently discordant with the inferred rupture. In contrast, a promi-
nent Jurassic dike is parallel and adjacent to the inferred fault.
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Figure 2. The Lancaster seismic zone, as identified by macroseismic

epicenters of pre-instrumental earthquakes (circles), instrumental epi-
centers relocated by Dewey and Gordon (1984; squares) and by the Martic
1984 epicenter (square with arrows indicating strike of aftershock
zone), viewed in a broad geologic contest. Paleozoic structural fea-
tures in this portion of the inner crystalline Appalachians tend to
strike nearly E-W. The Gettisburg Mesozoic rift basin closely follow
the Paleozoic trend. However a set of Jurassic basic dikes, the young-
est prominent tectonic feature recognized in this area, cuts the E-W
trends at high angles. The Lancaster seismic zone is confined within
two crustal blocks delimited by three adjacent dikes. The inferred NNW
rupture of the Martic event is aligned with a N-S fault which seems to

control one of these dikes.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-21887

William Stauder
Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Goals

1. Monitor seismic activity in the New Madrid Seismic Zone, using data
from a 60 station regional seismic array sponsored by the USGS and the
USNRC.

2., Prepare seismic bulletins and archive seismic data for use with
research projects,

Investigations

1. The project consists of monitoring data from a network of 32 USGS
and 16 NRC seismograph stations located in the central Mississippi Val-
ley. In addition telemetered data from eight Tennessee Earthquake
Information Center stations in the southern part of the New Madrid
Seismic Zone are recorded digitally. The seismic data are also recorded
on 16mm film and on a PDP 11/34 digital computer. Operation, analysis
and publication of quarterly bulletins are an ongoing task. Cooperative
arrangements with other organizations, such as the Tennessee Earthquake
Information Center and the University of Kentucky, have been made in
order to make the quarterly published Central Mississippi Valley Seismic
Bulletin as complete as possible,

The 181 earthquakes located by the USGS and other cooperating networks
during the first quarter of 1984 are given in the attached figure. The
size of the symbols is scaled to the magnitude of the events. 0f par=-
ticular interest is the tight grouping of events on the Ohio River, 25
km upstream of its confluence with the Mississippi River. An extensive
swarm with several magnitude 3+ earthquakes occurred in February, 1984.
Portable MEQ-800 were fielded for a two period to augment network cover-
age, This swarm accounts for the majority of the earthquakes located
during the quarter.

2. The installation of the Berkeley 2,9BSD distribution of UNIX (TM

ATT Technologies) has been successful. System performance is good. Minor
changes have been made to the scheduler and other utilities,

Results
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1. Quarterly Bulletin 39 of the Central Mississippi Valley Earthquake
Bulletin had been issued. This bulletin covers the first quarter of

1984.

2. A paper entitled "Central Mississippi Valley earthquakes - 1983" has
been submitted to Earthquake Notes for inclusion in the annual seismi-
city issue.
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United States Earthquakes
9920-01222

Carl W. Stover
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Federal Center, M.S. 967
Denver, Colorado 80225
(303) 236-1500

Investigations

1. One hundred three earthquakes in nineteen states and Puerto Rico were
canvassed by a mail questionnaire for felt and damage data. Thirty-nine of
these occurred in California and 17 in Alaska. The most significant event
was the Morgan Hill, California earthquake of April 24, 1984 which was lo-
cated at 37.320°N., 121.698°W., at a depth of 8 km, magnitude 5.7 mb, 6.1MS,
and 6.2 ML. Three events; in California, Alaska, and Pennsylvania; caused
damage. The most damaging was the Morgan Hill, California earthquake with a
maximum intensity of VII.

2. The United States earthquakes for the period April 1, 1984 through Sep-
tember 30, 1984, have been located and the hypocenters, magnitudes, and max-
imum intensities have been published in the Preliminary Determination of Epi-
centers.

Results

A maximum Modified Mercalli intensity of VII was assigned to the April 24,
1984, Morgan Hill, California earthquake. Twenty-one people were injured
and damage was estimated at $7.5 million. Most of the damage occurred in
Santa Clara County in the Morgan Hill-San Jose area.

A preliminary report and isoseismal map for the April 24, 1984 Morgan Hill,
California earthquake has been submitted to the California Division of Mines
and Geology for publication in Special Publication 68.

Reports

Stover, C.W., Minsch, J.H., Baldwin, F.W., and Brewer, L.R., 1984, Earth-
quakes in the United States, October-December 1982: U.S. Geological Sur-
vey Circular 896-D, 33 p.

Stover, C.W., Reagor, B.G., and Algermissen, S.T., 1984, Seismicity Map of

the state of Colorado: U.S. Geological Survey, Miscellaneous Field
Studies Map MF-1694.
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The Historical Seismicity of Central United States: 1811-1927
14-08-0001-21251

R. Street
Department of Geology
University of Kentucky
Lexington, Kentucky 40506-0059
(60&) 2357 4777

Objective: In recent years a number of cataloges of the
earthgquakes that occurred in central United States have been
published; e.g., Docekal, 1971; Nuttli, 1979; and Barstow et
al, 1981. As a consequence, the seismicity of the central
United States has been fairly well documented with respect to
such parameters as date, time, and general epicentral
location. However, none of these studies have systematically
documented the earthquakes by means of original accounts.

The abjective of this study is to review accounts of the
larger CUS earthguakes that have occurred in the seven state
area of Arkansas, Illinois, Indiana, Kentucky, Ohio,
Missouri, and Tennessee between the years of 1811 when the
"New Madrid" earthquake sequence began, and 1928 when the U.
S§. Coastal % Geodetic Survey began to collect “"felt" reports.

Discussion: Sixty earthquakes, including the four major
earthquakes of the 1811-1812 “New Madrid” sequence, were
sufficiently documented during the course of the study to be
described in detail. Several other earthquakes were
partially documented (and are still being investigated), or
were deemed to be too small to be of interest. Table 1 is a
list of those earthquakes that have been reasonably well
documented, to date, in the seven state area. Included in
the table are the date and time (GMT) of the events, their
apparent epicentral locations, m{bLg> magnitudes, and maximum
Modified Mercalli (MM) intensities.

REFERENCES

Barstow, N. L., Brill, K. G., Nuttli, 0. W., and P. W.
Pomeroy (1981). An Approach to Seismic Zonation for
Siting Nuclear Electric Power Generating Facilities
in the Eastern United States, prepared for the Office
of Nuclear Reactor Regulation, publication NUREG/CR-
1577.

Docekal, J. (1971). Earthquakes of the Stable Interior:
With Emphasis on the Midcontinent (vols. 1 and 2),
Ph. D. dissertation, University of Nebraska, Lincoln,
Nebraska.
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Nuttli, 0. W. (1979). "Seismicity of the central United
States", Reviews in Eng. Geology, IV, &67-93.

Street, R. (1981). "A contribution to the documentation

of the 1811-1812 Mississippi valley earthquake
sequence", Earthquake Notes, 53, 39-52.
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TABLE 1

EARTHQUAKES STUDIED

Epicentral Location, Manitude, and Maximum Intensity

DATE TIME (GMT) LAT/LONG MAGNITUDE MAXIMUM MM
Mo/Day/Year H-M East/North m<bLg> INTENSITY =*
DEC 16, 1811 08-15 (36 /90 ) 7.2 XI #
DEC 16, 1811 14-15 (36 /90 ) 7.0 X @
Jan 23, 1812 15 (36.3/892.6) 7.1 X-XI #
FEER 07, 1812 09-45 36.5/8%2.6 7.4 X1 @
JuL 05, 1827 11-30 38.0/87.5 5.0 VI
AUG 07, 1827 04-30 38.0/88.0 4.8 v
JUN 07, 1838 14-45 38.5/88.0 5.0 VII
DEC 28, 1841 05-50 36.6/8%.2 4.6 v-VI
JAN 05, 1843 02-435 35.5/89.6 5.8 # VII
APR 05, 1830 02-05 (37.0/88.0) 4.9 v
FEB 28, 1854 09 37.6/84.0 4.0 v
NOV 09, 1856 10 36.6/89.5 4.6 Y
ocT o8, 1857 10 38.7/89.2 5.1 VII
AUG 07, 1860 15-30 (37.5/87.5) 4.5 VI
AUG 17, 1863 15 36.5/89.5 4.6 VI-VII
SEP 25, 1876 06—-15 38.5/87.0 4.8 VII
NOV 19, 1878 05-52 35.5/90.7 (5. 2) VII
SEP 27, 1882 10-20 38.7/89.5 4.7 VI
JAN 11, 1883 07-12 37.0/88.5 4.7 VI
DEC 05, 1883 15-20 35.7/91.2 4.2 vV-vi1
SEP 19, 1884 20-14 40.7/84.1 S.1 VIi-VII
FEB 0&, 1887 22-15 32.0/88.5 4.6 vI
AUG 02, 1887 18-36 (37.2/88.5) 5.2 VI
JuL 27, 1891 02-28 37.9/87.5 4.0 VI-VII
SEP 27, 1891 04-55 38.3/88.5 5.5 VII
ocT 31, 1895 11-08 37.0/8%.4 6.0 # VIII-IX
JUN 14, 1898 15-26 36.5/88.7 4.5 v
APR 30, 1899 02-05 38.5/87.4 4.3 VII
FEB 15, 1901 00~-13 36.0/90.0 4.4 v
JAN 24, 1902 10-18 42.3/8%9.0 5.0 V-vI
FEB 09, 1903 00-21 37.8/89.3 4.8 VII
ocT 05, 1903 02-56 38.3/90.2 3.9 v
NOV 04, 1903 i8-18 36.5/89.5 4.4 VI-VII
NOV 04, 1903 19-14 36.5/8%2.8 4.8 VII
NOV 27, 1903 07 37.0/89.5 4.0 Vv
AUG 22, 1905 05-08 37.2/89.3 5.2 VI-VII
DEC 27, 1908 21-15 37.5/88.0 4.1 v
MAY 26, 1909 14-42 40.6/88.1 5.0 VII
JuL 19, 1909 04-34 40.3/90.7 4.4 v-vI
Sep 27, 1909 09-45 32.3/8%.5 5.4 VII
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MAR 31, 1911 16-57 34.0/91.8 4.2 VII
JAN 02, 1912 16-21 /42.3/89.0 4.7 VI
DEC 07, 1915 18-40 36.0/90.0 4.6 VI
APR 09, 19217 20—-352 37.0/90.0 5.0 VII
OCT 04, 1918 09-21 35.0/91.1 4.4 Iv-v
OCT 16, 1918 02-13 36.0/90.0 4.6 v
MAY 25, 1919 09-435 38.3/87.5 4.4 v
MAY 01, 1920 15-15 38.0/89.6 4.1 v
MAR 14, 1921 12-15 40.0/88.0 4.5 VI
MAR 22, 1922 22-30 37.4/89.4 4.2 VII
MAR 23, 1923 04-30 37.4/89.4 4.5 VI-VII
NOV 27, 1922 03-31 37.4/88.2 4.1 VII
OCT 28, 1923 17-10 35.3/90.0 3.9 v
JAN 01, 1924 03-05 36.0/90.0 4.5 VI
APR 02, 1924 11-15 37.0/88.8 4.0 Vv
JUN 07, 1924 0542 36.5/89.8 3.9 v
APR 27, 1925 04-05 38.0/88.2 5.0 VII
SEP 02, 1925 11-55 37.9/87.2 4.7 VI
SEP 20, 1925 09 37.9/87.2 3.9 v
MAY 07, 1927 08-28 36.0/90.2 4.7 VI

* Maximum MM intensity refers to the maximum intensity
documented during this study

# Data presented for these earthquakes are those of Nuttli
(1979)

@ Data presented for these earthquakes are those of Street
(1981)

Note: Parentheses are used to indicate parameters that are
not well defined
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS-14~-08-0001-21919
John Taber and Klaus Jacob
Lamont-Doherty Geological Observatory of Columbia University

Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to
obtain origin times, hypocenters, and magnitudes for local and re-
gional events. The processing resulted in files of hypocenter solu-
tions and phase data, and archive tapes of digital data. These files
are used for the analysis of possible earthquake precursors, seismic
hazard evaluation, and studies of regional tectonics and volcanicity.

Results

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

The yearly servicing of the network was successfully completed in
July 1984. The network is capable of digitally recording and locating
events as small as M)=0.9 with uniform coverage at the 2.0 level.
Onscale recording is possible to at least MI=5.0 on a telemetered
3~component force-balance accelerometer. Larger events are recorded
on photographic film by 10 strong-motion accelerometers.
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Figure 1. Seismicity recorded by the Shumagin Island seismic network
from January 1 to June 30, 1984. Depth (km) is shown by symbol type
(upper right corner) and magnitude by symbol size (lower right cor-

ner).
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Figure 2. Cross section of seismicity projected along the line A-A'
in Figure 1. Symbols are the same as in Figure 1.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-21858

Ta-1iang Teng
Thomas L. Henyey
Egill Hauksson
Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-6124

INVESTIGATIONS

(1) Upgrade recording of the seismic network data from analog to digital using
a dedicated PDP 11/34 computer. Write software to carry out the data analysis
using a VAX 11/750 computer that runs under the VMS (version 3.2) operating
system,

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

(3) Seismotectonic analysis of recent earthquakes (1970-1984) along the
Newport-Ingiewood fauit zone.

RESULTS

(1) Since early March 1984, the USC Los Angeles Basin seismic network has been
digitally recorded by our PDP 11/34 computer. All the necessary software and
significant remote support was made available by R. Bookbinder of Lamont-
Doherty Geological Observatory of Columbia University in New York. Currently
the computer records both the L.A. Basin and the Dos Cuadras oilfield (Santa
Barbara) networks that consist of 19 USC stations and 16 USGS/CIT seismic
stations., During April 20-24, 1984 a Targe swarm of at least 400 recorded
microearthquakes occurred within the Dos Cuadras network. Approximately 90%
of the earthquakes that were recorded by the continuousiy recording data
acquisition system were also recorded digitally by the PDP 11/34 computer.

Beginning July 1, 1984 all local earthquakes recorded by the PDP 11/34
computer are routinely located. Since we still operate our analog data
acquisition system in a continuous mode, any small earthquakes not detected by
the PDP 11/34 are played back using analog strip-chart recorders.

The seismic data are analyzed using our VAX 11/750 computer. We have
written a computer program that is similar to ping.c developed by
seismologists at University of Washington to interactively pick P- and S-
arrival times, amplitude, period and coda duration. The earthquake
?ypocinters are calculated using the Tatest version of HYPOINVERSE, Kilein

1984).

(2) The earthquake activity that occurred in the Los Angeles Basin and the
adjacent offshore area during 1983 and the first six months of 1984, is shown
in Figures 1 and 2. The seismicity rate during this time period is similar to
what was reported during the previous three years. The earthquake activity is
dominated by singie shocks that are scattered throughout the Los Angeles
Basin. In 1983 the most noticeable activity consists of several events of
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magnitude 3-3.5 that occurred in the northwestern part of the Los Angeles
Basin. The largest earthquake that occurred during the first half of 1984
within the Los Angeles Basin (M=3.9) was Tocated at 33°N 28.28' and 118°W
4,62' at a depth of approximately 14 km. The focal mechanism determined from
first motions of P-wave arrivals indicates right-lateral strike-siip motion
(Figure 3).

(3) We are analyzing earthquake data recorded by USC and USGS/CIT during the
Tast ten years in the Los Angeles Basin., Forty earthquakes in the magnitude
range from 2.5 to 4.0 have been relocated and special effort has been made to
recheck available USC seismic records to add as many S-arrivals as possibie
for accurate depth determination. The first motions have been utilized to
construct single event focal mechanisms. The resulits so far reveal that the
deepest earthquakes that occur along the Newport-Inglewood fault zone have
depths to 16 km. Second, most of the focal mechanisms show either almost pure
right-lateral strike-slip or almost pure thrust with a smail component of
right-tateral strike-slip.

84/st:218
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S

Figure 3. Focal mechanism of the San Pedro Earthquake of February 27, 1984.
This is a lower hemisphere projection where U indicates compression
and D indicates dilatation. Below the azimuths and dips of the two
nodal planes are shown.

AZ1=180.0 D0IP1= 80.0 . BZ2=272.0 DIP2= 78.8



Palzoseismic studies using subsurface radar profiling.

USGS 14-08-0001-21926

Roger Bilham & Leonardo Seeber
Lamont Doherty Geological Observatory,
Palisades, New York, 10964
(914) 359-2900

Investigations

1. A large number of strike slip and normal faults were profiled using a
commercial impulse radar system with an effective depth penetration of the
order of 10m. The excavation of faults to obtain estimates of earthquake
recurrence times is expensive and not always successful. Radar profiling is
perceived to be a possible method for examining subsurface structure prior
to excavation and for spatially extending trench-derived information. The
surveys were conducted to examine the potential usefulness of radar
profiling in different climatic conditions and in different soil types.

Results

1. Features associated with the Wasatch, Hebgen Lake, Borah Peak,
Fairview Peak, Owens Valley, Concord, San Andreas and San Gabriel faults
were investigated and additional studies were undertaken on the Macgregor
and Ramapo Faults in N.Y. and at Mammoth Lakes and Coalinga in California.
In cases where there exist stratigraphic layers possessing contrasting
electromagnetic velocities in the upper 3m it was possible to locate
paleoseismic features related to recent fault activity. However, a
near-absence of dielectric layering was found to be typical of the coarse
colluvium covering faulted range fronts in arid regions of Nevada, Utah and
California. Notable successes of radar imaging were the detection of
colluvial wedges associated with former movements of the Lost River Fault,
Idaho and the identification of wide zones of fracturing on strands of the
San Andreas fault system at Point Reyes, Hollister and the Salton Sea.

2. Fresh surface water was found to not significantly affect subsurface
imagery. Successful profiles were obtained by floating the antenna across
the surface of sagponds or fault crossing rivers. However, moistened salty
soil was found to be opaque to radar. Reflections were obtained at 80Mhz
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and 120Mhz from trees and tall bushes which limited activities occasionally
to the use of an electrically screened 300MHz antenna. The 80MHz antenna
was successfully used along roads in the Mammoth Lakes region to profile
the 1-6m depth of the lava beneath gravel deposits at speeds of up to
40mph.

Reflections from buried and overhead cables are easily eliminated from the
radar imagery particularly if they cross the profile at right angles but
abrupt lateral changes in soil moisture (e.g. caused by irrigation or patches
of impermeable cover) were found to distort subsurface imagery in an
unpredictable manner. An attempt to map clay layer thickness near Coalinga
was unsuccessful due to the dominating effects on travel time of soil
moisture heterogeneity induced by intensive irrigation. Profiles in cities
(Hollister and Concord) were not successful due to numerous reflections
from water sprinkler systems, underground pipes, reinforcing bars and
passing vehicles. Our results indicate that palaoseismic radar
investigations can be used to examine the upper 1-3m in most soil types and
climatic conditions but that certain easily identifiable environments should
be avoided.

3. Approximately 80% of the 200 radar profiles obtained show
palzoseismic features but the resolution (6-30cm) is inadequate to map the
subsurface in detail. Impulse antennas with reduced beam divergence may
soon be available that may improve the resolution of subsurface radar
imagery especially if used in conjunction with methods to determine
subsurface velocity structure. Our results indicate that radar profiling can
provide useful subsurface structural information especially in those
locations where polymodal sedimentation is likely to be important in
subsequent trench investigations.

Reports

Bilham, R., W. Black and P. Williams Subsurface Radar Imagery of the San
Andreas Fault, £05. 7rans Amer Geoplhys. Un, 64, 18

Bilnam, R. Impulse Radar Studies of the Borah Peak Earthquake, ldaho,
USGS Open File Report, in the press 1984,
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STUDY OF BROADBAND REGIONAL GROUND MOTIONS
14-08-0001-21897

Bruce A. Bolt
Seismographic Station
University of California
Berkeley, California 94720
(415) 642-7030

Project Plan

The project is to develop broadband recording at stations operated by
the University of California, Berkeley, and carry out related analysis of
seismic waves from strong regional earthquakes. Digital seismographs are
being operated at the Berkeley and Jamestown stations which record the earth-
quake signals over a wide frequency band as digital samples on magnetic tape.
The appropriate computer graphics, algorithms, and interactive methods of
analysis of waveforms, spectra, location, seismic moment, and so on, are being
constructed in order to relate the broadband recordings to earthquake risk
problems. New methods of access and distribution to seismologists generally
are being established. Work has begun to test how such enhanced recordings of
seismic waves are crucial for high resolution of earthquake source properties
and their temporal variation for more realistic prediction of strong ground
motions.

Broadband Data Acquisition

Two three-component digital broadband stations (Berkeley and Jamestown)
are telemetering continuously 16-bit digital data to Berkeley for archiving
and analysis. The bandwidth of the digital data is 0-25 Hz for Berkeley and
0-10 Hz for Jamestown. The vertical-component broadband station at Whiskey-
town Dam currently records analog only, with a bandwidth of 0-10 Hz. Hardware
and software are being installed to facilitate archiving of all broadband data
into a common format on a MODCOMP minicomputer and into a data base structure
on an IBM-XT microcomputer. Such use of microprocessors has been discussed
by Bolt (1983) and Husebye and Thoresen (1984). In addition TECMAR Lab Master
hardware was installed in the IBM-XT with the capability of reading serial and
parallel data (16 bit) and performing analog to digital conversion with 96 db
(16 bit) resolution. This hardware will expedite the acquisition of high-
resolution digital data from broadband seismographs (such as Whiskeytown)
which do not yet record digitally.

Analysis

Analysis of the broadband regional ground motions has concentrated on
four problems during the past six months.

1. Extensive spectral analysis of signal and noise samples has been

made in order to determine the background noise characteristics
and the minimum-sized earthquake which can be recorded at a given
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distance with an acceptable signal-to-noise ratio. The principal
result is that the magnitude threshold for a 20 db signal-to-noise
ratio varies from Mj, 2.5 at 10 km to My, 5.5 at 400 km.

Seismic moments of moderate earthquakes have been estimated from

the area of displacement pulses and from the asymptotic low-frequency
spectral level. For instance, the P-wave displacement pulse re-
corded at Berkeley is Qo(P) = 0.31 cm-sec for the My, 6.6 earthquake
which occurred off the coast of northern California on 10 September
1984. The corresponding seismic moment is 1.6 x 10%® dyne-cm. A
further example of estimating seismic moment from broadband records
is given by Uhrhammer and Darragh (1984) for the 24 April 1984

Halls Valley earthquake.

Regionally recorded crustal S phases are being analyzed to deter-

mine the wave propagation characteristics of the lower crust (Sibson,
1982). About 15 well-recorded S phases from regional earthquakes

were available from magnetic tape storage. The data set samples epi-
central distances from 7 km to 108 km-and the ray paths sample the
whole range of depths in the crust. The work bears on the important
question of threshold focal depths in the light of Sibson's hypothesis.

Pattern recognition techniques to estimate earthquake parameters are
being investigated and convolution operators have been shown to be
effective in selection of prototype earthquakes from the comparison
dictionary.

Computer Algorithms

Several computer algorithms have been developed and are being tested for
the processing, archiving, and analysis of broadband digital records. These

include:

1.

4.

Processing of Berkeley and Jamestown digital data in a common
format on a MODCOMP minicomputer.

Transmission of digital data from the MODCOMPT minicomputer to an
IBM-XT microcomputer.

Processing programs on an IBM-XT for spectral analysis, filtering,
F~K analysis, deconvolution of instrument response, etc.

A relational data base for archiving the digital records on an
IBM-XT.
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NORTHERN SAN ANDREAS FAULT SYSTEM
9910-03831

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

Investigations

Historic seismicity between Monterey Bay and the Gorda Escarpment is
scattered through a 60 km-wide belt that includes the Coast Ranges and extends
a few kilometers offshore. To better understand the geometry of currently
active faults and the distribution of severe earthquake hazards I am
evaluating geophysical and geological evidence that help define modern and
ancient members of the San Andreas fault system. This evidence includes:

1. Seismically active regions or belts, known from historic seismicity

2. Currently active faults, known from geomorphic, geologic, or seismic
evidence

3. The structure and extent of mappable geologic units expoééd at the
sur face.

4, The structure and extent of subsurface geologic units, as interpreted
from geologic and geophysical data.

Results

Although the great San Francisco earthquake of 1906 was on the main San
Andreas fault, most other northern California earthquakes of damaging
magnitudes (Toppozada and others, 1981; Toppozada and Parke, 1982) and most
smaller earthquakes located by modern seismic networks have been further east,
chiefly along the trend defined by the southern Calaveras, Hayward, Rodgers
Creek, and Maacama faults.

This trend and the San Andreas fault south of Hollister follow a small
circle centered at the North American-Pacific pole of rotation (49.02CN,
76.05%; Minster and Jordan, 1978) and passing through the segment of maximum
aseismic slip, or fault creep, on the San Andreas fault in Bitterwater Valley
(Burford and Harsh, 1980). Aseismic slip characterizes the faults along the
small circle arc from San Pablo Bay to Parkfield, a distance of 290 km.

Cumulative strike slip on these eastern fault trends 1is much less than on
the main San Andreas. As shown by mapped sedimentary and volcanic rocks of
Neogene age and by buried bodies of magnetic serpentimized ultramafic rock,
observed displacements on the eastern faults can be satisfied by, at most,
tens of kilometers of strike slip compared to more than 300 km for the main
San Andreas. Fault-formed geomorphic features and strike continuity are also
weaker on the eastern faults, which may signify that rates of Quaternary slip,
as well, are low.
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The disparity between geologic slip rates and historically observed
seismicity and aseismic slip may indicate that 1) historic activity is typical
-- large infrequent earthquakes on the main San Andreas fault occur against a
background of frequent smaller, but still damaging, earthquakes along the
eastern fault trend, 2) historic activity is atypical and a short term
(hundreds of years) departure from normal patterns of movement, which are
dominated by frequent activity on the San Andreas, or 3) activity along the
eastern trend signals a shift in the location of the master shear in northern
California from the main San Andreas fault to a fault trend 30 km further
inland.

Although the evidence is insufficient to choose between these and other

alternatives, accurate assessment of earthquake hazards and the design of a
reliable predictive model depend on choosing the correct explanation.
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Late Pleistocene and Holocene (?) Faulting beneath
San Francisco Bay, California

14-08-0001-21917

Charlotte Brunner
Paleontology Department
University of California
Berkeley, CA 94720
(415) 642-7873

Objective: To investigate the extent, timing and sense of inovement of
probabTe faults beneath San Francisco Bay. Previous stratigraphic studies
(Sloan, 1981; Laws, 1983) identified offset of late Pleistocene bay
sediments in borehole samples along a transect between San Francisco and
Alameda. This project continues the stratigraphic study of bay sediments
along two additional transects across the Bay.

Investigations: In the first phase of the study, 85 tube samples from 6
boreholes along a transect between San Mateo and Hayward were analyzed to
determine the late Pleistocene (Sangamon) stratigraphy. Biofacies were
defined primarily on the basis of foraminifers, sand-size diatoms and
seeds. Investigation of diatom biofacies is continuing.

Results: Preservation of calcareous microfossils was not as good as
expected in the tube samples. Only 31% of the Sangamon sediments contained
identifiable foraminifers. This level of preservation is insufficient to
permit stratigraphic resolution detailed enough to confirm (or not) the
presence of faulting offset at the San Mateo-Hayward transect. It is
anticipated that analysis of diatom biofacies will provide better
stratigraphic resolution, from which fault offset can be determined.

Foraminiferal biofacies confirm that Sangamon stratigraphy at the San
Mateo-Hayward transect is the same as that at the Southern Crossing about
15 km to the north (Sloan, 1981). Sediments indicative of marsh to
subtidal depositional environments are present and record the filling of
the Bay during the Sangamon transgression.
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NEOTECTONICS OF NEW ZEALAND: INSIGHT TO SAN ANDREAS
FAULT SYSTEM TECTONIC BEHAVIOR

14-08-0001-21882

William B. Bull and Peter L. K. Knuepfer
Geosciences Department
University of Arizona
Tucson, Arizona 85721
Bull: 602-621-2219; Knuepfer: 602-621-6002

INVESTIGATIONS

Most studies of earth deformation involve historical seismicity and earth move-
ments, or deal with the long time spans used by those who study relative motions of
plates based largely on reversals of the earth's magnetic field. A more complete assess-
ment of vertical and horizontal fault movements, either for scientific models or for
hazards assessmeilts, sshould include evaluations of variations of earth movements in the
age range of 10°-10” yr. Landforms such as uplifted marine terraces and displaced
stream terraces provide one of the few bases for quantitative estimates of late
Quaternary rate histories across major fault systems, such as the San Andreas shear
system in California and the Alpine shear system in New Zealand.

The major right-lateral transcurrent faults of the Alpine shear system form a
transpressive continental plate boundary between the Tonga-Hikurangi and Fiordland-
Puysegur troughs. Our studies concern the Alpine fault and its splays in Marlborough
(northeastern South Island). The Alpine shear system has a geometry that is quite similar
to the San Andreas shear system in southern California and even in the San Francisco Bay
region. Accordingly, an understanding of the temporal and spatial patterns of fault slip
on the New Zealand faults studied by us and the associated regional deformational
patterns can yield insight into the behavior of this complex plate boundary, and, by
analogy, to the San Andreas fault system as well.

Our studies of the neotectonics of New Zealand during the last six months have
continued to emphasize two primary concerns: (1) the amounts of uplift of marine
terraces and of vertical and horizontal displacements of stream terraces, and (2) the
development and/or improvement of methods to estimate the ages of late Quaternary
geomorphic surfaces that have been subject to earth deformation.

RESULTS
Uplifted Marine Terraces

Our additional studies continue to show that the marine terraces of New Zealand
are part of a population of global marine terraces. The terraces are difficult to date
directly, particularly in the South Island, so the basis for dating is correlation of flights
of New Zealand terraces with dated flights of uplifted coral reef terraces on New Guinea
in the Pacific Ocean, Barbados in the Atlantic Ocean, and elsewhere. For each uniform
uplift rate there is a unique number and altitudinal spacing of terraces within a given
flight. Correlation of local flights of marine terraces with dated flights of global marine
terraces is based on the altitudes of inner edges of shore platforms determined by
surveys or estimated from topographic maps. These altitudinal data are used to con-
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struct several inferred uplift rate graphs for different age assignments -- generally, one
graph reflects a uniform uplift style.

Beveled bedrock and rounded gravel directly above the active surf zone are
regarded as being marine in origin by most workers. Montane terraces are more contro-
versial, but appear to be common to altitudes of more than 2000 m in the Southern
Alps. The highest parts of the Southern Alps are within 100 km of the present coastlines,
and have been sites of marine processes during the late Quaternary. Three principal lines
of evidence support the conclusion that marine-terrace remnants are ubiquitous through-
out most of the Southern Alps: (1) the presence of exhumed shore platforms and
degraded sea cliffs, especially along the crests of spur ridges; (2) widely scattered, but
ubiquitous, rounded quartz pebbles on notched spur ridges and on flat-topped ridges and
summits. These pebbles have abrasion textures and impact marks that are identical to
quartz pebbles on the modern high energy beaches along the northwest coast of the South
Island. And, lastly, (3) flights of as many as 19 of the youngest New Zealand marine-
terrace remnants have altitudinal spacings that allow them to be correlated with the
dated coral reef terraces on New Guinea in the age range of 30,000-336,000 yr.

Studies of uplifted marine terraces along 300 km of the northwestern flank of the
Southern Alps show a systematic pattern of uplift rates and styles. The presence of
beach pebbles was documented at 187 sites during the December 1983-March 1984 field
season. Topographic map analyses reveal that uplift rates have been rapid and uniform
during the last 130,000 yr. Inferred uplift rates reach a maximum of 8.2 mm/yr adjacent
to the highest part of the Southern Alps and decrease to about 5.6 mm/yr to the north-
east and southwest. Uplift rates during the 200,000 yr prior to 130,000 yr b.p. were much
less, ranging from 2.6 mm/yr in the north to a maximum of 3.7 mm/yr in the area of
highest metamorphic rock grade for materials that have been exposed to erosion by uplift
along the Alpine fault. The time of change between these two periods of uniform uplift
appears to be the same at five sites and is estimated to have occurred between 134,000
yr and 142,000 yr b.p. The abrupt increase in inferred uplift rates since about 136,000 yr
b.p. is attributed to continuing long term increases in convergence betwen the Pacific
and Australian plates.

Faulted Stream Terraces

Our additional studies on faulted post-glacial stream terraces have focused on
improving our age-estimation techniques by analyzing soil and rock-weathering data
collected during our 1983-84 field season and using these techniques to determine rates
of slip across faults of the Alpine shear system. The terraces are difficult to date
directly, since the high-energy rivers tend to remove datable materials from the gravelly
river beds. We have used rates of rock weathering rind development and soil morphologic
and chemical change to establish high-quality age-estimation techniques, building on
previous studies by New Zealand and U.S. workers. Weathering rinds yield age estimates
of Holocene stream terraces with a precision of 5%-20%. Soil chemical data show
systematic changes in iron, aluminum, and total element chemistry with time in
Holocene soils, and these are calibrated at dated chronosequences. Soil chemical and
morphologic data yield age estimates of Holocene soils with a typical precision of
20%-30%.

These age estimation techniques have allowed us to determine latest Quaternary
fault-slip rates at 20 sites distributed along the Alpine fault and its splays. We recognize
a latest Quaternary right-lateral slip rate of 30-45 mm/yr across the main Alpine fault.
Slip rates of 5-15 mm/yr are found across each of three main splays of the Alpine fault in
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the northeastern South Island, while the fourth — the Hope fault — has a latest
Quaternary slip rate of 20-35 mm/yr.

The fault-slip data indicate a systematic decrease in late Holocene rates from
early-mid Holocene rates. The total early-mid Holocene fault slip across the Alpine
shear system is 35-70 mm/yr, but the rate is only 15-30 mm/yr during the last 3000 yr.
This decrease in Holocene fault-slip rates occurred on each of the faults, so it must
indicate some regional shift in rates of fault slip of the plate boundary.

Applicability to San Andreas

The techniques we have established for estimating ages of tectonically-affected
landforms have wide potential application to the San Andreas system. The use of global
marine terrace chronologies has already been used successfully by other workers to
obtain uplift rates along portions of the California coast. Our experience in New Zealand
suggests that uplift rates should vary spatially in response to proximity to zones of
tectonic transition, such as the Mendocino triple junction, and that they may vary
temporally in response to changing rates of plate convergence. Relative-absolute dating
techniques should be particularly useful in regions of grossly constant lithology, such as
the coastal belt Franciscan. Although the soils and weathering-rind techniques must be
recalibrated in specific study regions, the general approach should be applicable in
California. Our experience in New Zealand suggests that variations in lateral fault-slip
rates may be apparent over time intervals of a few thousand years. Sharp recognized
such a change on the San Jacinto fault, but similar changes are not documented on the
San Andreas fault or other major strike-slip faults in California. Nonetheless, the
similarity in tectonic setting and style between the Alpine and San Andreas shear
systems is suggestive that tectonic behavior should be similar for the two regions, and
that time-dependent changes in lateral slip and uplift can be expected for the San
Andreas system.
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Comparative Earthquake and Tsunami Potential for Zomes
in the Circum-Pacific Region

9600-98700

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

Investigations

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

2. Conduct survey of video-image processing systems to determine optimal
system for digitization of historic seismograms.

3. Conduct investigations of the rupture processes of large earthquakes that
have produced tsunamis. The faulting parameters of these earthquakes to be
compared with parameters determined for other tsunami-producing earthquakes.
Study of tectonic mechanisms in subduction zones to be used to assess the
likelihood of major earthquakes in these zones.

Results

1. A study of comparative earthquake potential is complete for the west
coasts of Chile and southern Peru. A paper describing the results is in press
with the Journal of Geophysical Research. It is found that the Valparaiso
region of central Chile has a relatively high potential for large earthquake
occurrence in the next 20 years. Southern Chile in the vicinity of the
rupture zone of the 1960 earthquake has the lowest potential. The potential
in northern Chile is apparently somewhat higher than for the south, but
existing data provide poor constraints. Work on earthquake potential in
Mexico is to be presented at meetings of the American and the Mexican
Geophysical Unions. The Mexican subduction zone has been divided into 11
zones based on patterns of prior earthquake occurrence. Four of the segments
have low probabilities (<307%) for earthquake recurrence. Five segments have
conditional probabilities of greater than 307 for large earthquakes during the
next 20 years.

2. The best candidate for this system is currently one which can produce a
rasterized data set (a gridded set of data points).

3. We have detailed the rupture processes of three large earthquakes which
have produced tsunamis. The Samoa Islands earthquake of 1 September 1981
which occurred at the extreme northern end of the Tonga trench ruptured two
separate but offset faults. The Peru earthquake of 1974 was a shallow focus
thrust event consisting of several small breaks. It is concluded that the
maximum likely earthquake to occur in central Peru would be MS 8.4. The great
Sumba earthquake of 1977 was the largest normal faulting earthquake to occur
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since 1933. It is concluded that this earthquake and its aftershock series
are the direct result of slab pull forces.
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Global Seismology
9920-03684
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Branch of Global Seismology and Geomagnetism
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Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 236-1506

Investigations

1.

2.

Depth Phases. Establish criteria for the proper identification of depth
phases from sub-oceanic subduction~-zone earthquakes.

Earthquake Location in Island Arcs. Develop practical methods for
accurately locating earthquakes in island arcs.

Subduction Zone Structure. Develop techniques to invert for subduction
zone structure using seismic travel times.

Global Synthesis. Synthesize recent observational results on the
seismicity of the earth and analyze this seismicity in light of current
models of global tectonic processes.

Results

1.

2.

Depth Phases. Broadband data recorded by the Grafenberg array were used

to study the frequency dependance of depth phases from moderate-sized
earthquakes in the central Aleutians. It was found that in the presence
of a water layer the short-period band is usually dominated by pwP energy
and the long~period band by pP and sP energy. A technical article is
being prepared on these findings.

Analysis of depth phases recorded both analog and digitally from a large
set of moderate-sized central Aleutian earthquakes has been completed.
Depths accurate to a few kilometers were determined for a large number of
events by matching theoretical times of depth phases based on local
structure to observed data. The new hypocenters provide a means to
accurately locate the plate interface across the subduction zone. A
journal article is in preparation.

Earthquake Location in Island Arcs. An extended data set of central

Aleutian earthquakes, that includes events with well determined depths as
previously described, has been relocated using the JHD approach. It is
shown that by careful selection of observing stations, proper analysis of
depth phases and the availability of local network calibration events,
this approach can reduce hypocentral uncertainties to less than 15
kilometers over a broad region of the subduction zone. These results and
their tectonic significance will be the subject of a paper to be prepared.

60



3. Subduction Zone Structure. A cooperative project with Dr. D. Gubbins at
Cambridge University to jointly invert seismic travel times for
hypocenters and for structure in the central Aleutian subduction zone has
been undertaken.

4, Global Synthesis. A framework for this synthesis study has been
developed.

Reports

Engdahl, E. R., Billington, S., and Dewey, J. W., 1984: Redefined spatial
distribution of teleseismically recorded earthquakes in the central
Aleutian Islands, abstract submitted to the Anchorage Seismological
Society of America meeting.
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Seismic Hazard Studies, Anchorage
9950-03643

A. F. Espinosa
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1597

Investigations

1.

A damage evaluation for the City of Anchorage, sustained from the 1964
Alaskan earthquake, is being performed with damage data which have not
been published previously. This information and local surficial
geological data is planned to be used in order to evaluate transfer
function amplification curves in Anchorage and to ascertain any existing
correlation between damage and soil conditions in the area.

A "completeness” of the seismicity catalog is being investigated in order
to use lower magnitude thresholds in (a) spatial and magnitude—temporal
distribution of shallow (h < 33 km) and intermediate (34 < h < 100 km)
seismicity (Mg > 5.5) occurring within a specified area in the period of
time which uses (a) historical and (b) instrumentally recorded
earthquakes. b—-values are being determined likewise for the region under
study. This effort is part of the seismicity study being carried out in

. this project for the Anchorage and vicinity region in Alaska.

3. A surficial geologic map of the southeastern part of Anchorage and
viecinity 1s being drawn. Geologic field data 1s being collected and
mapped.

4. Two geological cross-section maps for the City of Anchorage are being
drawn.

5. A suite of seismicity maps and depth cross sections for the Anchorage and
vicinity region in Alaska are being plotted.

Reports

Brockman, S. R., Espinosa, A. F., Michael, J. A., and Navarro, R., 1984, Near-

field strong-motion data from nuclear explosive sources: U.S. Geological
Survey Open—File Report 84- s, 226 pe.

Espinosa, A. F., 1984, Inconsistencies in the Modified Mercalli Intensity

Scale: The E1 Asnam, Algeria, earthquake [abs.]: International
Conference on Seismic Microzoning, Ech Cheliff, Algeria, October 10-12,
1984, Proceedings.
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Investigation of Seismic Wave Propagation for Determination
of Crustal Structure

9950-01896

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

Investigations

1. Conducted high-resolution seismic reflection surveys

ae
be.
Ce
de
€e

N and T tunnels at the Nevada test site

Lines across the Carpetbag and Yucca fault, Nevada test site
Lines across the Beatty and Crater Flats fault scarps, Nevada
Lines across a fault scarp at Taylorsville and Granger, Utah
Continued to expand coverages near Beck Hot Springs, Utah.

2. Began processing New Madrid seismic reflection data

Results

1. a.

b.

Ce

d.

The work in N and T tunnel shows a great number of reflectorse.
Considerable difficulty was encountered interpreting these data due to
the difficulty of separating up and down going events. We have shown
that this can be done, however. In the future, it may be necessary to
pick an area with greater structure in order to differentiate between
events occurring above the tunnel with those below the tunnel.

The line across the Carpetbag fault shows quite a bit of structure.
The processing of these data was difficult, due more to the existence
of considerable scattered energy. We did not have trouble getting
good coupling of the source energy into the ground. The data across
the Yucca fault has not been processed at this time.

The data across the Beatty and Crater Flats fault scarps is generally
of poor quality. The reason for this is again the scattered energy.

A fault can be seen on the Beatty fault scarp line on the migrated
section. Migration was used as a signal enhancement tool in order to
remove some of the scattered energy. More work on processing must be
done. A definite change in structure at Crater Flats can be seen, but
how this is associated with the fault scarp is not well understood.
The data from Granger and Taylorsville Flats has not been processed at
this time.

Only preliminary processing and no interpretation has been conducted
with the data from Beck Hot Springs, Utah.
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We have run a brute stack on one New Madrid line.
to 7 s using an extended sweep technique. We see a traceable reflector at

about 6 s. The rest of the data have been recorrelated to 11 s and we see
coherent energy at about 10 s.

This line was processed

Report

Harmsen, S. C., and Harding, S. T., 1984, A comparison of three numerical
techniques for modeling P-SV wave propagation across slanting
interfaces: Colorado School of Mines Quarterly, v. 79, no. 2, p. 65-82.
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Earthquake Hazard Research in the Central Mississippi Valley
14-08-0001-21886

Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Goals

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

Investigations

1. The comparison of the m, and Mk magnitude scales continues. Using
California strong motion dakg. the Kanamori and Jennings (1978) study
is extended to included Mé . The vertical component strong motion data
are passed through a WWS R short period instrument while the horizontal
components are passed through a Wood-Anderson. The magnitudes are deter-
mined from the synthesized seismograms according to normal convention.
For large California earthquakes ( ML > 5.2 ),

ng = 0081M-L + 0.88

The relation between these magnitudes and seismic moment is not as well
defined given the greater scatter in the data set. Expressing peak
strong ground motion in terms of or m, may be a way of extrapolating
the western U. S. strong motion data to Eﬁe east.

2., Focal mechanisms have been determined for five earthquakes which
occurred in January 1982. These earthquakes include the magnitude 5.7
and 5.1 New Brunswick earthquakes of January 9, the 5.4 magnitude New
Brunswick earthquake of January 11. the 4.5 magnitude New Hampshire
earthquake of January 19, and the 4,5 magnitude Arkansas earthquake of
January 21. The moment-magnitude relation for the three New Brunswick
earthquakes are

10810Mo = 1.87mb + 13.66.

Combining these two regressions, assuming that them

and ML interrela-
tions will also apply in the east, we obtain €

L

10810Mo = 1.51ML + 15.30
which is similar to the California relation, except that according to
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Bakun (1984), the California region works down to ML=3. whereas the
eastern U, S. relation only works down to =4,5. Indirectly, this sup-
ports a different spectral scaling law for the eastern U, S.

Results

1. A Master's Thesie by B. Nguyen has been submitted., This thesis con=-
cerns the focal mechanisms of the five January, 1982 earthquakes.,

2. Research results are listed in the papers given below.

3. Two volumes of a planned eight volume set entitled "Computer Programs
in Seismology" have been completed. In these two volumes, a total of 27
computer programs are documented. The documentation consists of progranm
description, program listing, sample input and output, and representa-
tive graphic output. The complete set will be finished in early 1985.
Reports

Chulick, J. A. and R. B. Herrmann (1984)., The relationship between
and m g using California strong-motion data, 56 th Annual Meeting,
Eastern~Section Seiamological Society of America, Saint Louis
University, October 10 - 12,

Shin, T.-C. T. and R, B. Herrmann (1984). Source parameters and L
attenuation of New Brunswick earthquakes, 56 th Annual Meeting%
Eastern Section Seiamological Society of America, Saint Louis
University, October 10 - 12.
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Pleistocene Faulting in Coastal San Diego County
14-08-21898
Philip Kern
Dept. of Geological Sciences
San Diego State University
San Diego, California 92182
(619) 265-6443

Investigations

This study 1s part of a project to map the Pleistocene geology of coastal
San Diego County. During the past half year field mapping of marine and non-
marine shorelines, associated sediments, and geologic structures has been carried
out in the coastal zone of the Del Mar and Encinitas quadrangles. Field work
also was completed in the La Jolla and Point Loma quadrangles, bringing to
completion mapping of the faulted coastal area from south San Diego to north of
Leucadia.

Results

Detailed mapping of deformed shorelines has revealed the presence of a
much more extensive system of Pleistocene faults than was previously recognized
in the area from San Diego to Leucadia. Very large numbers of closely-spaced,
subparallel faults are oriented northeast-southwest across the through-going
Rose Canyon fault. The apparent normal and strike-slip character of the
secondary faults is consistent with their apparent origin in the initial phase
of right-slip wrenching along the Rose Canyon zone. The geometric relationship
between the through-going fault and its associates is that of known right-slip
faults in nature, in model experiments, and as predicted by strain-ellipse
analysis. Further, the apparently still-active Rose Canyon fault has cut and
substantially displaced all the Pleistocene shorelines, including that of the
125,000-year-old Nestor terrace, while the secondary faults, representing the
early phase of wrenching, cut only the older terraces (probably 500,000 years
or more).

Reports and Publications

Kern, J. P., 1984a, Chronology, Paleoenvironments, and Tectonics of California
Pleistocene shorelines, San Diego to Oceanside {(poster session abstract).
Pacific Section, A.A.P.G./S.E.P.M./S.E.G., Programs and Abstracts, p. 84-85.

Kern, J.P., 1984b, Anatomy and ontogeny of small-scale, right-slip wrenching:

the Rose Canyon fault zone, San Diego, California (abstract). Pacific
Section, A.A.P.G./S.E.P.M./S.E.G., Program and Abstracts, p. 85.
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Postglacial uplift in northeastern United States
9510-03207

Carl Koteff
U.S. Geological Survey
National Center, MS928
Reston, VA 22092
703/860-6503 FTS 928-6503

INVESTIGATIONS

The postglacial uplift profile for the Connecticut River
valley from Connecticut to northern Vermont and New Hampshire was
refined and extended and now covers a total distance of over
245 km from south to north. Altitudes of the contact between
topset and foreset beds in ice-marginal deltas constructed in
former glacial lakes were obtained there as well as in the
Merrimack River valley in Massachusetts and New Hampshire. The
topset/foreset contacts are believed to represent the former
water level with an accuracy of 1 m. Ice-marginal deltas were
especially singled out because they provide a relative physical
chronology of the northward growth of a glacial lake during ice
retreat. The ice retreat is known to have been very systematic in
this region for the time represented by the glacial lakes, from
about 17,000 BP to about 14,000 BP. Thus, the profile derived
from the delta altitudes is a time-transgressive depiction of
about 3,000 years.

RESULTS

Plotted altitudes of topset/foreset contacts for 30 separate
ice-marginal deltas that were constructed in the Connecticut
Valley during the northward growth of glacial Lake Hitechecock show
a profile of postglacial uplift that bears N20W. The profile is
a very straight line; only four of the plotted altitudes depart
from the projection by more than one meter, and the largest
departure of these four is only two meters. The projected
altitude of the water level of Lake Hitchcock at the threshold in
the spillway at New Britain in central Connecticut is about 25 m,
and the measured altitude of the topset/foreset contact in the
northernmost ice-marginal delta at South Ryegate in northeastern
Vermont is 244 m., The differential uplift is 219 m over a
distance of 245.78 km along the N20W projection and shows a
gradient of 0.89 m/km up to the northwest. This gradient is the
steepest known for postglacial uplift in North America and is
thought to represent the largest possible gradient.

Because the profile is so straight and because it represents
a time transgression of 3,000 years, the concept of a
considerable delay to uplift response during the early stages of
deglaciation is confirmed. It is reasonable to extend this delay
to include the beginning of deglaciation at about 19,000 years

BP. Thus there appears to have been a 5,000-year period of ice
unloading before upward crustal movement. Also, the N20W
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projection of the profile points directly towards Hudson Bay,
which strongly suggests that that region was the locus of crustal
depression and hence the locus of thickest ice. This confliets
with current ideas of Canadian workers on the nature and location
of ice centers for the late Wisconsinan ice sheet.

REPORTS

Koteff, Carl, Stone, B. D., and Caldwell, D. W., 1984, Glacial
lake history of the Merrimack Valley, southern New Hampshire,
in New England Intercollegiate Geologiec Conference, 76th
Annual Meeting, Guidebook for field trips in the coastal
lowlands, Boston, Massachusetts to Kennebunk, Maine, p. 381-
393.
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Determining Landslide Ages and Recurrence Intervals
9950-03789

Richard F. Madole
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1617

Investigations

Fieldwork in 1984 focused primarily on large, recent landslides on the
west flank of the Wasatch Plateau. The Mantl and Twin Lakes slides, Sanpete
County, were discovered to contain abundant exposures in which to develop
methods for dating landslides that would be applicable to other areas.

Results

Materials suitable for 14C—-age determinations and amino-acid dating of
landslide deposits are relatively common in the areas studied. The materials
most useful for determining landslide recurrence intervals are found in
translocated pond deposits and presssure ridges.

Translocated pond deposits have been moved laterally downslope by flow or
slide from the sites where they accumulated, and they are now high, dry, and
exposed for study. On some slides, there has been a tendency for pond-forming
depressions to remain in relatively the same position during successive
landslide events; whereas the deposits that accumulated in these depressions
after each landslide were translocated downslope. 1In such places, repetitive
landslides may give rise to a series of spatially separate pond deposits.
Translocated pond deposits, therefore, have the poZential for recording the
number of landslide events, as well as providing 14¢ ages for dating the
events,

Radiocarbon ages of soils buried by pressure ridges combined with data
from the soils developed on the crests of the pressure ridges also provide a
means f0f4ca1culating landslide recurrence intervals., The buried soils
provide “7C ages that date the event that formed the pressure ridge and at the
same time serve to calibrate relative—dating techniques based on properties of
the surface soils.

Pressure ridges form within and along the margins of some landslides.
Thelr form is similar to that of lateral moraines and end moraines of small
valley glaciers. They are composed of material thrust or squeezed up from
depth during a major episode of flow or sliding. Pressure ridges formed along
the margins of a slide area tend to overlap and bury the adjacent land
surface. Radiocarbon ages of organic material buried on these surfaces give
maximum dates for the flow or slide events. Examination of the pressure ridge
along the northeast margin of the Manti slide (Fleming and others, 1978)
revealed that it is composed of segments of more than one age. Hence, lateral
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pressure ridges are also a source of information about the number of mass-
movement events that have occurred in a given area.

Because unweathered material is brought to the surface of pressure ridges
during their formation, the degree of soil development on the ridge crests can
be used to assign ages to these deposits. Several soll properties appear to
be age dependent, including depth of leaching, amount of organic matter
(measured in g/cm3 x soil thickness), horizon thickness, profile thickness,
and complexity of horizon sequence. Soil study sites, however, must be
selected with care. On older landslides (late Pleistocene), erosion has
stripped much of the relict profiles on sloping sites, and on many slides,
older soils exist on landslide blocks that remained intact during sliding. On
landslide deposits of all ages, soil study sites must be limited to locations
where unweathered material was brought to the surface by the mass-movement
event being dated.

Soils considered to be of late Holocene age (0-5 ka) are 5-25 cm thick
and have simple profiles composed of a sequence of A/C or A/AC/C horizons.
Soils interpreted to be of early Holocene age (5-10 ka) are 5-25 cm thick and
have profiles composed of a sequence of A/Bw/C horizons. Strongly oxidized B
horizons, well-developed Bt horizons, and Cca horizons were observed in
landslide deposits of Pleistocene age, but not in deposits considered to be
Holocene. The soil parent materials in the areas studied were derived from
the Flagstaff Limestone and North Horn Formation and are highly calcareous.
Apparently, strongly oxidized B horizons do not form in these parent materials
until leaching has removed the carbonate,

Most of the large landslide deposits in Manti Canyon appear to have
formed during the latter part of late Pleistocene time (10-30 ka). Several
landslides, however, including the Manti slide, have had recurring movement
during Holocene time, although on a much smaller scale than in Pleistocene
time. Information obtained by R. W. Fleming, R. L. Schuster, and R. B,
Johnson (written commun.,, 1984) indicate that debris from the Manti and North
slides began to accumulate on the floor of Manti Canyon about 20,000 B.P.

Most of the debris apparently accumulated after the time of the Pinedale (late
Wisconsin) glacial maximum, possibly during the intervals when the extent of
large, perennial snowfields were being reduced on the Wasatch Plateau.

Weathering of clasts including pitting, etching, granular disintegration,
decomposition, and rind formation are not useful relative-dating techniques in
the area studied. Similarly, lichenometry does not show promise for dating
geologically young deposits in this area., Morphological parameters, such as a
progressive decrease in the slope angle of pressure-ridge sides with increased
age, may be useful for dating landslide deposits. Morphological parameters,
however, were not studied systematically during the 1984 field season.

References

Fleming, R. W., Schuster, R. L., Johnson, R. B., and Robinson, S. L., 1977,
Recent movement of the Manti, Utah, landslide: Symposium on Engineering
Geology and Soils Engineering, 15th Annual, Pocatello, Idaho, April 6-8,
1977, Proceedings, p. 161-178.
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Data Processing, Golden
9950~-02088

Robert B. Park
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1638

Investigations

The purpose of this project is to provide the day to day management and
systems maintenance and development for the Golden Data Processing Center.
The center supports Golden based Office of Earthquakes, Volcanoes, and
Engineering investigators with a variety of computer services. The systems
include a PDP 11/70, several PDP 11/03's and PDP 11/23's, a VAX/780 and two
PDP 11/34's. Total memory is 6.4 mbytes and disk space will be approximately
2.2 G bytes. Peripherals include four plotters, eight mag—-tape units, an
analog tape unit, five line printers, 5 CRT terminals with graphics and a
Summagraphic digitizing table. Dial-up is available on all the major systems
and hardwire lines are available for user terminals on the upper floors of the
building. Users may access any of the systems through a Gandalf terminal
switch. Operating systems used are RSX1l (11/34's), Unix (11/70), RTI11
(LSI's) and VMS (VAX).

The three major systems are shared by the Branch of Global Seismicity and
Geomagnetism and the Branch of Engineering Geology and Tectonics.

Results

Computation performed is primarily related to the Global Seismology and
Hazards programs; however, work is also done for the Induced Seismicity and
Prediction programs as well as for DARPA, ACDA, MMS, U.S. Bureau of
Reclamation, and AFTAC among others.

In Global Seismology and Geomagnetism, the data center is central to nearly
every project. The monitoring and reporting of seismic events by the National
Earthquake Information Service is 100 percent supported by the center. Their
products are, of course, a primary data source for international seismic
research and have implications for hazard assessment and prediction research
as well as nuclear test ban treaties. Digital time series analysis of Global
Digital Seismograph Network data is also 100 percent supported by the data
center. This data is used to augment NEIS activities as well as for research
into routine estimation of earthquake source parameters. The data center is
also intimately related to the automatic detection of events recorded by
telemetered U.S. stations and the cataloging of U.S. seismicity, both under
development.
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In Engineering Geology and Tectonics, the data center supports research in
assessing seismic risk and the construction of national risk maps. It also
provides capability for digitizing analog chart recordings and maps as well as
analog tape. Also, most if not all of the research computing related to the
hazards program are supported by the data center.

The data center also supports equipment for online digital monitoring of
Nevada seismicity. Also it provides capability for processing seismic data
recorded on field analog and digital cassette tape in various formats. Under
development is a portable microprocessor based system to be used by the field
investigations group to do preliminary analysis and editing of temporary local
networks and the GOES Satellite Event Detect System. Recent acquisitions
include the replacement of the PDP 11/40 used for analog input with a

PDP 11/34, expansion of the Nevada Network 11/34 for collection of Western
Slope data for the U.S. Bureau of Reclamation, a second Versatec plotter and a
Tektronix 4014 graphic system.
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Northeastern U.S. Seismicity and Tectonics
9510-02388
Nicholas M. Ratcliffe
U.S. Geological Survey, MS 925
Reston, Va. 22092
(703) 860-6406

Investigations

1.

2.

3.

Vibroseis reflection profiling of Ramapo seismic zone in cooperation
with Virginia Polytechnical Institute and State University

Geologic mapping along vibroseis routes

Two dimensional gravity modeling of data from vibroseis profiles of
Newark Basin

Results

1.

Collection of 40 miles of 12 and 24 fold, 5 sec. reflection data are
planned for early November across the central parts of the Newark
Basin, Hudson highlands of New Jersey and the Green Pond syncline in
the vicinity of Wayne, New Jersey, to near Sparta, New Jersey.

Twenty nine miles of 48 fold vibroseis data across the Newark Basin
in eastern Pennsylvania have been acquired from industry. At
present these proprietary data may be used only in confidential
internal reports for N.R.C.'s evaluation of seismicity.

Geologic mapping in Dutchess County, New York, along our vibroseis
profile was completed this summer and fall. A complex system of
previously unrecognized Paleozoic thrust faults and zones, Mesozoic
normal faulting is present along the northern extension of the
Ramapo fault system extending into the Lower Hudson River Valley.

Field study of the Mesozoic Flemington fault in New Jersey south of
our southern vibroseis profile indicates that this north trending
normal fault dips at shallow angles 25-30° east and underlies
significant areas of the central part of the Newark Basin. If the
principal compressive stress axis is located in the northeast
quadrant as some fault plane solutions of Woodward Clyde and limited
hydrofracture data suggest (Statton, Quittmeyer and Houlday, 1983),
then the Flemington fault is one if not the largest Mesozoic fault
in the Ramapo area that is suitably oriented for thrust
reactivation. Further study of these features is planned.

Ken Kodama (Lehigh University) completed a preliminary two
dimensional model of the gravity data collected in 1983 along our
Ramapo No. 1 seismic line. These results fit well with the
distribution of sediments and deep diabase interpreted to be present
from the vibroseis data.
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Basement Tectonic Framework Studies
Soutnern Sierra Nevada, California

¥910-02191

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

Investigations

I. Field studies of plutonic and metamorphic rocks west of the White Wolf-
Breckenridge-Kern Canyon fault.

2. Revision of Professional Paper manuscript and illustrations on basement
rock geology of the southernmost Sierra Nevada, California, following editing
by Western Branch of Technical Reports.

3. Petrographic study of selected granitic rocks collected last field season
for cnemical analysis.

4. Update a compilation of locations of samples containing sillimanite and
(or) andalusite in the southern Sierra Nevada.

5. Preparation for outsiage publication (Geology) of a manuscript entitled:
"A mafic complex (batholithic root?) in the southernmost Sierra Nevada,
California."

b. Petrograpnic study of thin sections of a suite of basement rocks of the
Scodie Mountains Roadless area east of [sapbella Lake (sections furnished to me
by J. L. Harner and J. F. Seitz).

Results

1. Recent field studies (July, 1984) have delineated several mappable
plutonic units in a previously little-studied area west of the White
Wolf-Breckenridge-Kern Canyon that extends west to the east edge of the San
Joagquin Valley. Preliminary results suggest the presence of a nested granitic
suite, about 20 km across, that consists of three facies that become
progressively more felsic toward the core of the suite. Mapping to the
westernmost exposures of the Sierra Nevada batholitn has also finally put a
northern limit to the seemingly endless exposures of the tonalite of Bear
Valley Springs.
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2. Study of thin sections (the hand specimens were unfortunately discarded)
from the Scodie Mountains Roadless area has enabled me to expand the area of
exposure of the coarsely porphyritic granodiorite of Castle Rock and the
darker granodgiorite of Rabbit Island. These two units are grossly equivalent
to parts of two rather loosely defined, but widely used, rock names in the
southern Sierra Nevada (the Isapella Granodiorite and the Sacatar Quartz
diorite of Miller and Webb, 1940). The thin sections also indicated evidence
of rather large plutons of the fine-grained granite of Onyx, a widespread and
distinctive granitic rock type in the area east of Isabella Lake. Study of
these thin sections provided me with valuable help in planning traverses for
the coming fall field season in this relatively inacessible area.

Reports
Ross, D. C. (in press), A mafic gneissic complex (batholithic root?) in the

southernmost Sierra Nevada, California: Geology (Director's approval,
August, 1984).
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Earthquake Hazard of the Red River Fault
and Related Faults Deduced from Geological Field Studies
in Western Yunnan, P.R.C.

Contract No. 14-08-0001-21289

Kerry Sieh
California Institute of Technology
Division of Geological and Planetary Sciences
Pasadena, CA 91125
(818) 356-6115

Investigations

In the Spring of 1983, Ray Weldon and | went to Yunnan Province, China, to study
the Red River and related faults. A summary of our accomplishments in the field
appeared in a previous "Summaries...." volume.

Results

Since my previous summary (vol. XVIIl, p. 79), we have received several
radiocarbon analyses which indicate that at least 5 large slip events have occurrtﬁ on the
Red River fault in the past approximately 20,000 years. Based on a preliminary " *C
date, we also estimate a slip rate for the fault of about 3 mm/yr for the past 40,000
years.

Publications since previous report

Allen, C.R., Gillespie, A.R., Han Yuan, Sieh, K., Zhang Buchun and Zhu Chengnan,
1984, Study of the Quaternary activities of the Red River fault (1) -- General Survey of
its contemporary activities and evidence of the active faulting: in Chinese with English
abstract: Journal of Seismological Research, Yunnan People's Publishing House,
Kunming, China, 7, no. |, pp. 39-51.

Allen, C.R., Han Yuan, Sieh, K., Zhang Buchun, Gillespie, A.R. and Zhu Chengnan,
1984, Study of the Quaternary activities of the Red River fault (1) -- Its features of
activity, slip rate and recurrence intervals of earthquakes in Chinese with English
abstract: Journal of Seismological Research, Yunnan People's Publishing House,
Kunming, China, 7, no. 2, pp. 171-186.

Allen, C.R., Gillespie, A.R., Han Yuan, Sieh, K., Zhang Buchun and Zhu Chengnan,
1984, "Red River and associated faults, Yunnan Province, China: Quaternary Geology,
Slip Rate and Seismic Hazard": Geological Society of America Bulletin, vol. 95,
pp. 686-700.
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INTEGRATED STUDIES OF EARTHQUAKE POTENTIAL, PREDICTION, AND HAZARDS
IN THE WASATCH FRONT URBAN CORRIDOR AND ADJACENT
INTERMOUNTAIN SEISMIC BELT

14-08-0001-21856

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

Investigations

1. New perspectives on Wasatch Front and Utah earthquake hazards.

2. Earthquake behavior in the Wasatch Front area: association with geo-
logic structure, space-time occurrence, and stress state.

3.  Study of an M, 4.3 earthquake in the western Salt Lake Valley using
digital seism%c data.

4, Deformation rates across the Wasatch fault from seismicity, geodetic
data and paleoslip.

5. Computer generated movies of space-time patterns of Utah earthquakes.
6. Borah Peak earthquake studies.

7. Studies of normal faults from seismic reflection data and source pro-
perties (see D. I. Doser and K. A. Smith's theses).

Results

1. The M 7.3, Borah Peak earthquake, one of the three largest events in the
western U.S. in the last thirty years, has had a profound effect on our
understanding of large-magnitude normal faulting earthquakes. The Borah
Peak earthquake nucleated on an ~50° dipping planar fault at a depth of
approximately 15 km near the base of the seismogenic Tlayer and near the
hypothetical shear stress maxima for a brittle/ductile model. Comparisons
of the Borah Peak earthquake with the two other 1large Basin-Range earth-
quakes, the M 7.1, 1954 Dixie Valley, Nevada (Okaya and Thompson, 1984),
and the M 7.5 1959 Hebgen Lske (Doger, 1984) earthquakes also show nuclea-
tion depths of 15 km on 40~ to 60~ dipping planar faults. With respect to
the potential for equivalent large earthquakes on the Wasatch Front,
seismic reflection data 8how a variation of fault plane geometries with
dips varying from 40° to 65° at depths of 4-6 km, while the surface

*G. Chen, D. I. Doser, P. Eddington, E. Kjartansson, L L. Leu, J.
F. Peinado, K. Renggli, K. A. Smith, and B. Thorbjarnardottir
also contributed to this project during the report period.
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expressions in unconsolidated materials have steeper dips, >75°. Large
through-going planar faults, deeper than 6 km, have not yet been detected
on the Wasatch fault. From the similarities in age and structural style of
the Wasatch fault to the large, M7+ Basin-Range earthquakes, a hgpothetica]
model for a large earthquake on the Wasatch Front suggests an 40 -60° west
dipping fault nucleating at approximately 15 km depth--at locations beneath
the populated urban corridor.

Individual segments of the Wasatch fault differ in background seismi-
city, degree of quiescence, and inferred fault geometry; properties similar
to that of the Lost River fault zone. In the Borah Peak earthquake, the 34
km long segment that broke appeared to have had at least one Holocene event
while adjacent segments have older slip events, greater than 30,000 years.
Thus, we must also consider a plausible model in which an active Holocene
segment may remain active for several slip cycles compared to adjacent
quiescence segments. This suggests that the Ogden, Salt Lake and Provo
segments (Schwartz and Coppersmith, 1984) are candidates for more detailed
investigations.

A heretofore unidentified hazard that could be produced by a future
large normal-faulting event on the Wasatch Front is that of flooding
induced by asymmetric ground subsidence. From empirical measurements of
ground deformation produced by the 1959 Hebgen Lake earthquake (a maximum
credible event) we have calculated the effects of hypothetical faulting
placed at arbitrary locations on the Wasatch fault. These calculation shows
a maximum vertical displacement of ~5 m and an area of asymmetric eastward
tilt of the ground surface that extends westward from fault ~20 km inter-
secting the Great Salt Lake. For two hypothetical locations; one in Boun-
tiful and one in Salt Lake City (for the lake level at 4209 MSL, the 1984
peak run-off level) deformation induced flooding could inundate major urban
areas, industrial centers and transportation links on the west sides of
Bountiful and Salt Lake City. For a hypothetical event near Provo, Utah,
with the Utah Lake level at 4494 feet (the 1984 peak run-off level)
deformation-induced flooding would cover areas on the west and south of the
city, including transportation links, extensive urban developments and farm
areas. The effects of earthquake induced flooding must be considered in an
appraisal of Wasatch Front earthquake hazards even for events in the range
6.5M>7.5.

2. On the basis of special earthquake studies in the southern Wasatch front
area, neighboring parts of central Utah, and SE Idaho,background seismicity
appears to be fundamentally controlled by variable mechanical behavior and
internal structure of horizontal plates within the seismogenic upper
crust(Arabasz, 1984a,b)--resulting from relict pre-Neogene thrust belt
structure and/or Neogene extension. Diffuse epicentral patterns arise from
the superposition of seismicity occurring within individual plates, and
also perhaps from favorable conditions for block-interior rather than
block-boundary microseismic slip. Seismicity gaps associated with the
Wasatch fault zone on both local and regional scales have been re-examined
by Arabasz (1984a). A significant decrease in rate of seismicity in the
region of the Wasatch fault occurred during the 1960's, but statistical
analysis indicates that the change may be explained by larger inter-event
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times consistent with a Poisson process. A critical issue is whether
north-central Utah has a long-term flux for small to moderate-size earth-
quakes that is different--and lower--than that for neighboring parts of the
seismic belt. Regarding stress state, data summarized by Arabasz (1984a,b;
see also last semi-annual rept.) indicate: (1) near-critical in situ stress
differences (at 5 km depth) for frictional sliding near the southern
Wasatch fault, (2) average ESE-WNW (102°-282°) orientation of minimum hor-
izontal compressive stress along the main seismic belt south of lat. 40°N,
and (3) significant mixing of strike-slip and normal faulting from the
southern Wasatch fault southward--suggestive that maximum horizontal
compressive stress is close to the lithostat.

3. An earthquake of M, 4.3 occurred on October 8, 1983, within a seismi-
cally active region  of the western Salt Lake Valley. A well-constrained
focal mechanism for this event indicates n8rma3 faulting 00N 43 north-
northwest striking fault that dips either 68°-80" east or 107-22" west. A
time domain technique for measuring rupture duration (Frankel and Kanamori,
1983) was successfully applied to determine a soygce radius of 1.1-1.4 km.
Combining this with a moment estimate of 1.3 x 10° dyne-cm inferred from
the moment-magnitude relation for Utah earthquakes (Doser and Smith, 1982)
we calculate a stress drop of 21-43 bars.

A11 earthquakes with preliminary locations within 20 km of the M, 4.3
mainshock during the time period January 1981 through November 1983 were
relocated relative to the mainshock, using the master event technique. The
most conspicuous feature of the seismicity in the area during the three
years preceding the mainshock was a cluster of six events located 12 km
northeast of the mainshock epicenter. Five of these 6 events have very
similar waveforms. Cross correlation of bandpass-filtered seismograms for
these events suggests that their hypocenters lie within about 200 m of each
other. Analysis of waveform data for 9 aftershocks shows that some of
events are tightly clustered as well. The breaking of a asperity or group
of asperities during the earthquakes in the ‘'preshock' cluster wmay have
released a locking point on a fault resulting in a transfer of stress to
the location of the main shock. However, the location of the preshock
cluster at a distance of several fault lengths from the mainshock epicenter
weakens the case for a direct connection between this cluster and the ML
4.3 earthquake. (See Pechmann and Thorbjarnardottir, 1984.)

4. Crustal deformation (horizontal components) inferred from contemporary
seismicity and geodetic measurements was compared with Quaternary-Holocene
slip rates on the Wasatch Front as a means of assessing possible areas of
strain accumulation. Seismic moment rate tensors (magnitude and direction
of maximum moment release) were calculated by a new method that diagonal-
izes the strain-rate tensor. Individual source areas were selected on the
basis of homogeneous strain, similarities in fault plane solutions and
similarities in Quaternary geology.

The northern Wasatch fault showed a 0.1 mm/yr deformation rate due to
earthquakes while geodetic data from triangulation and trilateration
inferred a rate of approximately 1.0 mm/yr. These rates compare to esti-
mates of paleoslip of approximately 1 mm/yr. This result suggests that
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considerable strain release may be accommodated by aseismic slip. For the
southern Wasatch Front, earthquake related slip accounted for ~0.1 mm/yr
compared with 0.4 mm/yr measured geodetically and 0.8 mm/yr from paleoslip.
Hansel Valley had the greatest contemporary strain release of earthquakes
of 1.5 mm/yr compared to relatively poor estimates of 0.3 mm/yr from
paleoslip. No geodetic data are available in areas off the Wasatch fault.
The Bear River Range and East Cache fault zone show considerably 1less
deformation at 0.3 mm/yr from active seismicity and 0.2 mm/yr for
paleoslip.

The average slip rate for the ISB in Utah was 0.5 mm/yr for active
seismicity compared to 0.6 mm/yr paleoslip estimates--a suggestion of an
overall strain balance for the 500 km length of the active seismic zones in
Utah. From these results we infer that the current seismicity rate is gen-
erally representative of the Holocene deformation

5. To evaluate the spatial and temporal variations of seismicity in Utah,
two computer generated movies prepared with the help of Einar Kjartansson.
The movies cover: (1) pre-instrumental seismicity, 1850-1961, and (2) The
recent and most accurate network coverage 1962-1983. Earthquake epicenters
superimposed on a state map were plotted on a colored CRT where earthquake
magnitudes were scaled by color and screen duration. Spatial trends, tem-
poral progressions and relationships of seismic gaps to surrounding
microseismicity will be examined with these movies. We thank the Stanford
Expioration Laboratory for allowing the use of their computer facilities
for generating the movies.

6. The Borah Peak, Idaho earthquake (M_ = 7.3) sequence was examined in
detail using a 25 station regional netwdrk (A<600 km) and a dense temporary
network (A<50 km) for the time period October 28, 1983 to August 22, 1984.
No foreshock activity above magnitude 2.0 was detected. The main shock and
first 3 weeks of aftershock activity define a 75 km x 15 km zone parallel
to the surface rupture but displaced laterally to the southwest by 5 to 10
km. Seismicity does not appear to have migrated spatially during the first
3 weeks after the main shock. The Tocation of the main shock is at the
base of the seismogenic zone SW of the surface rupture suggesting unila-
teral rupture to the NW. Analysis of later aftershocks through August 22,
1984 shows an increase of activity 10 to 15 km north of the surface rupture
inciuding a magnitude 5.8 event on August 22, 1984. Fault plane solutions
for the entire sequence indicate predominately normal faulting with varying
components of strike sTip.

The 1983 Borah Peak earthquake occurred in an area of Basin -Range
style tectonics at the base of a block faulted mountain range and occurred
in an area geologically considered to have the potential for a Targe magni-
tude earthquake. However, the event was not preceded by perceptible
foreshock activity nor was it associated with regional seismicity trends.
Crustal structure in the Borah Peak area appears to be transitional between
the Basin-Range to the south and the northern Rocky Mountains. The regional
pattern of historic seismicity shows a concentration of seismicity
throughout central Idaho that is associated with the Targe area of hot
springs and a possible northeast-trending boundary of an extinct caldera.
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The northwest trending belt of seismicity associated with the Borah Peak
earthquake is orthogonal to that of the central Idaho area suggesting a
complex zone of stress interaction.

Regional fault plane solutions from historic earthquakes in central
Idaho suggested northeast-southwest regional extension, the same as that
inferred from the main shock fault plane solution. Borah Peak fault
kinematics inferred from accurate hypocenters, and hypothesized crustal
rheologies suggest that the earthquake occurred at a peak in the sheii
stiess versus depth curve for a quartz rheology and a strain rate of 10~
s *. Ninety percent of the aftershocks occurred above the maximum shear
stress depth and it appears that the main shock nucleated near region of
the hypothesized transition from brittle to quasiplastic flow.
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Seismicity and Tectonics
9920-01206

William Spence
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 236-1506

Investigations

Studies carried out under this project focus on detailed investigations of
large earthquakes, aftershock series, tectonic problems,and earth structure.
Studies in progress have the following objectives:

1. Provide tectonic setting for and analysis of the 1977 Sumba earthquake
series (W. Spence).

2. Provide tectonic setting for and analysis of the 1974 Peru gap-filling
earthquake (W. Spence, C. J. Langer, and J. N. Jordan).

3. Determine faulting parameters (strike, dip, slip) for aftershocks of the
great (MS 7.7) Colombia earthquake of December 1979 and infer rupture
characteristics of the main shock (C. Mendoza).

4, Determine the maximum depth and degree of velocity anomaly beneath the Rio
Grande Rift and Jemez Lineament by use of a 3-D, seismic ray-tracing
methodology (W. Spence, R. S. Gross, and L. H. Jaksha).

Results

1. The great (M, = 4 x 1028 dyne-cm), normal-faulting Sumba earthquake of
1977 occurred at the Java Trench, just west of the zone where the Australian
continental lithosphere is in collision with the Java arc. Aftershocks of the
Sumba earthquake have been relocated by the joint hypocenter method and occur
in two zones: an east-west trending zone, mostly east of the main shock, and
a triggered northwest— southeast-trending zone located about 180 km northwest
of the main shock. Both sets of earthquakes are confined to the 40-km-thick
brittle portion of the oceanic lithosphere. Focal mechanism data for the
aftershocks in the main shock zone and in the triggered zone combined with
study of the detailed tectonic setting support the conclusion that both the
Sumba main shock and the triggered group of earthquakes occurred directly as a
result of the slab pull. The main shock may be part of a continuing process
of detachment of the subducted oceanic lithosphere from the Australian
continental lithosphere, rather than being a simple plate-bending event.

2. The great 1974 Peru thrust earthquake (Mg 7.8, M, 8.1) occurred in a
documented seismic gap, between two earthquakes each with magnitude of about
8, occurring in 1940 and 1942. Additional major earthquakes occurred in this
region in 1966 and in 1970; all but the 1970 shock represent thrust

faulting. The stress release of the October 3, 1974 main shock and
aftershocks occurred in a spatially and temporally irregular pattern. The
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multiple-rupture main shock produced a tsunami with wave heights of 0.6 ft at
Hawaii and which was observed, for example, at Truk Island and at Crescent
City. The aftershock series essentially was ended with the occurrence of a Mg
7.1 aftershock on November 9, 1974.
3. Three large earthquakes, occurring in 1942, 1958, and 1979, have
reruptured the zone of the single great Colombia-Ecuador earthquake (M 8.6,
8.8) of January 31, 1906. The last of these (December 12, 1979; M. 7.7)
ruptured the northernmost part of the 1906 rupture. This thrust earthquake
was followed by numerous aftershocks as large as magnitude 5.5. A joint
hypocenter relocation of these aftershocks indicates that most of them
occurred at or near the interface between the Nazca plate and the overriding
South American Plate. Long-period Love- and Rayleigh-wave spectra in the 30-
80 second band, as recorded by the Global Digital Seismograph Network, are
being used to determine the fault parameters (strike, dip, and slip) at the
corresponding source depths of many of these aftershocks. The procedure is to
compare the observed spectra with a suite of theoretical source models until a
best fit is obtained. The best fit is further constrained by taking ratios of
the observed spectra to that of a standard, reference event. The latter
procedure serves to remove perturbations of the observed spectra due to path
effects. The final set of aftershock magnitudes, hypocenters, and faulting
parameters will be used to infer the detailed rupture characteristics of the
1979 main shock and thus to provide insight into the nature of earthquake
occurrence at this segment of plate convergence.

4. To a depth of about 160 km, the upper mantle P-wave velocity beneath the
Rio Grande rift and Jemez lineament is 4-6 percent lower than beneath the High
Plains Province. A 3-D, P-wave velocity inversion shows scant evidence for
pronounced low P-wave velocity beneath the 240-km—-long section of the Rio
Grande rift covered by our array. However, the inversion shows a primary
trend of 1-2 percent lower P-wave velocity underlying the northeast-trending
Jemez lineament, down to a depth of about 160 km. The Jemez lineament is
defined by extensive Pliocene-Pleistocene volcanics and late Quaternary
faults. The upper mantle low-velocity segment beneath the Jemez lineament is
at most 100 km wide and at least 150-200 km long, extending in our inversion
from Mt. Taylor through the Jemez volcanic center and through the Rio Grande
rift. A Backus-Gilbert resolution calculation indicates that these results
are well-resolved.

Regorts

Mendoza, C., and Dewey, J. W., 1984, Seismicity associated with the great
Colombia-Ecuador earthquakes of 1942, 1958, and 1979: implications for
barrier models of earthquake rupture: Bulletin of the Seismological
Society of America, v. 74, no. 2, p. 577-593.

Spence, W., 1984, Slab pull and the 1977 Sumba earthquake series: EOS
(American Geophysical Union, Transactions), v. 65 (in press).
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Tectonic Analysis of Active Faults
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Robert E. Waltace
Office of Earthquakes, Volcanoes and Engineering
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2751

Investigations

1. Evaluation of fault scarps and tectonics of the central Nevada and eastern
California seismic belts.

2. Active Tectonics--Impact on Society. A project under the auspices of the
Geophysics Study Group, National Research Council, National Academy of
Sciences.

3. International Geological Correlation Program - Active Faults of the World.

4. U.S. Geological Survey/State Seismological Bureau, People's Republic of
China. Investigations of active faults in Ningxia and Ganzu Provinces, PRC.

Results

1. Completed a vreport for publication (Dave Hill, first author) on the
potential for major earthquakes in the Long Valley-Mono Craters region of
eastern California.

2. Completed first draft of volume on Active Tectonics - Impact on Society.

3. Attended organizational workshop for IGCP project on Active Faults of the
World in Kobe, Japan, May 1984.

4., Active faults in People's Republic of China. - Bob Bucknam, Tom Hanks and
I spent June 1984 studying the faults that offset the Great Wall near
Shizuishan, Ningxia Province, PRC, in 1739. Among of our findings were that a
free face was well preserved along much of the southern segment of the scarp.
The free face was 2-3 m high in many places. I had previously published an
estimate, based on work in Nevada, that free faces might last more than 300
years, and possibly as much as 2,000 years. The free face along the 1739
scarp, and a small remnant of free face along a manmade cut near Gaotai (see
later paragraph) which is possibly 2,000 years old seem to support the earlier
estimates. The total height of the scarp ranged up to 8 m. The Great Wall
was offset in three places by branches of the fault. At the westernmost
break, the wall was offset 1.4 m right laterally and 0.95 m vertically, east
side down; at the main break, the offsets were about 2 m both right laterally
and 2 m vertically, east side down. The easternmost break offset the wall
0.75 m vertically, west side down, and left lateral offset was questionable,
but possibly as much as 0.2 m.
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The Great Wall had been built in 1531 across the fault scarp along which
the 1739 break occurred. The profile of the older scarp, also reflected in
the shape of the Great Wall, indicated an age of 12-15,000 years. The pro-
file, analyzed according to an error function solution of the diffusion model,
proved to be nearly identical to the profiles of wave-cut cliffs at the high
stands of glacial Lakes Lahontan and Bonneville, the ages of which are between
12,000 and 15,000 years B. P.

Near Gaotai, Ganzu province, an earthquake struck in 180 AD. We ex-
amined some high angle reverse faults in an alluvial fan and pediment south of
Gaotai that conceivably could have been the causative faults. The pediments
and fan surfaces are warped at the faults and little new gravel and sand have
been deposited across displaced units. Prominent scarps, which had been
reported to be possibly related to the earthquake, proved to be manmade and
parts of a great irrigation project. Four to five more-or-less parallel
channels extend for 40 km parallel to the north flank of the Yu Mu Shan
(mountains) south of Gaotai. The channels slope at about 1 m per km westward
toward the walled City of Camels. The construction of the channels suggests
that they may also have served as a defensive barrier. The channels are said
to have been dug in the Han dynasty, 206 BC to 220 AD, but that is yet to be
confirmed.

We have been told by China scholars that our measurements and report
about the Great Wall of China are the "first scientific report" about
defensive trenches along the Great Wall. Apparently, we have gathered both
unusual archaeological as well as geological data.

Reports
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Mary Lou Zoback
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Menlo Park, California 94025
(415) 323-8111, Ext 2367

Investigations

1.

Investigation of crust and upper mantle structure beneath the western
United States using an integrated analysis of gravity, seismic refraction,
heat flow, and surface elevation data.

2. Analysis and compilation of stress data from circum—Pacific continental
regions.

3. Analysis of the current state of stress along the Wasatch front region,
Utah

Results

1. An integrated analysis of gravity, seismic refraction, surface elevation,

and heat flow data has been used to constrain crust and upper mantle
structure beneath the Western United States, A simple model in which the
level of isostatic equilibrium lies at the base of a themmally defined
lithosphere has been found to fit the data quite well. The model
specifies surface elevation in terms of lithosphere buoyancy, which is a
simple function of 1lithospheric thickness, the difference between mean
li thosphere and asthenosphere density, and a constant related to the level
to which asthenospheric material would rise if not overlain by
lithosphere. This 1latter constant is obtained using a midocean ridge
standard mass column. The crustal component of 1lithosphere buoyancy is
computed from density models derived from seismic refraction studies.
Mantle 1lithosphere density is computed from thermal expansion, using a
mean lithospheric temperature. This temperature is derived from the
lithosphere base temperature (assumed to be 13509C) and a crustbase
temperature estimate from heat flow and |Theat production data.
Lithospheric thicknesses computed from buoyancy considerations for
different regions in the Western United States are as follows: northern
Basin and Range province, 5565 km; southern Basin and Range province,
50-60 km; Colorado Plateau, 90-100 km; and the Southern Great Plains, 170
km. Four long (approximately 1000-1500 km) gravity profiles have been
constructed to check the results of this buoyancy-elevation model. All
four profiles intersect near the center of the Colorado Plateau; two
originate in the northern Basin and Range province and the other two cross
the southern Basin and Range. The computed lithosphere thicknesses and
densities provide an excellent fit to the gravity data and are similar to
thermal 1lithosphere thicknesses that would be predicted from a simple
downward extrapolation of temperature gradients.
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2, Stress data were collected for the entire circum-Pacific region as part of
the Circum-Pacific Geodynamic Map Series. Most data were obtained from
the literature and through collaboration with foreign scientists., In
addition to the stress data, the Geodynamic Map includes earthquake
epicenters (color-coded by depth), focal mechanisms, free—air gravity
contours, active volcanoes and historic faulting. The map series consists
of 4 quadrant maps (1:10,000,000), an Antartica sheet (1:10,000,000), and
an entire Pacific Basin sheet (1:17,000,000). To date only the northeast
quadrant map has been published, the other 5 maps are in various stages of
proofing and are scheduled for publication some time before the end of
1984,

3. Available stress data along the Wasatch front including earthquake focal
mechanisms, Holocene slickenside studies, and hydraulic fracturing tests
have been integrated with analysis of stress-induced well bore elongation
("breakouts™) in six deep wells in the vicinity of the southern Wasatch
fault. The available data indicate high stress differences between the
maximum principal stress, Sj, (assumed vertical) and the minimum
horizontal stress, S3, The data also suggest that both horizontal
stresses (Sy and S3) are approximately equal in magnitude and that
there is no strongly preferred orientation for the minimum horizontal
stress other than that dictated by the generally N-S striking normal
faults which are currently active.

Reports

Rapp, R. H., Zoback, M. L., Mauk, F. J., Tarr, A, C., Moore, G. W., Simkin,
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the Circum—Pacific region, northeast quadrant, American Association of
Petroleum Geologists, scale 1:10,000,000.

Zoback, M. L., 1984, Constraints on the in-situ stress field along the Wasatch
front, in Proceedings of a Workshop on Evaluation of Regional and Urban
Earthquake Hazards and Risk in Utah: U.S. Geological Survey Open File
report, in press.

Zoback, M. L., and Lachenbruch, A. H., 1984, Upper mantle structure beneath
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Holocene deformation near Coalinga, California
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Brian F. Atwater, Project Chief
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, CA 94025
(415) 323-8111 x2031 FTS 467-2031

GOAL AND APPROACH

The project's goal is to place constraints on Holocene earthquake history
near Coalinga. The approach is to measure Holocene deformation on the
Coalinga Nose anticline. This anticline grew as much as 0.5 m during the
Coalinga earthquake of May 1983. The anticline is crossed by a major Coast
Range stream, Los Gatos Creek. Deposits of Los Gatos Creek may thereby
express earthquake frequency by expressing anticlinal uplift, providing
aseismic uplift is negligible and large Holocene earthquakes were accompanied
by uplift comparable to that of 1983.

Ideal structural datums in Los Gatos Creek alluvium would be alluvial
plains having similar initial profiles and substantially different ages. Such
plains should converge over a rapidly growing anticline, diverge over a
rapidly growing syncline. For example, if the anticline grows 25 cm per
century, then alluvial plains differing in age by 2000 years should converge 5
m over the anticline. The project thus consists of efforts to identify and
trace such alluvial plains, chiefly through study of the physical stratigraphy
and radiocarbon ages of Holocene deposits exposed in banks of Los Gatos Creek.

COLLABORATING SCIENTISTS

John C. Tinsley and David A. Trumm (Branch of Western Regional Geology, USGS,
Menlo Park)

Ross E. Stein (Branch of Tectonophysics, USGS, Menlo Park)

Allen B. Tucker (Dept. of Physics, San Jose State Univ.)

Douglas J. Donahoe and A. J. T. Jull (Dept. of Physics, Univ. of Arizona)

INVESTIGATIONS

1. Measurement and description of 28 stratigraphic sections in Holocene
alluvium along Los Gatos Creek. Six of the sections are located on the
Coalinga Nose anticline; the remainder are in adjacent synclines. Vertical
control for the sections has been established by vertical-angle surveying with
closure error 18 cm over a line 20 km long.

2. Radiocarbon dating of detrital charcoal and burned-in-place charcoal
from the measured sections. About 100 charcoal-rich samples have been

¥For administrative convenience, the project has no number of its own, and its
funds have been banked with those of the Foothills Fault System project (9540-
02190; D. E. Stuart-Alexander, project chief).
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collected and cleaned. Thirteen bulk samples (weight greater than 1 g) have
been submitted to the USGS lab in Menlo Park for conventional beta-decay 1 C
dating. In addition, 28 small (5-65 mg) samples have been submitted for
accelerator C dating at the NSF Regional Facility for Radioisotope Dating,
University of Arizona. None of the conventional dates are available at this
time, but 13 of the accelerator dates have been determined.

RESULTS

1. A buried alluvial plain about 500 years old does not measurably
converge toward the modern alluvial plain over the axis of the anticline. But
the difference in age between these plains may be as little as 100 years
because the modern alluvial plain appears to be relict. Therefore the
approximate parallelism of the plains merely argues against extremely rapid
latest-Holocene uplift (say, uplift of 2 m per century, which would entail a
repeat time of 25 years for earthquakes accompanied by 0.5 m of anticlinal
uplift).

2. Radiocarbon control is as yet too sparse to reveal the amount of

convergence, if any, of alluvial plains older than 500 years. But available
1UC results do show that the measured sections contain Los Gatos Creek
alluvium as old as 5000 years. Therefore it may be possible to detect the
relatively gradual uplift (say, uplift of 0.1 m per century) that could
express repeat times of 500 years for earthquakes comparable to the 1983
event,

REPORTS

Atwater, B. F., Tinsley, J. C., Stein, R. E., Trumm, D. A., and Wert, S. L.,
1984, Late Holocene alluvial plains as structural datums across the
Coalinga Nose - Guijarral Hills anticline, Fresno County, California in
Rymer, M. J., and Ellsworth, W. L., eds., Proceedings of Conference XXVI
-- Mechanics of the May 2, 1983, Coalinga earthquake: U. S. Geological
Survey Open-File Report 84- .

Tucker, A. B., Tinsley, J. C., Atwater, B. F., Trumm, D. A., Robinson, S. W.,
Donahue, D. L., and Jull, A. J. T., 1985, Acclerator dating of detrital
and burned-in-place charcoal from the alluvium of Los Gatos Creek, Fresno
County, California, U.S.A., submitted to the 12th International
Radiocarbon Converence, to be convened at the Norwegian Institute of
Technology, Trondheim, Norway, June 24-28, 1984 (Director's approval
received 10/23/84).
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Menlo Park, California 94025
(415) 323-8111, Ext. 2245

lavestigations

1. Statistical data related to surface faulting.

2. Appearance of active faults in exploratory trenches.

3. Field investigations of surface faulting.

Results

1. Two manuscripts relating earthquake magnitude to rupture length and fault

displacement at the ground surface were revised after review by ]
Seismological Society of America referees and submitted for publication.

Data on the effect that material penetrated and fault displacement have on
the visibility of faults in exploratory trenches was entered in the
computer. Preliminary analysis indicates that about 10% of the fault
strands shown in the trench logs have obscure segments (i.e., segments in
which tnhe fault is not visible or is very obscure). Obscure strand
segments are more common on strike-slip faults than on dip-slip faults and
more common in coarse-grained than in fine-grained sediments. Recognition
of the possibility that obscure segments can exist is important when
inferring time of last displacement on a fault and recurrence times of
displacement.

Draft reports were prepared concerning surface faulting accompanying the
Idaho earthquake of October 28, 1983 and the Guinea earthquake of

December 22, 1983 (see preceding volume of "Summaries of Technical
Reports"). Part of the epicentral area of the magnitude 6.1 Morgan Hill,
California earthquake of April 24, 1984, was searched for surface faulting
but only minor fractures of uncertain origin were found.

Reports:

D e

Bonilla, M. G., Villalobos, H. A., and Wallace, R. E., 1984, Exploratory

trench across the Pleasant Valley fault, Nevada: U.S. Geological Survey
Professional Paper 1274-B, 14 p.

Bonilla, M. G., Mark, R. K., and Lienkaemper, J. J., 1984, Statistical

relations among earthquake magnitude, surface rupture length, and surface
fault displacement: U.S. Geological Survey Open-File Report 84-256.

Bonilla, M. G., Mark, R. K., and Lienkaemper, J. J., 1984, Statistical

relations among earthquake magnitude, surface rupture length, and surface
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fault displacement: Seismological Society of America Bull., v. 74, no. 6
(in press).

Lienkaemper, J. J., 1984, Comparison of two surface-wave magnitude scales: M
in Gutenberg and Richter (1954) and M_ of Preliminary Determination of

Epicenters: Seismological Society of America Bull., v. 74, no. 6 (in
press).

Harms, K. K., Clark, M. M., Rymer, M. J., Bonilla, M, G., Harp, E. L., Herd,
V. G., Lajoie, K. R., Lienkaemper, J. J., Mathiesen, S. A.,
Perkins, J. A., Wallace, R, E., and Ziony, J. I., 1984, The April 24, 1984
Morgan Hill, California earthquake: The search for surface faulting:
U.S. Geological Survey Open-File Report 84-498A, The Morgan Hill,
California, earthquake of April 24, 1984 (A Preliminary Report),
p. 92-108.
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SOIL DEVELOPMENT AND DISPLACEMENT
ALONG THE HAYWARD FAULT

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

(415) 671-4926

Investigations

Itshighrateofactivity 05 mm/yr) and urban location make the Hayward fault
potentially more destructive than any other fault in the San Francisco Bay Area.
Many of the area's most important lifelines cross the fault as they enter the
metropolitan area from the east (Davis and others, 1985). But aside from sketchy
historical accountsmentioning that between 8 and 36 inches of ground surface rup-
ture occurred over a distance of up to 60 km during the 1868 event, very little
information is available for estimating future catastrophic displacement. If
evidence of the amount of displacement per event exists at all, it would be found
primarily in the most recent sediments and soil horizons straddling the fault. The
objective of thisresearch program is to determine the recurrence interval and the
amount of displacement to be expected for major earthquakes on the Hayward fault.

Recenteffortsinusing soilmineralogical techniquestodetermine the amount
of displacement and the relative ages of surficial materials have met with great
success in studies of the Foothill fault system (Borchardt, Taylor, and Rice, 1980;
Borchardt, Rice, and Taylor, 1980), the bedding plane faults of the Point Conception
LNG terminal site (Borchardt, Rice, and Treiman, 1982), and the Raymond fault
(Borchardt and Hill, 1985). Justgettingunderway, this project will entail:

1. Compiling a list of soil series offset by the fault.

2. Preparing a map of all archaeological sites within the Alquist-Priolo Special
Studies Zone encompassing the fault.

3. Evaluating consultants' reports prepared for the Alquist-Priolo Special Studies
Zone for precise fault locations and for information on soil sites that might yield
information on displacement history and recurrence interval.

4. Excavating four seismic investigation trenches, two planar excavations, and
several soil pits.
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5. Describing, sampling, and characterizing in detail four soil profiles displaced
by the Hayward fault by using physical, geochemical, and soil mineralogical methods.

Results:

1. Atleast 25 differentsoil typesareoffsetalong the Hayward fault. Abouthalf
of these are developed on Holocene materials young enough to be of special interest
to this project. Some of these soils have Bt, Bg horizons, contain gypsum,
carbonate, or saline-alkali accumulations that are expected to aid in discovering
microgeomorphological features useful for determining fault displacement per event
during the late Holocene.

2. Offset vertisols were described and sampled at Appian Way in Union City, Alquire
Rd. in Hayward, and at High St. in Fremont.

3. The first site selected for detailed investigation is at Point Pinole at the
northwestern end of the fault. The fault was precisely located from 1939 aerial
photos and from projections of creep evidence in a housing development to the
southeast. Reyes silty clay, a late Holocene soil developed on the tidal flat and
characterized by a gleyed B horizon, is clearly offset by the fault. Thesouthwest
side of the fault at Point Pinole appears to consist entirely of landslides and
coastal slumps interspersed with soils and materials possibly useful for determining
displacement history.
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Soil-Structure and Structural Response Studies T-3

9910-02760
A. G. Brady & G. N. Bycroft

Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111 x2881

Investigations

1. Instumentation of San Francisco Bay Area structures.

As a result of the agreement between the ambient tests and the dynamic
computer study of the Great Western building in Berkeley, 12 accelerometer
sites have been chosen for the permanent instrumentation of this building. An
electrical contractor familiar with our requirements for cabling has investi-
gated the facility, and work will commence as soon as he has finished a
similar cabling job on the Pacific Park Plaza in Emeryville.

A complete report on the recommended list of structures for seismic
instrumentation in the San Francisco Bay region by the USGS San Francisco Bay
Region instrumentation advisory committee has been prepared (M. Celebi,
chairman). The contribution from this project is the selection procedure by
which the structures were placed in a priority list.

2. Time-dependent structural response.

At the seminar and workshop on Earthquake Ground Motion and Building
Damage Potential held by the Applied Technology Council in San Francisco,
March 27, 1984, interest was expressed in the contribution by Perez and Brady
describing the demands made on a structure's ductility as the structure moves
through many cycles of response during earthquakes. The paper has been added
to and reworked and has been accepted in the first, introductory, issue of
Earthquake Spectra, the journal of the EERI.

Work continues on the effects on structures with different damping than
the standard 5% of critical, and on structures exhibiting non-linear
characteristics, namely elasto-plastic force-displacement behavior. Current
results show that the assumptions made regarding the displacements attained by
these structures, whether they remain elastic or enter the elasto-plastic
regime, are valid.

3. Soil-structure interaction and field testing.

SRI International, Menlo Park, California, has completed a series of
aligned explosive shots near a model structure to demonstrate the feasibility
of producing a simulated earthquake motion at the foundation of a structure.
We took the opportunity to carry out three important procedures during this
series of seven shots.

(a). Refining our skills at placement of accelerometers and digitally
recording under a timed explosive environment rather than ambient
(wind-excited) or earthquake environment.
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(b). Experimental verification of soil-structure interaction affects by
constructing a simple structure (4 ft diameter, 3 ft high, pedestal)

and measuring motion on the structure, and at two of its symmetric
image locations.

(c). Comparison of the technical requirements in day-long setting up of
equipment (for example, film recorders and two different
manufacturers' digital recorders); the reliability of their
recording; and the handling of problems associated with
synchronizing of master/slave instruments when no external time
source (WWVB or time code generator) is available.

4. Soil-structure interaction and differential ground motions.

Research on the effect of soil-structure interaction and differential
ground motions on the motion of structures was continued. The effect of soil
structure interaction on the recording of accelerograms has been studied
further with a paper in preparation. Initial design of experiments to verify
corrections of accelerograms for soil structure interactions was made.

Papers on soil-structure interaction and its effect on seismograms are in
preparation.

Reports

Perez, V., and Brady, A.G., 1984, Reversing cyclic demands on structures
during earthquakes and application to ductility requirements. Accepted
for publication, Earthquake Spectra.

"Report on recommended list of structures for seismic instrumentation in
the San Francisco Bay region", USGS San Francisco Bay region
instrumentation advisory committee, M. Celebi (Chairman), USGS Open-File
Report 84-488.
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Holocene and Quaternary Geologic Studies
9540-03787

Robert 0. Castle
Branch of Western Regional Geology
345 Middlefield Road MS 975
Menlo Park, CA 94025
(415) 323-8111, ext. 2293

Investigations

1. Resumed studies of historic surface deformation along the Newport-
Inglewood zone between the Dominguez Hills and Newport Beach. These studies
are aimed primarily toward the discrimination of tectonic deformation, where
the major vertical displacements consist chiefly of movement associated with
changes in the underground fluid regime.

2. Continued investigations of historic deformation within and adjacent to
the Salton Trough and the contrast in tectonic activity between southeastern
California and southwestern Arizona.

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

Results

1. Comparisons among the results of repeated geodetic levelings propagated
eastward through southern California into southwestern Arizona tend to confirm
the geologically inferred tectonic stability of this part of Arizona. This
stability, moreover, is consistent with the virtual absence of seismic
activity east of the Colorado River. Analyses of the results of the more
recent levelings has been complicated by the occurrence of compaction-induced
subsidence, attributable to ground-water withdrawals, at critical connecting
bench marks during junction intervals ranging up to a year or more.
Disregarding the effects of compaction-induced displacements during the cited
Jjunction intervals could lead to an interpretation requiring broad, regionally
developed historical block movement over much of southwestern Arizona.
Preliminary analyses of the results of third-order, wooden-rodded leveling
(the least accurate geodetic leveling carried out in the United States during
the 20th century), coupled with the acceptance of the geologically inferred
premise of tectonic stability over most of southwestern Arizona, suggests that
these surveys were characterized by a much higher accuracy than heretofore
believed.

Reports
Castle, R. 0., Elliott, M. R., Church, J. P., and Wood, S. H., The evolution

of the southern California uplift, 1955 through 1976; U.S. Geological
Survey Professional Paper 1342 (in press).

100



LATE QUATERNARY SLIP RATES ON ACTIVE FAULTS OF CALIFORNIA
9910-03554

Malcolm M. Clark
Brancn of Engineering Seismology and Geology
345 Midalefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, Ext. 2591

1. Searcn epicentral area of April 24, 1984, Morgan Hill, California,
eartnquake for surface rupture (K. K. Harms, M. M. Clark, M. J. Rymer, and
J. J. Lienkaemper),

2. Dig tnree trenches across the Nunez fault, northwest of Coalinga, to
determine near-surface structure of tne fault and its late Quaternary history
of movement, Remeasure nine leveling lines across the fault (M. J. Rymer and
J. J. Lienkaemper).

3. Convene a symposium, with W. L. Ellsworth, on mechanics of the May 2,
1983, Coalinga earthquake (M. J. Rymer).

4. Continue investigation of soils and ages of offset of fluvial terraces of
Tres Pinos Creek along Calaveras fault south of Hollister, California (J. W.
Harden, K. K. Harms, M, M, Clark, and S. N. Hoose),

5. Continue analysis of Lone Pine fault in Owens Valley, California (Lester
Lubetkin, U.S.F.S., and M, M. Clark).

Rg;ults

1. Post-eartnquake investigation of abundant ground cracks associated with
tne April 24, 1984, Morgan Hill eartnquakes revealed no unequivocal evidence
of surface faulting. (racks in two places in San Felipe Valley were aligned
with late Quaternary fault traces, pbut showed no tectonic displacement.
Cracks near the southeast ena of Anderson Reservoir snowed right slip of more
tnan 0.1 m, but were either in or near active landslides or in short zones
that had no continuity of displacement or trend along strike in the fault
zone., We tnink the eviaence does not demonstrate surface faulting, but we
cannot deny the possipility tnat some cracks were tectonic.

2. Tne Nunez fault as exposed in the walls of one trencn in Holocene fluvial
deposits and two trencnes dug in Cretaceous rocks, shows great complexity and
a varianle dip of 65 to 80° E. in tne upper 3-4 m. The trench in Holocene
flooda and overbank deposits revealed a nearly completely homogeneous pebbly,
silty sand overlying a pebble to poulder gravel. Near the top of the section
are 1- to 2-cm-thick sand and silt laminae., A discreet planar surface does
not cut tnese materials, but a 10 cm vertical warp is noticeable in the sand
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and silt laminae. Fourteen cnarcoal samples were taken from deposits in tne
walls of tnis trencn for 14C dating and will give a minimum age for

recurrence of faulting in tnis segment of the Nunez fault. In Cretaceous rock
near tne nortnern ena of the soutn Nunez preak tne trencn walls revealed a
main trace, with a 5- to 7-cm-thick fault gouge, and four parallel slip
planes, one being west of the main trace. Measurement of the rake of mullions
on a slickensiaed surface along the main trace indicate that the proportion of
rignt-lateral slip relative to reverse slip in the 1983 event was about 24
percent, similar to otner localities along the 1983 rupture where
rignt-lateral and reverse slip components were measured.

Remeasurement of nine leveling lines across the Nunez fault revealed
continued afterslip on the five lines in the southern segment and the
nortnernmost line in tne nortnern segment. Remeasurements in May and August,
1984 snow linear decay of slip with the logarithum of time along these six
lines. Leveling 1ine N2 at the nortn end of the southern Nunez break has
consistent!y nad tne largest vertical (reverse) movement in all measurement
perioas., Cumulative afterslip on this line from July 17, 1983, to August 18,
1984, is 63 mm, approximately 60 percent as large as the coseismic slip at
tnis locality. Measurement of right-lateral afterslip on line N7, also in the
southern preak, by Betn Brown in Novemper, 1983, and April and June, 1984,
similarly snows decay of movement along tne fault in time. Tne proportion of
rignt-lateral to vertical (reverse) movement measured on leveling line N7 is
the same as measured for coseismic slip in the northern segment of the fault,

3. A symposium was convened at Asilomar, California, to discuss the mechanics
of tne May 2, 1983, Coalinga eartnquake. Thirty-five investigators
participated in the interdisciplinary meeting. A symposium volume (OEVE
redoook) is in preparation.

4. Measurements on multiple stream terraces of Tres Pinos Creek yield
horizontal slip rates along tne Calaveras fault. Two approaches, using offset
late-Quaternary features, provide four independent slip rates for different
periods along this segment of tne fault.

One metnod of determining slip rates is to constrain ages on norizontally
displaced terrace risers. At one location the offset has a large uncertainty
because apparent displacements could have been formed by mass wasting, fluvial
action, fault movement, or a compination of these processes. We determine the
minimum and maximum ages of offsets by using quantification of soil
aevelopment (caliorated to that of otner soils of known age) to date those
terraces older and younger tnan the offset. Tne three resulting horizontal
slip rates using this wetnod are 0.6-4.2, 2.8-10.4 and 3.2-12.9 mm/yr.

A second approach we nave used is to determine the timing of a major
change in the course of the Tres Pinos Creek and to relate this change to a
nill offset along the fault. Tnis nill has been offset approximately 450 m
beyond tne location wnere it blocked tne present drainage. By determining the
age of the youngest deposits associatea with the abandoned course, and that of
the oldest deposits associated with the present course, tne age of the offset
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can pe constrained to 80-600,000 yrs. Tne resulting slip rate is 0.8-5.6
mm/yr. Qur excavations on this nill, nowever, revealed a relatively young
soil, suggesting either stripping of tnhe soil or substantial vertical uplift
across the fault. If the uplift nas occurred, the hill may not have blocked
the present drainage.

5. Offset surficial features ana scarp morphology along the Lone Pine fault
in Owens Valley combine to yield distinctly different slip rates from sites
only 220 m apart. Tnis inconsistency may be real or only apparent, but it
must be resolved before a reliable slip rate for the fault can be determined.

Average mdaximum dip-slip displacement of an abandoned outwash fan is
5.5 m, measured from many profiles of a 1.5-km-long fault scarp across this
fan. Tnis scarp is younger tnan the offset fan surface, whose age is
pracketed by a 21,000-yr-old shoreline of Lake Owens and by the time of
abandonment of tne fan surface at least 10,000 B.P. Tne average dip-slip rate
for tne past 10,000-20,000 yr at tnis fan is 0.3-0.6 mm/yr.

A young aebris flow that crosses tne fault scarp on the same outwash fan
nas peen offset 6-7 m rignt laterally and 1-1.5 m vertically, apparently all
from slip during tne great 1872 earthquake. An assumed average recurrence
interval of 3,000-10,000 yr for 1872-type earthquakes at this site (derived
from scarp morphology) ana net oblique siip of 6-7 m yield a total
obligue-slip rate at this site of 0.6.2 mm/yr for the past 3,000-10,000 yr.
The norizontal-slip component here, nowever, contrasts sharply with that at a
site only 220 m south along the scarp, where no horizontal slip is
recognizable in an abanaoned stream cnannel that predates the offset debris
flow, and tne total slip rate equals the dip-slip rate of 0.3-0.6 mm/yr. This
discrepancy suggests tnat either: (1) horizontal slip is present but not
detectaole at the abanaoned cnannel, (2) postslip erosion of the debris-flow
deposit nas caused an apparent offset greater than the actual offset, or (3)
horizontal slip can vary greatly over relatively snort lateral distances.

Reports

Bakun, W. A., Clark, M. M., Cockernam, R. S., Ellsworth, W. L., Lindh, A. G.,
Prescott, W. H., Shakal, A. F., and Spudich, P. A., 1984, The 1984 Morgan
Hill, California, earthquake: Science, v. 225, p. 288-291.

Harms, K. K., Clark, M. M., Rywer, M. J., Bonilla, M. G., Harp, E. L., Herd,
D. G., Lajoie, K. L., Lienkaemper, J. J., Matnieson, S. A., Perkins,
J. A., Wallace, R. E., and Ziony, J. I., 1984, Tne April 24, 1984, Morgan
Hi1l, California, earthquake: The search for surface faulting, U.S.
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Rupture of tne Nunez fault during the Coalinga eartnquake sequence, in
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Holocene Styles of Surface Faulting
Along the Creeping Segment of the
San Andreas Fault, San Juan Bautista

21335
W. R. Cotton, N. T. Hall, and E. A. Hay
Foothill-De Anza Community College District

Los Altos Hills, California 94022
(415) 948-8590

Investigation

This project is designed to recognize and evaluate localities along the
creeping segment of the San Andreas fault capable of yielding information
about 1) characteristics of the style of rupturing in a creeping segment

(as opposed to locked segments), 2) slip rates for creep that extend back
into pre-historic time, and 3) recurrence interval determinations if discrete
rupture events are recognizable.

Results

1. All preliminary conclusions pertaining to this investigation were reported
in Volumes XVII and XVIII of the Summaries of Technical Reports, December
1983 and June 1984, respectively.

2. We have been waiting since February, 1984 for 14C age determinations of
twenty (20) small charcoal samples collected from offset paleostream channels
and the older fan sediments into which the channels were incised. Professor
Allan Tucker (San Jose State University) agreed to use facilities at the
University of Arizona to evaluate these small samples, using the accelerator
technique. We are awaiting these determinations before estimating slip rates
for the last few hundred years along this segment of the San Andreas fault.
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HOLOCENE BEHAVIOR
OF THE
SAN GABRIEL FAULT
SAUGUS/CASTAIC AREA
LOS ANGELES COUNTY, CALIFORNIA

14-08-0001-21950

William R. Cotton
William Cotton and Associates
314 Tait Avenue
Los Gatos, California 95030
(408) 354-5542

Investigation

The goal of this investigation was to locate exploratory trench sites along the San
Gabriel fault in the Saugus/Castaic area of southern California that contain
well-defined and datable Holocene records.

Results

1)

2)

3)

The initial phase of our work entailed a systematic analysis of the field
conditions along a 25-mile segment of the fault between Placerita Canyon and
Frazier Mountain. Geologic data from our previous investigations in the area,
local oil well information, and the site selection ecriteria that we have
developed from other EHRP projects allowed us to identify eight sites along the
southern part of the study area that had high potential for productive research.
As of this date, our work has been confined to a 3-mile segment of the fault
located between the Santa Clara River and Castaic Creek.

Preliminary test trenching and detailed bedrock mapping along the fault trace
established our primary investigation sites to be in the Rye Canyon area located
north of the community of Valencia (between Santa Clara River and Castaic
Creek).

A series of exploratory trenches were excavated across a broad alluvial valley
floor near the head of Rye Canyon. At this location, the fault trace was well
constrained in several bedrock ridges located to the north and south of the site.
The trenches exposed well stratified fluvial sediments and buried soil horizons
that contained limited, but significant, charcoal materials. In addition to the
trenches used in active fault investigations, we utilized a very large excavation
from an earlier investigation. This excavation was placed on a narrow canyon
floor and measured approximately 500 feet long, 60 feet wide, and 40 feet deep.
The alluvial section is about 45 to 50 feet thick and probably represents the
entire Holocene record.
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Fault displacements within the alluvium were well defined in all of the
exploratory trenches. Preliminary radiocarbon dates indicate that the fault
cuts Holocene beds that yield radiocarbon dates of 8,140 + 60 yrs BP, 7,700 + 60
yrs BP, and 3,500 + 250 yrs BP, and does not displace beds that contain charcoal
that provide a date of 1,550 + 190 yrs BP. Radiocarbon dates were obtained by
conventional methods from the University of Washington and by the accelerator
method (for very small charcoal samples) from the University of Arizona
Nuclear Accelerator Laboratory, under the operation of Alan Tucker (San Jose
State University).

The zone of faulting as displayed in the bedrock areas is approximately 80 to
100 feet wide. The active trace of the San Gabriel fault, however, is confined
to a narrow zone ranging in width from a few inches to about 1 or 2 feet in the
bedrock, and from 1 to 2 inches to 4 feet in the overlying alluvium. This active
trace appears to be at the western margin of the fault zone. Active fault
ruptures can be traced clearly to within about 7 feet, and possibly to within 4
feet, of the ground surface.

The trend of the fault throughout the Saugus-Castaic field area is N400W;
however, a range of N250W to N67°W was measured on fault splays within the
exploratory trenches. The general attitude of the active fault plane in the
bedrock is either near vertical, or steeply dipping to the east (80%0). Within the
overlying alluvium, the fault divides into several splays which generally flatten
upward to dips of about 300 to the west.

The displacements observed within exploratory trenches are primarily
right-lateral strike slip. The apparent vertical displacement of the active
splays is uniformly east-side down. As of this date, we have been unable to
establish (a) whether multiple faulting events have taken place within the
Holocene section, (b) the interval of time between repeated earthquake events,
(e) the amount of slip per event, and (d) the actual slip direction of the most
recent episode of faulting.

A detailed ground penetrating radar survey of all of our trench sites was
conducted by Rodger Bilham (Lomont-Doherty Geological Observatory). The
survey was conducted at sites where we had clearly constrained the location of
the fault within both the bedrock and the alluvium. Within the range of 0 to 12
feet, the GPR survey was unable to deteet (a) layered alluvial sediments, (b)
thin alluvium over bedroek, or (¢) fault alluvium. The GPR survey proved to be
of no value in locating subsurface discontinuities within our research area.
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Seismic Hazard Investigations
in the Pacific Northwest

14-08-0001-21861
14-08-0001-21862

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

Investigations

1. Operation of the western Washington regional seismograph network, and
routine preliminary analysis of seismic events in western Washington

2. Analysis and interpretation of Pn observations for both eastern and
western Washington

3. Development and implementation of automated processing of seismic
events using digital network data

4, Crustal structure determination in the vicinity of Mt. St. Helens and
in the greater Puget Sound region from earthquakes and explosions recorded
digitally on the local and regional networks

5. Locations, focal mechanisms and occurrence characteristics of crustal
and suberustal earthquakes beneath western Washington and their relation-
ship to subduction processes

6. Automated spectral analysis of digital seismic data for determination
of source parameters for local earthquakes in the Pacific Northwest

Results

1. Network operation for stations in western Washington, eastern Washing-
ton, and northern Oregon continued normally. No unusual regional earth-
quake activity was recorded outside of the Mt. St. Helens region. A new
station (0SD) which provides critical data for depth determination in the
subduction complex beneath the Olympic Peninsula was established in the
central Olympic Mts. Reconfiguration of the telemetry routes and the
installation and reinstallation of stations in the northeast part of the
Puget Sound basin is underway and scheduled for completion for autumn 1984.
An analysis of magnitude thresholds for catalog completeness was done for
the network, and will be utilized henceforth in report and catalog presen-
tations. Efforts are underway to establish a uniform data base of earth~
quake phase data for the greater western Washington region, from 1970
through the transition to digital data acquisition in 1980 to the present.
Eventually, pre-network instrumental and historic data will be merged into
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a uniform data base with appropriate quality indicators.

2. Results from Pn analysis reinforce the existence of significant differ-
ences in structure between eastern and western Washington. East of the
Cascade Range, Pn velocity averages 8.18 +/- 0.02 km/sec, whereas the aver-
age for western Washington is 7.7T7 +/- 0.02 km/sec. Anisotropy appears to
be significant east, but relatively unimportant west, of the Cascades.
Calculated Moho dip east of the Cascades, assuming no lateral change in
crustal velocity, is about 0.7 degree whereas the calculated regional dip
for the west is about 2.1 degrees in a southeasterly direction. There is
litsle direct evidence in the regional Pn data for Moho dip associated with
a dipping slab beneath western Washington.

3. A new algorithm for phase picking has been developed and incorporated
into an automated processing program for digital network data. In the
current configuration, feedback is provided between phase picking and loca-
tion processing to reduce the number of blunders due to noise spikes and
poor signal-to-noise ratio. An important aspect of automated processing is
making quantitative and consistent estimates of phase picking errors for
both P and S phases and coda length estimates. We are undertaking a com-
plete recalibration of our auto-processed coda duration measurements for
the purpose of improving the consistency and accuracy of 1local magnitude
determinations. The current version of our program is being run in a test
mode and is also being used for special studies. Use of automatic process-
ing in our routine network data analysis is feasible based on results to
date. We view these efforts as being important in the 1long range to
improve the quantity, quality and consistency of network data analysis. 1In
recently completed work on structure inversion, for example, we exclusively
utilized auto-picked phase data.

4, A joint P/S layered structure inversion program was developed to use
earthquake and explosion arrival times, providing additional constraint on
structure determination where high quality S arrivals are measured. The
method uses coupled P and S models, and makes use of an an independently
determined VP/VS ratio. Using the joint P/S inversion program, crustal
structure at Mt. St. Helens was inverted from both earthquake and explosion
arrival times. The incorporation of S phases offers significantly greater
stability to the modeling process than the use of P phases alone. Our
final model indicates that the P velocity in the vicinity of St. Helens
rises rapidly to about 6.1 km/sec at 1 km depth (very high shallow velo-
city) and then increases slowly in approximately a linear fashion to about
6.5 km/sec at 20 km depth. In comparison with the Puget Sound region,
higher velocities are reached at shallower depths but mid-crustal values
are somewhat lower. Using auto-picked digital data for 58 seismic events
(48 earthquakes, 10 explosions), we inverted for a coupled P and S velocity
model for the greater Puget Sound region. The final model, although simi-
lar to our previous model in the depth range from about 12 km to 30 km, has
a thinner surface layer of velocity 5.4 km/sec and a slight velocity rever-
sal in the interval 30-40 km. km. The constraint on the velocity in the
30-40 km depth range, an earthquake free zone, with our new model appears
to be better than that previously obtained. This structure inversion
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effort is preliminary to undertaking a careful analysis of deep earthquake
seismicity.

5. Focal mechanisms for small earthquakes are commonly utilized to infer
tectonic stress directions and trajectories. In the Puget Sound region,
the volumetric distribution of earthquakes offers an excellent opportunity
to study stresses associated with subduction. Such studies provide one of
the most reliable methods to assess the degree of coupling between the
overlying North American and the subducted Juan de Fuca plates. McKenzie
(1969) has shown quantitatively how preexisting faults or fractures can
distort the interpretation of stress directions when these are based on the
common assumption of fracture of previously unbroken rock. Since there are
probably no regions of the earth's crust or upper mantle that behave as
unfractured rock, caution is required. With reasonable assumptions as to
the effect of the earth's free surface and the relative magnitudes of the
principal stresses, we can use McKenzie's results to show that substantial
error may be introduced if strike-slip earthquakes are used to determine
the P axis for the Pacific Northwest. By contrast, thrust or normal earth-
quakes should provide better estimates of the azimuth of P or T axes. We
are studying a data base of well recorded regional earthquakes in order to
test this hypothesis, and possibly reconcile varying values of P axis
azimuth estimated from northwest earthquakes. These studies of regional
tectonics are critically dependent on the data base efforts discussed in
(1) above.

6. Routines for determining seismic moment, corner frequency, and stress
drop from digital seismic data are being tested. A synthetic source spec-
trum is fit to the amplitude density spectrum for P, S, and coda waves
corrected for instrument response and Q. All events located by the routine
processing will ultimately have source parameters determined by this pro-
cess. Periodic testing of the process is underway. Calibration of
amplitude-frequency responses of network stations is crucial to this
effort, and is ongoing.

Reports

Crosson, R.S. and D.A. Bame, 1984, A Spherical Source Model for Voleanic
Earthquakes (abs), EQS, (in press).

Ludwin, R.S. and R.S. Crosson, 1984, The 4Azimuth of Regional Tectonic
Compression in the Pacific Northwest from Shallow Thrust Earthquakes
(abs), EOS, (in press).

Noson, Linda Lawrance, R.S. Ludwin, and R.S. Crosson, 1984, Compilation of
Earthquake Hypocenters in western Washington, 1979, Washington Divi-
sion of Geology and Earth Resources Information Circular, (in press).

Univ. of Wash. Geophysics Program, 1984, Earthquake Hazard Evaluation in
the Pacific Northwest, 1981-1982 Final Technical Report U.S.G.S.
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PALOS VERDES FAULT ZONE
EARTHQUAKE POTENTIAL AND SURFACE FAULTING

14-08-0001-21304
S. T. Freeman and P. D. Guptill(l)
Woodward-Clyde Consultants
203 North Golden Circle Drive
Santa Ana, California 92705
(714) 835-6886

Investigations: Field studies are continuing on the Palos
Verdes fault and related secondary faulting on the Palos
Verdes Peninsula, in southern California. The object of the
field studies is to locate fault traces and evluate offsets
of late Quaternary geologic units. The methods being used
include describing the youngest marine terraces, drilling
and sampling, and trenching across fault traces.

Data Acquisition and Analysis

1. The initial phase of our investjigation has involved
analysis of aereal photographs, preliminary geologic

mapping, and subsurface drilling. The results of this
phase of the research was used to select candidate
sites to trench the fault. Efforts are continuing to

obtain access permits from city and private landowners
to complete the trenching program.

2. A comprehensive mapping, sampling, and age dating
program of o0ld shorelines found near the Palos Verde
fault has begun. At this time, the stratigraphy and
relationships of o0ld shorelines is not well defined
along the trend of the fault. The basic importance of
resolving some of the stratigraphic and age-relation-
ships has become more apparent as our program has
progressed. The stratigraphic relations have become
essential to understanding the tectonic deformation
(rate and style) and nature of faulting along the trend
of the Palos Verdes fault.

(1) P. D. Guptill is a former employee of Woodward-Clyde
Consultants.
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Detailed Analysis of 1906 Faulting
in Marin County, California

21242
N. T. Hall, W. R. Cotton, and E. A. Hay
Foothill-De Anza Community College District

Los Altos Hills, California 94022
(415) 948-8590

Investigation

The investigation is being focused on a 12 kilometer segment of the 1906
trace of the San Andreas fault. The research area lies between the Marin
County localities of Dogtown and the Vedanta Retreat, and is an area where
Holocene activity along the fault has occurred in a narrow zone. The inves-
tigation is designed to produce a set of detailed geologic and geomorphic
maps of the seismotectonic features. This information will be augmented

by the rich historic record of the 1906 faulting that was compiled by G. K.
Gilbert shortly after the 1906 earthquake.

Results

1. All field work and photo interpretation activities are now complete.

Large scale topographic maps (1" = 100', C.I. = 2') were used to map the
following: 1) the rupture traces of 1906 as shown on G. K. Gilbert's
photographs; 2) additional traces as determined from photo interpretation

and field mapping of geomorphic features; 3) camera stations for Gilbert's
1906 - 1907 photographs; 4) fault-related geomorphic features such as sag
ponds, tectonic ridges, scarps, etc.; and 5) Holocene deposits associated with
active faulting.

2. We have completed detailed mapping at (3) localities:

a. Boucher Ranch of 1906 (approximately one mile southeast of the
Vedanta Retreat; approximately 9,000 feet southeast of Olema):
Mapping covers about 3,600 feet along the fault zone. Five of
Gilbert's camera stations are located (his numbers 3044, 3039,
3043, 3042, and 3045). Approximately 900 linear feet of 1906
ruptures are shown here, along with 9 sags and numerous other
rift related geomorphic features.

b. Five Brooks site (approximately 3 1/2 miles southeast of Olema):
Mapping covers about 3,800 feet along the fault zone. There
aren't any Gilbert photographs here, but a locality to the
southeast is the location of his photos numbers 3036, 3035,

3034 (this region is now heavily vegetated and not at all like
its 1906 appearance). Four sags, one sharply defined expression
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of offset drainage, and numerous other rift features are located.

Bondieti Ranch of 1906 (approximately 5 1/2 miles southeast of
Olema; west of the Randall trailhead): Mapping covers about

5,300 feet along the fault zone. Six of Gilbert's camera stations
are located (his numbers 3047, 3037, 2952, 2850, 3041 and 2851).
Approximately 2,200 linear feet of 1906 ruptures are shown here,
along with 8 sags and numerous other rift related gemorphic
features.
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Soil Development as a Time-Stratigraphic Tool
9540-03852

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

Investigations

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

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

3. Collect and analyze soils along faults such as the San Andreas and
Calaveras (in conjunction with J. C. Matti and M. M. Clark, U.S. Geological
Survey; FY-85, 86).

Results

1. Sampling was completed for the study near Tres Pinos along the
Calaveras fault. Three stream terraces on the north side of Tres Pinos Creek
are probably about 20,000 to 50,000, 30,000 to 70,000, and 100,000 to 150,000
years old. Using soils to correlate these surfaces across the fault, three
separate slip rates range from about 1 to 13 mm/yr. Most of the uncertainty
in these rates is due to uncertainty in ages of the soils and geomorphic
surfaces. In order to reduce these uncertainties, we conducted a sampling
program on four dated deposits in the area, that should provide more accurate
and more precise estimates of the ages of surfaces (result no. 2). (J. W.
Harden; K. K. Harms; M. M. Clark).

2. Soils were sampled on four dated deposits in the San Francisco Bay
Region in order to improve our methods of age estimation. Charcoal had been
dated previously near the Mt. View dump; Palo Alto Avenue near downtown Palo
Alto; Stanford Shopping center; and Butano Creek. All four soils are Holocene
and are being analyzed at U.C. Davis under contract no. 4-9540-0074. (J. W.
Harden; K. K. Harms; M. M. Clark).

3. Soils sampled near Tres Pinos in 1983 were prepared and analyzed for
particle size, bulk density, dithionite iron and percent magnetite.
Approximately 150 samples were analyzed for a total of about 600 samples runs
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(M. J. Singer, P. Janitzky, J. Aniku contract no. 4-9540-0074).

Publications

1984, Techniques and uncertainties in using soil development

Harden, J. W.,
Earthquake Notes,

for stratigraphic, geomorphic, and age analyses (abs):
Vol. 55, no. 1, p. T.

Harms, K. K., Harden, J. W., Hoose, S. N., and Clark, M. M., 1984, Estimating
slip rates along Calaveras Fault, California, using soil chronology and
geometry of stream terraces: Earthquake Notes, Vol. 55, no. 1, p. 9.
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Tectonics of Central and Northern California
9910-01290

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

Investigations

1. Field studies of suture relations and origin of accreted terranes of
northern California, and preparation of geologic maps of the Dubakella
Mountain and Hyampom 15-minute quadrangles.

2. Determination of metamorphic state of limestone from localities in various
terranes of the Klamath Mountains, by X-ray analysis.

3. Paleomagnetic study of various tectonic elements of the Eastern Klamath
terrane: collaboration with E. A. Mankinen and C. S. Gromme.

Results

During the report period, paleomagnetic sampling of the Mule Mountain
stock and Shasta Bally batholith was done to (1) test our ideas regarding
tectonic rotation of the Eastern Klamath terrane, and (2) more closely date
the suturing of the Klamath Mountains to the North American continent. Our
present ideas regarding preaccretionary rotation of the Eastern Klamath
terrane are based almost entirely on our studies of the stratified rocks.
Tnese studies indicate that the Klamath Mountains experienced a series of
rotational movements before being accreted to the North American continent.
The Permian and Triassic strata of the Eastern Klamath terrane rotated
clockwise approximately 100 degrees, the Jurassic strata 50 degrees, and the
overlying Lower Cretaceous Strata perhaps as much as 12 degrees. The small
amount of rotation of the Lower Cretdceous presumably occurred after suturing
of the terrane to North America. However, several Jurassic plutons in
terranes lying west of the Eastern Klamath terrane have been measured by other
investigators, and these show rotations that compare favorably on average to
the Jurassic strata of the Eastern Klamath terrane.

We drilled the Mule Mountain stock (400 m.y.; Devonian) with the
expectation of measuring a rotation perhaps even greater than the 100 degrees
of clockwise rotation of the Permian strata. The Shasta Bally batholith
(136 m.y.; Early Cretaceous) was selected for drilling, as it is one of
several plutons in the Trinity Alps region that form the youngest plutonic
oelt of the Klamath Mountains province. If the Eastern Klamath terrane had
virtually ceased rotation by the Early Cretaceous, we would expect Shasta
Bally bathoTlitn to show little or no rotation, in contrast to the substantial
rotation of older plutons of the Klamath Mountains. Plutons that have been
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stuaied in the Sierra Nevada show no rotation relative to stable North
America. A similar lack of rotation of Shasta Bally batholith would suggest
that the emplacement of the batholith was coincident with the accretion of the
Klamath Mountains to North America. Laboratory work on the drill cores from
our latest sampling has not yet been completed.

Reports

Irwin, W. P., 1934, Plutonic belts in allochthonous terranes of the Klamath
Mountains, California and Oregon: Geological Society of America, Program
with Abstracts, v. 16, no. 5, p. 290.

Irwin, W. P., 1984, Accreted terranes and plutonic belts of the Klamath
Mountains, California and Oregon, in Howell, G.D., ed., Tectono-
stratigraphic Terranes of the Circumpacific Region: Earth Science
Series, v. 1, Circumpacific Council for Energy and Mineral Resources
(AAPG Bookstore), in press.

Barnes, I., Irwin, W. P., and White, D. E., 1984, Map showing world
aistribution of carpon-dioxide discharges and major zones of seismicity:
U.S. Geological Survey, Miscellaneous Investigations Map I-1528, scale
1:40,000,000, with text, 10 p.

Mankinen, E. A., Irwin, W. P., and Gromme, C. S., 1984, Tectonic rotations
suggested by paleomagnetic studies of the Eastern Klamath terrane:
Society of Economic Paleontologists and Mineralogists, Pacific Section,
San Diego meeting, abstract, p. 94-95.

117



Urban Hazard Seismic Field Investigations
9950-01919

Kenneth W. King
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225
(303) 236-1591

Investigations

The objective is to improve fundamental knowledge about how the ground
response along the Wasatch is affected by local and regional geology.

An investigation of the feasibility of using reflection methods to
identify the soil parameters controlling ground response is continuing in
cooperation with the Kansas Geological Survey.

A Wasatch strong-motion program was developed with the cooperation of the
Utah Geological and Mineral Survey.

A National Park investigation at Chaco Canyon was expanded to include
seismic investigations at Hovenweep National Park.

Results

1. During this time period one article was published in the Eighth World
Conference on Earthquake Engineering, and two were also submitted to the
"Proceedings of the Conference on Earthquake Hazards along the Wasatch
Urban Corridor,"” dealing with the ground-shaking hazard in Utah. A report
on the results of the shallow-reflection program was also presented at the
Urban Hazards Evaluation Workshop in Salt Lake City and will be in the
proceedings.

2. The Mini Sosie (high-resolution reflection system) system has enabled us
to finish several high-resolution profiles in the Wasatch area. A
shallow-reflection experiment was made in Kansas along a test profile with
very good results; however, the followup experiments in the Wasatch area
have been delayed because of poor weather conditions. These experiments
are developing the use of shear-wave reflection techniques to study
structure in the upper 50-100 m.

3. A network of six strong-motion instruments was deployed at pertinent
geologic areas in the Salt Lake urban areas. An additional network of 14
sites was selected by the USGS/UGMS committee. These sites will be
instrumented with seismoscopes.

4. Additional data has been obtained from induced seismic motions on

pertinent National Park archaeological sites; a report on the findings is
now in preparation.

118



Reports

Hays, W. W., and King, K. W., 1984, The ground shaking hazard along the
Wasatch Fault zone, Utah: Eighth World Conference on Earthquake
Engineering, San Francisco, July 1984,
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Utah, in Proceedings of conference, A workshop on evaluation of regional
and urban earthquake hazards and risk in Utah, Salt Lake City, August
14-16, 1984: U.S. Geological Survey Open-File Report.
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119



Coastal Tectonics, Western U. S.
9940-01623

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

Investigations

I. Uplift and deformation of Pleistocene and Holocene marine strandiines.

2. Stratigrapnic/geomorphic analysis of neotectonics along the Palos Verdes
fault, Los Angeles, California.

3. Amino-acid geochronology of fossil molluscan faunas from uplifted and
deformed Pleistocene terraces and deposits.

4. Stratigraphic/geomorphic analysis of Neogene tectonics of the Mendocino
triple junction, Humboldt County, California.

5. Coastal erosion, San Mateo County, California.

6. Post-earthquake investigations of April 24, 1984 Morgan Hill, California
earthquake.

Results

1. A set of equations relating the present and initial elevations of marine
strandlines nhas been derived from basic principles. These equations and their
graphical representations permit correlation and relative age dating of
emergent strandlines in areas undergoing different rates of uplift even if no
strandline is independently dated. If the age and initial elevation of at
least one strandline in a sequence is known, the ages and initial elevations
of all other strandlines can be determined. These equations also provide
tests for constant rates of uplift.

2. D. Ponti mapped the aeformed late Pleistocene marine sediments exposed in
roadcuts and quarries along the NE flank of the Palos Verdes Hills. Along
Gibson Boulevard, Palos Verdes Sand (~120 ka B.P.) unconformably overlies the
San Pedro Sand (200-300 ka B.P. (?)) on the NE 1imb of the Gaffey anticline
(SW side of the Palos Verdes fault),

Sediment and fossil samples from boreholes on the NE side of the fault are

being analyzed to correlate across the fault and determine amounts and rates
of vertical fault displacement.
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3. D. Ponti and S. Mathieson set up and debugged amino-acid equipment used to
analyze fossil materials for correlating ana dating purposes. P. McKereghan
prepared 200 fossil samples and L. Conlan ran 1200 amino-acid analyses on
Ponti's collections in samples from the Palos Verdes area. Preliminary
results indicate that the Palos Verdes Sand may represent more than one
paleo-sea level hignstand. (85-140 ca B.P.(?)). Also, the slightly dipping
(2°-4°) sediments exposed along Gibson Boulevard probably correlate with
steeply dipping (30°-40°) strata exposed on the east wall of the Chandler
gravel pit about 4 km to the NW.

Preliminary amino-acid data inaicate that each molluscan family has a
aistinct amino-acid "fingerprint," which can be used to identify small or worn
shell fragments. Such identification is important because the rates of
amino-acid racemization differ among different families. Therefore, only data
from the same family can be compared for correlation and dating purposes.

Many outcrop and borehole fossil assemblages consist only of broken and worn
shell fragments.

4, P. McCrory completed sampling and describing the Eel River beds near the
Mendocino triple junction and submitted planktic foraminifera samples for
oxygen-isotope analysis to date the section and correlate it with the DSDP
section offshore, McCrory is also working with Stanford geologists to create
a computer graphics program to integrate Cenozoid plate tectonics and geology
of western Nortn America (timing and rates of faulting and basin formation and
ages of volcanism).

5. Lajoie and Mathieson completed a study of coastal erosion in San Mateo
County. Exceptionally high tides and storm waves caused considerable damage
along the Pacific coast during the winter of 1982 and 1983. Extreme cliff
erosion (up to 30 m) occurred mostly on the northern sides of headlands and
small promontories. Single severe storms or short periods (decades(?)) of
higher than normal storm activity related to minor climatic changes may be
recordea as beach berms and erosional notches in the Holocene geologic
record. The record of these "storm events" may be interpreted as coseismic
uplift events in areas of rapid crustal deformation. On the Island of Iwo
Jima, a volcanic edifice steadily rising at 20 cm/yr (for at least 200 yrs),
Kaizuka mapped numerous emergent storm-cut terraces that might be
misinterpreted as coseismic notches.

b. Mathieson and Lajoie helped in post-earthquake investigations of primary
and secondary geologic effects of the April 24, 1984 Morgan Hill earthquake.
No primary ground rupture was found along any of the well-delineated segments
of the Calaveras fault. The pattern of structural damage indicates seismic
energy was focused along the southwest part of the epicentral region,

Reports
Lajoie, K. R., and Mathieson, S. A. (in press), Coastal erosion and hazards,

San Mateo County, California: in Griggs (ed.), Coastal erosion in
California (map and text).
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Neogene Paleomagnetic Stratigraphy, Transverse Ranges, California:
Timing and Deformation Rates of Potentially Active Faults

14-08-0001-21901

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

Neogene formations are widely exposed in parts of the Transverse
Ranges, in areas undergoing rapid urbanization north and west of Los
Angeles. These formations from oldest to youngest include the Modelo,
Towsley, Pico and Saugus. Our paleomagnetic (PM) investigations of the
continental Saugus Formation, in the East Ventura basin just west of
Newhall along the Santa Clara River and the transmission line sections,
indicate that the Saugus was deposited mostly during the Matuyama
reversed polarity epoch and is younger than 2.48 MY (million years).
The youngest Saugus exposed in both sections was deposited during the
normal polarity Brunhes epoch and is younger than 0.7 MY. Moreover,
our PM results indicate an average sedimentation rate of 0.9 km/MY
for the transmission line and Santa Clara River sections. The marine
Pico Formation is less well suited for PM investigations and many of its
finer-grain deposits are severely overprinted. However, reversed sites
from the upper Pico suggest that they too were deposited during the
Matuyama. The sections of Pico in Lyons Canyon and Towsley and Modelo
in the Towsley Canyon were severely overprinted by the present field and
have thus far not yielded useful PM results.

This year we have extended our study to the southern foothills of
the San Gabriel and Santa Susana Mountains in Los Angeles County. We
conducted initial sampling along Little Tujunga Canyon (Saugus and
Towsley/Pico Formations), Kagel Ridge (Saugus and Towsley/Pico Forma-
tions), and Lower Van Norman Lake (Sunshine Ranch and upper members of
the Saugus Formation). Our results to date are as follows: 1) nine of
the ten sites sampled along the Lower Van Norman reservoir are reversed,
presumably of Matuyama age. The lowest site of the approximately 890 m
stratigraphic section is normal. 2) Thirty-two sites were sampled
along Kagel Ridge. The section is predominantly reversed, but four
normal polarity events were identified in Saugus strata of the approxi-
mately 690 m stratigraphic section. As in the Newhall area, the Saugus
PM results were clearly superior to those of the Towsley and Pico, for
reasons that are not yet known. Additional sampling is necessary along
both Kagel Ridge and Lower Van Normal Lake sections to ascertain which
Matuyama normal polarity events were observed.
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Earthquake Hazards Studies, Upper Santa Ana
Valley and Adjacent Areas, Southern California

9540-01616

Jonathan C. Matti
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, California 94025
(415) 323-8111 ext. 2358, 2353

Investigations

1. Studies of the Quaternary history of the upper Santa Ana River Valley.
Emphasis currently is on: (a) generation of a liquefaction susceptibility
map; and (b) the three-dimensional distribution of the valley fill and its
lithologic, lithofacies, and pedogenic character.

2. Neotectonic studies of the Crafton Hills-Yucaipa Valley, Banning, and San
Andreas fault zones. The study has focused on: (a) mapping fault strands
that deform crystalline basement rocks, Tertiary sedimentary rocks, and
Quaternary surficial units; (b) identification of Quaternary units to estab-
lish Quaternary depositional patterns and the relative ages of displacements
along various fault strands; and (¢) interpreting relationships between the
Banning fault system and the south branch of the San Andreas fault.

Results

1. S. E. Carson and J. C. Matti have reached the report-writing stage of a
liquefaction evaluation for the San Bernardino Valley. No new results to
report.

2. Mapping by J. C. Matti adjacent to the San Andreas fault in the Mill
Creek region of the southwestern San Bernardino Mountains and the Liebre
Mountain region of the northwestern Transverse Ranges has led to the
recognition of distinctive crystalline rocks that provide a new constraint for
palinspastic reconstruction on the San Andreas fault in southern California.
The San Andreas fault system here consists of several fault zones (San
Andreas, Banning, San Gabriel) that together have produced cumulative right-
lateral offsets comparable to the 300-km post-Miocene offsets originally
proposed for the San Andreas fault in central California. In southern
California, the San Andreas fault alone accounts for a large fraction of the
total 300-km offset, but a comparison of palinspastic reconstructions proposed
in the literature shows that significant disagreement exists regarding both
the amount of offset on the fault (180 to 270 km) and the timing and amount of
offset on associated right-lateral and left-lateral faults. The most widely
cited reconstructions require about 240 km of right-lateral offset on the San
Andreas fault; this figure is based on restoration of sedimentary and
crystalline rocks of the Soledad Basin region and the northwestern San Gabriel
Mountains to the Orocopia Mountain region northeast of the Salton Trough.
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Crystalline rocks in the San Bernardino Mountains provide a possible
piercing point that constrains total offset on the San Andreas fault zone to
about 160 km in southern California, and yields a long-term different
reconstruction for the San Andreas and San Gabriel faults. The San Bernardino
Mountains are underlain by Mesozoic batholithic rocks and older prebatholithic
rocks that are truncated on the west and southwest by several strands of the
San Andreas fault zone. Although the mountains now form a massive, high-
standing crystalline terrain undergoing dissection, before Pliocene uplift the
region included lowlands that received sedimentary deposits. Western parts of
this region largely were covered with upper Miocene and Pliocene sediment
derived from the Mojave Desert; however, eastern parts of the terraine
included emergent crystalline highlands that formed local sources for upper
Miocene and Pliocene sediment. This paleogeographic setting is relevant to
recognizing crystalline rocks offset from the region since middle Miocene
time: if the San Bernardino Mountains were a region of highlands and
sedimented lowlands during Miocene and Pliocene time, then crystalline
highlands that were truncated and offset by the San Andreas fault still should
be recognizeable as emergent highlands to the northwest on the opposite side
of the fault (assuming they have not been obscured or buried by subsequent
tectonism or sedimentation).

In the Mill Creek region of the San Bernardino Mountains, a distinctive
belt of rocks that is truncated by the San Andreas fault provides a possible
key to recognizing rocks offset from the San Bernardino Mountains. These
rocks include a body of megaporphyritic hornblende monzogranite to quartz
monzonite characterized by subhedral to euhedral phenocrysts of potassium
feldspar as much as 8 cm long (monzogranite of Manzanita Springs of Matti and
others, 1983). If the megaporphyry formed a crystalline highland in the San
Bernardino terrane prior to Miocene truncation by the San Andreas fault
system, then only three regions exist where offset counterparts of this rock
might crop out: The San Gabriel Mountains, the Liebre Mountain region, and
the Frazier Mountain region. Because the Frazier Mountain and San Gabriel
Mountain regions contain prebatholithic rocks not found in the San Bernardino
Mountains, the Liebre Mountain block remains as the only region where the
offset megaporphyry might crop out. There, in the northwestern part of Liebre
Mountain, porphyritic granitoid rock occurs that is indistinguishable in hand
specimen from the megaporphyry of the Mill Creek region.

I propose that the two bodies represent segme<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>