The research results described in the following summaries were submitted by
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performed under contracts administered by the Geological Survey and work by
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Southern Califormia Seismic Arrays

Contract No. 14-08-0001-21854

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

Investigations

Despite the fact that promised USGS funds to support this work have
not yet been received after 7 months of effort (funded in the interim by
Caltech), this semi-annual report summary covers the six-month period from
1 October 1983 to 31 March 1984. The proposed 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 through its own employees at Caltech. According the the proposed
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 would
have been due during the proposed contract period. About 250 preliminary
catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that have
been located during the 6-month period from 1 October 1983 to 31 March
1984. Some of the seismic highlights during the period are as follows:

Number of earthquakes entered into the catalog: 9029

Number of earthquakes of M = 30 and greater: 219

Number of earthquakes of M = 4.0 and greater: 9

Largest shock within network area: M = 4.5 (21 October, Walker Pass
area)

Number of shocks reported felt: 40

Smallest felt earthquake: M = 2.1 (7 March, SW Long Beach)

Number of earthquakes for which systematic telephone notification to

agencies was made: 5

This was not a period of unusual seismic activity, although the
activity in the southern Sierra Nevada along the general alignment of the
Kern Canyon fault became even more obvious than before (Fig. 1). This
activity is clearly distinct from that of the Coso region to the east and
represents somewhat of a quandary, because the Kern Canyon fault in this
area is allegedly truncated by unbroken Pliocene volcanic rocks. Two
significant advances in processing procedures occured during the reporting
period: This was the first period during which all of the timing was done
with the new CUSP system, and most large events have been assigned final My

magni tudes .
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Fig. 1.--Epicenters of larger earthquakes in the southern California regiom,
1 October 1983 to 31 March 1984.
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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)581-62T74

Investigations

This contract supports "network operations" (including a compu-
terized central recording laboratory) associated with the University
of Utah 80-station regional seismic telemetry network. USGS support
focuses on the seismically hazardous Wasatch Front urban corridor of
north-central Utah but also encompasses neighboring areas of the
Intermountain seismic belt (ISB). The University of Utah maintains de
facto responsibility for earthquake surveillance, including emergency
response and direct public interface, 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, and the U.S. Park Service also
contributed support to operation of the University of Utah network
during the report period. Primary products of this USGS contract are
quarterly earthquake catalogs and a semi-annual data submission, in
magnetic-tape form, to the USGS Data Archive. Following the October
1983 Borah Peak, Idaho, earthquake (M 7.3), supplemental funds were
received from the USGS (1) to carry Sout aftershock recording with a
12-station temporary seismic network, and (2) to compile a summary
listing of earthquakes for the central Idaho earthquake sequence.

Results

The University of Utah operated 12 portable seismic stations in
the Borah Peak, Idaho region for a period of three weeks following
the M_ 7.3 mainshock on October 28, 1983. Approximately U45 addi-
tlonaf instruments were deployed by other institutions during this
time including the U.S. Geological Survey, the 1Idaho National
Engineering Laboratory (INEL), Boise State University, the University
of Washington, Montana Bureau of Mines and Geology, and the Univer-
sity of Wisconsin at Madison (Figure 1). We have merged arrival time
and first motion data contributed by other investigators with our own

#p, J. Oehmich and L. L. Sells also contributed significantly to
this project during the report period.



data to create a master data set containing over 7,000 arrival times
from more than 80 different instrument sites. These data have been
used to locate 374 aftershocks. Station delays for permanent sta-
tions in Idaho, Montana, and Wyoming were calibrated using 6 of the
larger, well-located aftershocks. These station delays were used to
relocate the mainshock and 47 aftershocks larger than magnitude 2.7
that occurred before the portable instruments were installed.
Details of the aftershock distribution are discussed in the report
for Contract No. 14-08-0001-21856.

Local magnitudes have been determined using the Wood-Anderson
- instruments at Dugway and Salt Lake City for 21 events that occurred
during the first three weeks of the aftershock sequence. Our minimum
magnitude threshold on the Wood-Anderson instruments in Utah is about
3.7 for the Borah Peak area. Only three aftershocks over magnitude 5
occurred (5.8, 5.8, and 5.4). Preliminary size estimates for the
smaller events have been determined from duration measurements on
INEL helicorder records using the duration magnitude scale of Griscom
and Arabasz (1979) pending systematic reevaluation of magnitudes for
the Borah Peak sequence.

Final analysis of Utah earthquake activity for the six-month
reporting period is not yet complete due to the large number of
earthquakes associated with the Borah Peak sequence. Figure 2 shows
Utah seismicity for the period October 1, 1983, to February 17, 1984.
The largest event was an 4.3 earthquake on October 8, 1983,
located 3 km south of the 1t Lake International Airport. This event
was widely felt throughout north-central Utah. Other felt earth-
quakes during this report period include an 4.0 event on November
19, 1983 in Pocatello Valley near the Idaho-UtZh border and an ML 3.6
event on December 9, 1983, near Cove Fort in southwestern Utah.

. Reports and Publications

Richins, W. D., Smith, R. B., King, J. J., Langer, C. J., Meissner,
C. W., Pechmann, J. C. Arabasz, W. J., and Zollweg, J. E., 1984,
The 1983 Borah Peak, Idaho, earthquake: A progress report on the
relationship of aftershocks to the mainshock, surface faulting,
and regional tectonics (abs.), Earthquake Notes 55 (1).
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Seismic Source Mechanism Studies
In the Anza-Coyote Seismic Gap

14-08-0001-21271

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 second half of 1983.
The objectives of this research are: 1) To study the mechanisms and
seismic characteristics of small and moderate earthquakes; 2) To deter-
mine 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, up to 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.

After the problems of the previous winter, we spent much of the summer
and fall modifying various aspects of the data acquisition equipment.
Modifications were made to the radio telemetry and to the digitizing com-
ponents. We rebuilt the antenna array at our central receiving site,

Toro Peak, to improve radio reception and make it structurally stronger.
The radio transmitters and receivers were modified to extend their opera-
tional temperature range in the digitizers. Several boards were modified
to reduce the instrument generated noise. By the end of 1983, there were
apparently no more critical improvements necessary for the remote telemetry
system. In the future, we need to improve the interface unit between the
microwave equipment and the data logging computer to allow implementation
of better array diagnostics.

Seismicity

In the six months of summer and fall, the Anza Network recorded 42
events which were large enough to locate and determine source parameters.
These events had moments ranging from 6.8 x 1017 to 1.4 x 102! dyne-cm
and stress drops ranging from about 1 to 240 bars (Brune model). The
seismicity pattern seems unchanged from what has been observed before.
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 trifurca-
tion 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. Events have been located with depths of 3 km.

One other trend is noticable. The events with the larger moments

(>1020) and larger stress drops (>50 bars) all appear to be near major
faults. The next problems which need to be addressed will be to improve

the velocity structure and attempt to get an attenuation versus depth model.



Glen Canyon Dam
9920-01211

Marvin A Carlson
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
National Earthquake Information Service, MS 967
Box 25046, Denver Federal Center
Denver, Colorado 80225
(303) 234-3994

Investigation

Glen Canyon Dam - Recorded, compiled, interpreted and reported local
earthquakes in the vicinity of the dam and reservoir to attempt to determine
whether there are detectable influences on the seismicity by the dam and/or
reservoir.

Results

Glen Canyon Dam - Memorandum type reports are being submitted to the Bureau of
Reclamation periodically concerning status of local earthquakes recorded at
seismograph station "GCA."

The goal of the Glen Canyon Project is to record, compile, interpret, and
report local earthquakes in the vicinity of the dam and reservoir to
accumulate data to aid in determining whether there are detectable influences
on the seismicity by changes in water level in the reservoir.



U.S. Seismic Network
9920-01899

Marvin A. Carlson
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
National Earthquake Information Service, MS 967
Box 25046, Denver Federal Center
Denver, Colorado 80225
(303) 234-3994

Investigations

U.S. Seismicity. Data from the U.S. Seismic Network are used to obtain
preliminary locations of significant earthquakes worldwide.

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. In addition, 15 channels of LPZ data are
recorded in real time a 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 U.S. 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."

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
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.



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

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

Investigations

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

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

Results

Jim Dewey has used locally-recorded aftershocks of the Mg = 7.3 Borah Peak,
Idaho, earthquake of October 28, 1983, to calibrate the determination of
epicenters of early aftershocks in the Borah Peak sequence and to calibrate
the determination of epicenters of regionally recorded earthquakes in
central Idaho that occurred prior to the Borah Peak earthquake. The
locally-recorded aftershock data had been collected by research groups from
the U.S. Geological Survey and several universities; a number of the
locally-recorded aftershocks were recorded at regional and teleseismic
distances, enabling station delays to be computed for the stations at
regional and teleseismic distances.

Dewey also computed my, magnitudes for regionally recorded central Idaho
earthquakes that occurrgd in the period from 1963 through mid-1983.

The following conclusions result from the reanalysis of the central Idaho
earthquakes:

1. A plot of cumulative-frequency versus magnitude for the central
Idaho earthquakes suggests that the catalog of regionally recorded

central Idaho earthquakes is essentially complete above magnitude
3.5 for the period 1963-1983.
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2. None of the regionally recorded earthquakes occurred within 20 km
of the Borah Peak mainshock hypocenter prior to the mainshock. The
Lost River fault (on which the Borah Peak earthquake occurred) is
therefore a clear example of a major, previously quiescent, normal
fault that produced a large earthquake without having first entered
a period of increased moderate-magnitude earthquake activity.

3. The epicenter of the Borah Peak mainshock is at the southernmost
end of the aftershock zone and its position is consistent with the
mainshock rupture beginning at depth on the Lost River fault
approximate 7 km southwest of the southermmost associated surface
faulting.

Reports

(0) Dewey, J. W., 1983, A global search of continental midplate seismic
regions for specific characteristics bearing on the 1886
Charleston, South Carolina, earthquake, in Hayes, W. W., and Gori,
P. L., eds., Proceedings of Conference XX, A workshop on '"The
Charleston earthquake and its implications for today": U.S.
Geological Survey Open-File Report 83-843, p. 391-426.

(A) Dewey, J. W., 1983, Analysis of the seismicity of central Idaho using

data from the Borah Peak earthquake sequence of 1983, EOS, 65, p.
239.
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WESTERN GREAT BASIN-EASTERN SIERRA NEVADA SEISMIC NETWORK
Contract 14-08-0001-21887

A.S. Ryall, W.F. Nicks, and E.J. Corbett
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4975

Investigations

This program supports continued operation of a seismic network in the
western Great Basin of Nevada and eastern California, with research focused on:
(1) rccording and location of carthquakcs occurring in the western Creat Basin;
(2) possible precursory seismicity patterns in the White Mountains gap; and (3)
evaluation of the contribution that high-quality digital broad-band seismic sta-
tions can make to regional network-seismic studies.

Results

A. Seismiic Network Operation

During the last half of 1983 we deployed eight additional seismic stations
north and east of Long Valley caldera. The US Geological Survey has con-
currently installed 12 new stations in the caldera region. This brings to 33 the
number of seismographic stations recording in and around the Long Valley cal-
dera. All of the University of Nevada stations and rnany of the USGS stations are
being recorded on analog magnetic tape at Reno. Station spacing in the
southwest part of the caldera is less than 10 km; north of the caldera it is 15-20
km. This network is sufficient to provide at least 20 readings for the location of
all earthquakes in the Mammoth Lakes area with magnitude > 1.5 M|,

The University of Nevada has developed and tested a digital seismographic
system for remote operation. The digital station is a data acquisition system
that provides broad-band (0.05-30 Hz), wide dynamic-range (98 dB) digitization
of signals from a three-component set of seismometers, and telemeters the data
to a central facility where it is continuously recorded. This system has been
tested in an experiment in Hot Creek Valley, central Nevada, and 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. These stations
will be used to determine spectral characteristics of seismic signals affected by
attcnuation in Long Vallcy caldcra.

B. On-line System

A computer-based earthquake recording system has been installed that will
provide on-line event detection and digitization of the analog seismic signals
transmitted to the Reno data facility. This will facilitate analysis of large
numbers of earthquakes and will allow waveform analysis of the network data.
The on-line system is currently up and running and triggering successfully on
local events, teleseisms, and nuclear tests at NTS. We are currently correcting
some hardware-software interaction problems and are tuning the triggering
algorithm to be more responsive to our network geometry. We anticipate that
within a féw weeks the on-line system will replace our current system of record-
ing data on analog magnetic tape.

12
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C. Data Analysis

Our routine analysis is complete through January 1984, and we are in the
process of finalizing the 1983 catalog prior to publication. During 1983 the
Seismological Laboratory registered 1,711 earthquakes (Fig. 1). Of these events:

573 were magnitude 2 or greater;
117 were magnitude 3 or greater;
20 were magnitude 4 or greater;
3 were magnitude 5 or greater.

The vast majority of the recorded earthquakes {(73%) occurred within 30 km
of the town of Mammoth Lakes (Fig. 2). Much of the Mammoth Lakes activity was
part of an intense swarm that occurred January 7-11 along the south rim of the
Long Valley caldera.

13
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Figure 1. Map of eastern California and western Nevada showing all earth-

quakes located by the University of Nevada Seismological Lab in
1983.
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the University of Nevada Seismological Lab in 1983. Most of the
activity occurred along the south rim of the Long Valley caldera
during an intense swarm in mid-January.
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EARTHQUAKE HAZARD STUDIES IN THE NORTHEASTERN UNITED STATES
USGS 14-08-000-21876
L. Seeber and L. Sykes
Lamont-Doherty Geological Observatory
Palisades, New York 10964
(914) 359-2900

INVESTIGATIONS

The New York - New Jersey Seismic Network Project includes systematic
earthquake data collection and analysis as well as basic investigations on the
neotectonics and earthquake hazard of this area along the Atlantic seaboard.
Studies include the comparison of hypocentral and first-motion data with geo-
logic structure directed at testing models of Appalachian intraplate neotec-
tonics, attenuation and source characteristics using digital data, velocity
structure, intensity distribution and historic seismicity, to establish the
long-term level of activity and/or establish whether secular changes in the
pattern of seismicity have occurred.

RESULTS

1) Hypocenter distribution and fault-plane solutions suggest that two
seismic zones can be distinguished. One of these zones is in the pre-Appa-
lachian (Grenville) basement, primarily active where this basement is either
exposed, such as in he Adirondacks, or where it is under a relatively thin
cover, in the Appalachian Plateau and outer fold belt, such as in western New
York. TFault-plane solutions for earthquakes in the pre~Appalachian basement
are consistent with ENE axis of maximum horizontal compressive stress.
Another seismic zone is spatially correlated with allochthonous crystalline
slabs of the Appalachians, such s the Hudson Highlands/Redding Prong. Compar-
ing hypocenters and subsurface structural data suggest that this seismicity is
confined above the master detachment. Fault-plane solutions in this =zone
suggest a non-uniform pattern of stress.

2) Seismic zones can be recognized in the Adirondacks from ~ 10 years of
epicentral data produced by a reginal network. Two arcuate E-NE epicentral
belts are correlated with structural trends of Grenville age. One is near the
adjacent to the root zone of the Wakely Mt. nappe. Individual earthquakes in
these belts are found, however, to rupture NNW striking faults with reverse
slip consistent with ENE subhorizontal P-axes. These faults cannot be related
to any known Grenville structural trend. Thus the corntrol of the seismicity
by the Grenville structure is not by simple reactivation of weaknesses
directly associated with this structure, but must be indirect, possibly
through the control that structure has on the spatial (depth) distribution of
particular rock types.

3) The aftershock sequence of the Oct. 7, 1983 Goodnow earthquake in the
central Adirondacks is well constrained by data from a temporary network and
conforms with the pattern of earthquake faulting found in the Adirondacks
(Figs. 1 and 2). The time-space distribution of 96 aftershocks delineate a
circular zone dipping ~ 60° with a diameter of ~ 1.5 km, extending from a
depth of =~ 7 to ~ 8.5 km (Figs. 3 and 4). 1If this small aftershock zone is an
upper-limit of the size if the main rupture, a relatively high stress-drop is
obtained for the main rupture. The moment of the main shock, M, = 2.5 x
1023, is determined from surface waves and is somewhat low compared with M,

= 5.1 (PAL). From this value of the moment and the aftershock area we obtain
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a lower bound for the stress drop of 140 bars. Both the fault-plane solution
from the main shock and the composite solution for most of the aftershocks
indicate reverse faulting on a N 10°-20° W plane dipping 60°-70° west. On the
1oth day of the aftershock sequence an apparently conjugate fault became
active and the activity migrated up and west from the main aftershock plane
(Fig. 5). This shallow-dipping '"conjugate" fault is subparallel to and dis-
placed by only a few kilometers from a 20 km downdip extrapolation of the Blue
mt. Lake fault active during swarms in 1971-1973 (Fig. 2). The Goodnow and
Blue Mt. Lake faults, if extrapolated beyond the currently active segments,
delimit a wedge-shaped block that is being uplifted by the fault movement.
The high topography that characterizes this block may be related to this
motion (Fig. 2). The 40 km long NNW Catlin Lake lineament is subparallel to
the inferred Goodnow rupture zone and close to the surface intersection of the
planar extrapolation of this fault (Fig. 9). The rapidly growing constraints
on active faulting from seismicity and on Grenville structure from surface
mapping are expected to improve our understanding of the complex interactin
between Precambrian structure and the current state of stress to generate
seismicity in the Adirondacks.

Selected Reports

Kafka, A.L., E.A. Schlesinger-Miller, N.L. Barstow, D. Cramp, and L.R. Sykes,
Earthquake magnitudes and seismicity in the New York City Metropolitan
Area, submitted to Bull. Seismol. Soc. Am., 1983.

Kafka, A.L., N.L. Barstow, and E.A. Schlesinger-Miller, Earthquake activity
and state of stress in the Newark Basin and surrounding geologic
provinces, N.E. Geol. Soc. Am. Abstr. with Programs, 1983.

Seeber, L. and J.G. Armbruster, Time-varying distribution of seismicity and
thin-skin model of intraplate Appalachian neotectonics, Abst., Seismol.
Soc. Am., Eastern Section, p. 3, 1983.

Seeber, L., A.L. Kafka, S.G. Ambruster and S. Nishenko, A comparison of
the seismotectonics of the northern and southern Appalachians, GSA
Abstract, North Eastern Section, 1983,
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PERMANENT AFTER OCT '83

© EPICENTERS OCT '83
» EPICENTERS 1972-1983
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Pig. Blue Mi. Lake - Goodnow area of the central Adirondacks. Seismicity 1972-83
(aquares) as located by the regional aeismic network and Oct. 7-29, 1983 (circles) as
located by a network of temporary stations (triangles; L-DGO and USGS). The area of the
197] and 1973 Blue Mt. Lake swarms is also iandicated. Large triangles are stations of
the permanent network after Wov. 1, 1983. Catlin Lake and long Lake are part of lipear

topographic features possibly associated with brittle faults,

CATLIN LAKE
GOODNOW POND

BLUE MY. LAXE
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rig. 2 Section through the Goodnow and Blue Mt. lake area (located in Pig. 2; mo
vertical exaggeration). Seismicity in Fig. 2 ¢+ 20 km from plane of section is
included (same symbols). Hypocenters for the 1971-73 Blue Mt. Lake swarms are from Yang
& Aggarwal, 198l1. Active faults delineated by spacial and temporal distribution of
hypocenters and by first-motion data are indicated. Dupth control for events located
only by the regional network is generslly poor. It is possible thst seismicity sfter the
Blue Mt. Lake swarms snd before the Goodnow event (squarcs) was on the same system of
faults active during Lhe intensely studied sequences in 1971, 1973 and 1983.
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Fig. 5. Time-space data suggesting the propagation of slip along a conjugate fault away
from the main rupture. A is a time-space plot of the Goodnow epicenters projected on the
line of the section in B (view along main rupture as in Fig. 3). Most of the earthquakes
in a tight westward migratiang sequence occur on a plane dipping eastward and extending
about 1 km from the main rupture (blackened symbols). This migration seems to take about
4 days.
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Earthquake Hazard Studies in Southeast Missouri
14-08-0001-21262

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. Conduct research on eastern United States seismic sources using
array and supplemental data.

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 192 earthquakes located by the USGS and other cooperating networks
during the year 1983 are given in the attached figure. The size of the
symbols is scaled to the magnitude of the events. Of particular
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 at the same place
in February, 1984.

2. We are continuing to function as a 'beta' site for the new Berkeley
2.9BSD version of the UNIX (TM ATT Technologies) operating system. In
addition we have upgraded the Version 7 license to a UNIX System V
license to acquire advanced software. The 2.9BSD system is adequately
supporting a 2 Mbyte memory system with load averages often above 20.

Results

1. A Master's Thesis by L. Himes has been submitted. This thesis con-
sists of a JHD inversion for earthquake locations, station corrections
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and velocity model for earthquakes on the main seismicity trends. Digi-
tal waveform data were used in a composite focal mechanism study of the
relocated earthquakes. The effort of carefully sieving the earthquake
data has provided good three-dimensional patterns of earthquake loca-
tions compatible with the composite focal mechanisms.

2. Spectral scaling studies of the Miramichi, New Brunswick, earthquake
sequence continues using Canadian ECTN data. Lg attenuation in several
frequency bands is defined. A comparison of near—-field and far-field
spectra is also a subject of investigation.

3. Major research results are listed in the paper below.

Publications

Herrmann, R. B. and A. Kijko (1983). Short period Lg magnitudes: Instru-
ment, attenuation and source effects, Bull. Seism. Soc. Am. 1835~
1850.
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United States Earthquakes
9920-01222

Carl W Stover
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 234-3994

Investigations

1. Ninety-five earthquakes in 24 states and Puerto Rico were canvassed by a
mail questionnaire for felt and damage data. Twenty-five of these occurred

in California and 16 in Idaho. The most significant event was the Borah Peak,
Idaho earthquake of October 28, 1983 which was located at 44.058°N., 113.857°W.,
fixed depth of 10 km.,, magnitude 6.2mb and 7.3MS. There were four events that
caused damage in the United States; one each in Hawaii, Idaho, New York, and
Utah. The most damaging were the Hawaii and Idaho earthquakes with a maximum
intensity of VII.

2. The United States earthquakes for the period October 1, 1983 through March
31, 1984, have been located and the hypocenters, magnitudes, and maximum inten-
sities have been published in the Preliminary Determination of Epicenters.

3. Preliminary reports and isoseismal maps for the May 3, 1983, Coalinga, Cali-
fornia; the October 7, 1983, Blue Mountain Lake, New York; and the October 28,
1983, Borah Peak, Idaho have been published.

Results

A maximum Modified Mercalli intensity of VII was assigned to November 16, 1983
Hawaii and the Borah Peak, Idaho earthquakes. Two deaths and $12.5 million
damage was attributed to the Idaho earthquake and about $6 million damage to
the Hawaii event. Most of the damage in Idaho occurred in Challis and Mackay,
in Hawaii the damage was mostly in the Hilo area.

United States earthquake data for April-September 1982 has been published in
circular 896-B and 896-C. The data for October-December 1982 has the Director's
approval and is being printed.

United States earthquake data for 1981 has been published in the first annual
issue of "United States Earthquakes', a U.S. Geological Survey Special Publi-
cation.

Reports

Reagor, B.G., Stover, C.W., Minsch, J.H., and Brewer, L.R., 1983, Earthquakes
in the United States, April-June 1982: U.S. Geological Survey Circular
896-B, 28 p.

Stover, C.W., 1983, Intensity distribution and isoseismal map, in the 1983 Coal-

inga, California Earthquakes: California Department of Conservation, Divi-
sion of Mines and Geology, Special Publication 66, p. 1-4.
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Minsch, J.H., Stover, C.W., Brewer, L.R., and Baldwin, F.W., 1984, Earthquakes

in the United States, July-September 1982: U.S. Geological Survey Circular
896-C, 30 p.

Stover, C.W., Reagor, B.G, and Algermissen, S.T., 1984, United States earthquake
data file: U.S. Geological Survey Open-File Report 84-225, 123 p.

Stover, C.W., 1984, Preliminary isoseismal map for the Blue Mountain Lake, New
York, earthquake of October 7, 1983: U.S. Geological Survey Open-File Re-
port 84-263, 6 p.

Stover, C.W., 1984, Preliminary isoseismal map and intensity distribution for
the Borah Peak, Idaho, earthquake of October 28, 1983: U.S. Geological
Survey Open-File Report 84-297, 6 p.

Reagor, B.G., and Baldwin, F.W., 1984, Intensity survey of the Borah Peak, Idaho,
earthquake of October 28, 1983: U.S. Geological Survey Open-File Report
84-166, 79 p.
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The Historical Seismicity of Central United States: 1811-1928
14-08-0001-21251

Ronald L. Street
Department of Geology
University of Kentucky
Lexington, KY 40506
(606) 257-4777

Objective

The objective of this project is to upgrade the record of
seismicity for the central United States, consisting of earthquakes
that occurred prior to 1928 when the U.S. Coastal and Geodetic
Survey began to systematically collect such data.

Discussion

For the purposes of this study, a total of eighty-one earth-
quakes that occurred in the seven state area of Kentucky, Tennessee,
Arkansas, Missouri, Illinois, Indiana and Ohio were selected for
detailed documentation. Table 1 is a list of those earthquakes
being studied: data sources for the indicated dates, origin times,
epicentral locations, and felt areas are Nuttli (1979), Street
(1980 and 1982), and personal notes that will be fully documented
in the final report. The earthquakes studied were selected on the
basis of their published felt areas.

The plan for the study consists of four phases: organization,
documentation, interpretation and presentation of the results. The
first two phases have been completed, while the third and final phases
of the study are nearing completion. The results of the work completed
to date indicates that sufficient evidence exists that many of the
earthquakes parameters listed in Table 1 will need to be revised.

Conclusions and Recommendations

The original intent of this study was to investigate all of the
earthquakes in the seven state area that supposedly occurred in that
region prior to 1928. However, due to funding limitations, it was
necessary to restrict the work effort to just the larger events.
Based on the results of this study, it is probable that many of the
smaller central United States earthquakes are not well documented.
Therefore it is suggested that either the smaller central United
States earthquakes not be incorporated into seismicity studies of
the region, or else that an effort be made to more thoroughly docu-
ment them.
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TABLE 1

CENTRAL UNITED STATES EARTHRUAKES REVIEWED

DATE TIME (GMT) LAT/LONG FELT AREA
mo—day-—yr hr — min N /W sq- km.
12-16-1811 08-15 36.0/90.0 S5000000.
12-16—-1811 14-15 36.0/90.0 S000000.
01-23-1812 15-00 36.3/89.6 S000000.
02-07-1812 09-45 36.5/89.6 S9000000.
07-05—-1827 11-30 38.3s85.8 430000.
02—-04-1833 42.3/785.6 20000.
06—-09-1838 14-45 38.5/89.0 S00000.
12-28-1841 05-50 36.5/89.5 100000.
01-05-1843 02-45 35.5/90.5 1500000.
02—-17-1843 05 35.95/90.5 250000.
08-09-1843 35.5/88.2 40000.
12-18-1853 36.6/89.2 100000.
02-28-18354 08-45 37.6/84.5 20000.
11-09-1856 10 36.6/89.5 80000.
10-08-1857 10 38.7/89.2 200000.
08-07-1860 15-30 37.8/87.5 80000.
08-17-1865 15 36.5/89.5 250000.
05-03-1873 21 36.0/80.6 30000.
06—-18-1875 13—-43 40.2/84.0 100000.
09-25-1876 06—-15 38.5/87.8 150000.
07—-15-1877 00—-40 36.8/89.7 65000.
03-12-1878 10 36.8/89.1 40000.
11-19-1878 05-32 36.7/89.3 350000.
07-14-1880 02-30 35.5/90.3 25000.
07-28-1882 37.6/90.6 25000.
09-27 1382 10-20 39.0/89.5 100000.
10-15-1882 05—-50 39.0/89.5 20000.
10-15-1882 10-35 32.0/82.5 20000.
01-11-1883 07-12 37.0/89.2 200000.
07-14-1883 07-30 37.0/89.1 25000.
12-05-1883 15-20 36.3/91.2 250000.
09-19-1884 20-14 40.7/84.1 320000.
03-18-1886 05-59 37.0/89.2 45000.
02-06—-1887 22-15 38.7/87.5 170000,
08-02-1887 18-36 37.0/89.2 170000.
09—-27-1891 04-55 37.0/89.2 S00000.
10-31-1895 11-08 37.0/89.4 2500000.
04-26—-1897 04 35.8/89.6 20000.
06—-14-1898 15-20 36.0/89.4 120000.
04-30-1899 02-05 38.8/787.0 100000.
02-15-1901 00-15 36.0/90.0 30000.
01-24-1902 10-48 38.6/90.2 130000.
02-09-1903 00-21 37.8/89.3 180000.
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10-05-1903
11-04—-1903
11-04—-1903
11-27-1903
08-22-1905
12-28-1908
05-26—1909
07-19-1909
08—-16—-1909
09-27-1909
10-23-1909
03-31-1911
01-02-1912
12-07-1915
05-21-1916
04-09-1917
06—09-1917
10-04-1918
10-16-1918
05-25-1919
05-01-1920
03-14-1921
01-11-1922
03-22-1922
03-23-1922
03-30-1922
11-27-1922
10-28-1923
11-26—-1923
01-01—-1924
04-02-1924
06—-07-1924
04-27-1925
09-02-1925
09-20—-1925
05-07-1927
07-20-1927
08-13-1927

02-56
18—-18
19—-14
09-20
05-08
21-15
14-42
04-34
22—435
09—-45
07-10

16—-21
18-40
18-34
20-52
13-14

02-13
09-45
15-15
12-15
03—-42
22-30
21-43
16-33
03-31
17—-10
2323
03—-05
11—-18
05—-42
04-035
11-55
0909
08-28

16—-10
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37.0/90.0
36.9/89.3
36.9/89.3
36.5/8%9.5
36.8/89.6
37.0/8%9.0
42.5/89.0
40.2/90.0
38.3/790.1
32.5/87.4
37.0/8%9.35

41.5/88.95
36.7/89.1
36.46/89.5
38.1/90.2
36.8/90.4

36.0/89.2
38.4/87.95
38.5/7892.5
39.5/87.5
37.9/87.8
37.3/88.9
37.0/88.%
36.1/89.6
37.8/88.5
35.5/790.4
35.5/790.4
35.4/790.3
37.0/8%9.1
36.4/89.5
38.3/787.6
38.8/87.5
37.8/787.95
35.7/90.6
35.8/86.0
36.4/89.5

120000.
340000.
340000.
180000.
325000.

80000.
800000.
100000.

45000.
250000.
125000.

150000.
120000.
20000.
550000.
45000.

100000.
65000.
60000.
65000.
25000.

150000.
50000.
40000.

130000.

120000.
23000.

150000.
80000.
25000.

250000.

200000.
25000.

300000.

180000.
635000.



EARTHQUAKE HAZARD RESEARCH IN THE GREATER LOS ANGELES BASIN
AND ITS OFFSHORE AREA
14-08-0001-21858

Ta-liang Teng
Thomas L. Henyey
Center for Earth Sciences
University of Southern California
Los Angeles, California 90089-0741

INVESTIGATIONS

The Geophysics Laboratory at the University of Southern California is
conducting a detailed investigation of earthquake activities and related
phenomena in the greater Los Angeles basin and its offshore area. Particular
attention has been given to the evaluation of parameters of importance in
earthquake hazards along active faults in the Los Angeles basin, and the
possible causal effect on seismicity due to waterflooding in oil fields along
the Newport-Inglewood fault.

A modern 40-element seismic network has been operating in the Los Angeles
basin area for the past ten years. In addition to conventional surface
sensors, we have successfully developed and deployed downhole seismometers to
improve the detection threshold in the central Los Angeles basin area where
high urban noise prevents surface instruments from operating at high gain.

SUMMARY

The first of our seismic stations went into operation a week before the
February 9, 1971 San Fernando earthquake. During the first three years of
seismic monitoring, attention was centered on the Newport-Inglewood fault
which passes through west-central Los Angeles from Beverly Hills to Newport
Beach, As seismic data accumulated during the course of this investigation,
it became clear that several other nearby faults -- the Malibu Coast-Santa
Monica-Raymond fault, the Palos Verdes fault, and faults in the San Pedro
Channel and the Santa Monica basin -- are all potentially active tectonic
features which pose equally important earthquake hazards as does the Newport-
Inglewood fault. To more adequately cover these adjacent faults, we have been
systematically adding stations on land and offshore to close up the seismic
monitoring gaps, including placing downhole seismometers to enhance the
signal-to-noise ratio.

A seismic hazard analysis making use of all available seismic data from
1932 to the present has been made for both the Los Angeles basin area and the
coastal zone of southern California. Maximum expected earthquake magnitudes
are estimated from the historical seismicity and the mapped fault lengths. A
strain release map has been prepared for the southern California coastal zone
(Henyey and Teng, 1975).

30



Based on the strong motion data from the San Fernando earthquake and the
subsurface geology from oil drilling data, a correlation analysis is made to
study the effects of sediment thickness and basement topography on strong
ground motions. The results of this analysis have been presented as a special
technical report (Cerri and Teng, 1976). Making use of seismic data from
networks in southern California, we have performed a thorough analysis of
seismicity patterns and fault-plane solutions (Figure 1); compressional stress
vectors have been derived (Buika and Teng, 1979). They are compared with the
most recent known fault displacements in order to evaluate the regional stress
field and relative hazards on the concerned faults in our monitoring area.
Based on the recorded events, a travel-time analysis is made (McElrath and
Teng, 1981) that derived the station delays as a function of epicentral
distance and azimuth to earthquakes. An extensive program of 3-dimensional
structural inversion of the Los Angeles basin is underway using the seismic
data base gathered by this network. This program represents a forthcoming
Ph.D. thesis which will be completed before the end of 1984.

RESEARCH AND DEVELOPMENT ON A NEW TELEPHONE TELEMETRY SYSTEM

There is an outstanding problem in modern seismic network operation
utilizing telephone telemetry. The dynamic range of the telemetry link
(vCO/Phone Line/Discriminator) is usually 45 dB or less. With the large
dynamic ranges for sensors and for computer-based digital recording systems,
the present telemetry link forms a bottleneck which severely limits the
seismic signal flow. Oftentimes, the networks are tuned to the highest
sensitivity permissible by the background noise in order to improve the
detection threshold. The common results are: 1) clipping of signal amplitude
begin to occur for local events larger than M3, and 2) extensive clipping
appears for events larger than M4 in records from almost all network stations
except the noisiest ones (see Figure 2 for example). This limitation presents
a great shortcoming on the operation of modern telemetered seismic networks,
as the waveform information is usually lost which otherwise can be extremely
valuable for us to Tearn more about the source and structure. Therefore,
despite the sophisticated digital recording of the entire seismogram, the
usable information is mainly furnished at the point of the onset of the P
wave. This limitation can be and must be overcome to remove this choking
point of seismic data flow.

We are developing a new generation of seismic telemetry system, i.e., a
new generation of smarter preamplifier/VCO-discriminator systems that not only
permits a larger effective dynamic range (up to 120 dB) so as to keep all
signals on scale, but also allows signal detection and some storage at the
field site so that additional earthquake signals (say, all three components
instead of one) can pass through a single * 125 Hz channel of transmission
link. Large dynamic range telemetry systems do exist, but are expensive and
require a large bandwidth only available for customized microwave links. The
new seismic telemetry system we have in mind is one that can readily be
adapted to the existing narrow band (400 Hz to 4,000 Hz) voice-grade telephone
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circuit now in use*. The research seeks an economical and practical solution
that would augment and optimize the dynamic range and the efficiency of the
transmission link. Preliminary development work on this new telemetry system
has been started at USC. Obviously, this system involves low power
consumption uProcessor-based circuitry. We are confident that our system will
accommodate 8-channel seismic signal flow. We plan to put one of our seismic
data phone lines on the new telemetry system to fully field test it later this
year. This development should also have important benefit to the current
operation of other telemetered seismic networks.
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Figure 2. a) Saturated waveform due to limited dynamic range.
b) Saturated waveform due to limited dynamic range.
c) Optimized recording full utilize the limited dynamic range.
d) Recording underutilize the limited dynamic range.
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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
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

1. Preliminary analysis of the aftershock sequence of the M_7.3
Borah Peak, Idaho, earthquake of October 28, 1983, based on Both
fixed- and portable-network recording, and implications for
analogous events on the Wasatch Front.

2. Source properties of the Ms7.3 Borah Peak earthquake from 1local
and teleseismic data.

3. Pn travel-time variations in the Wasatch Front area from 1local
and near-regional earthquakes, and implications for earthquake
studies.

4, Swarm seismicity and deep hydraulice fracturing within 10 km of
the southern Wasatch fault.

5. Instrumental calibration procedures for earthquake source stu-
dies.

Results

1. The M_7.3 Borah Peak earthquake occurred along a Holocene segment
of the LoSt River fault, a major Quaternary normal fault zone (Figure
1). Aftershocks located using a dense network of portable stations
and a velocity model from nearby refraction profiles define a NW-
irending 60 km-long aftershock zone that is 10 km wide and displaced
approximately 7 km SW from the 34 km long surface fault. The entire
aftershock zone became active immediately following the main shock.
No aftershocks larger than M,;5.8 have occurred. Hypocenters along
the NW part of the aftershock z&ne extend to depths of approximately

¥D., I. Doser and J. F. Peinado also contributed significantly to
this project during the report period.
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12 km, but do not show a planar distribution. Aftershocks in the SE
part of the aftershock zone, however, define a plane that dips
approximately 450 SW and intersects the surface near the fault scarp.
Relatively few aftershocks occurred on the shallow part of the pro-
jected fault at depths less than about 4 km and relatively few aft-
ershocks occurred within 6 km of the mainshock epicenter. The loca-
tion of the mainshock (using well-located aftershock master events)
relative to the surface faulting and the main aftershock zone sug-
gests unilateral rupture propagation to the NW. Fault plane solu-
tions for 39 aftershocks of M > 3 show a variety of fault orienta-
tions, but most indicate normal faulting along faults parallel to the
main surface break or to W- to NW-striking fault splays near the NW
end of the surface break. Vibroseis reflection data across the
mainshock area reveal a complex structure at depths of 2 to U4 km that
may relate to normal faulting in the vicinity of a pre-existing
thrust. The mainshock nucleated at a depth of approximately 16 km,
within a rheologically modeled brittle to ductile transition zone and
near the depth of an inferred shear stress maximum.

Important characteristics of the Borah Peak earthquake and simi-
larities between the Lost River and Wasatch fault zones that may
influence our understanding of future large Wasatch Front earthquakes
are: 1) segmentation of a major Quaternary fault zone with evidence
of repeated Holocene displacement along a now active segment; 2)
moderate-dip planar normal faulting; 3) nucleation of the large
mainshocks at the maximum depth of seismicity; and 4) mainshock and
aftershocks located several kilometers laterally offset from the sur-
face fault trace. The position of a projected 1location of the
mainshock-aftershock 2zone of a hypothetical Borah Peak-type earth-
quake on the Wasatch Front would be beneath the central or western
parts of the deep alluviated valleys.

2. First-motion data from short-period body waves have been used to
determine the focal mechanism for the Borah Peak mainshock (Figure
2)._ The azimuth of the u5° southwestward dipping nodal plane is
1380, consistent with the observed strike of surface faulting. The
rake angle is -60°. Modeling of 1long-period body waves from the
mainshock recorded at teleseismic distances gives a focal depth of 16
+ 4 km and a source time function of 12 seconds duration. The ampli-
tudes of P, pP and sP phases obtained in the modeling process were
used to invert for the unconstrained seismic moment tensor. The dou-
ble couple component of the moment tensor (Figure 2) is essentially
the same as the mechanism from thEGshort-period first motion data.
The average moment is 6.0 x 107 dyne-cm and the stress drop is 50
bars.

3. Pn arrivals are frequently used in earthquake locations and focal
mechanism determinations with the University of Utah seismic network
because of the large station spacing and the broad region of cover-
age. An analysis of Pn travel-times from local and near-regional
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earthquakes has therefore been undertaken in order to test the wvali-
dity of our currently used Wasatch Front velocity model at Pn dis-
tances (greater than about 130 km). The travel times recorded out to
about 250 km are consistent with velocity models derived from refrac-
tion data. These models feature a thin crust (25-28 km) and low
upper mantle velocities (7.4-7.6 km/sec). However, at distances
beyond 250 km the first arrivals have significantly higher apparent
velocities (7.8-7.95 km/sec), indicating that the P-wave velocity
increases to approximately 7.9 km/sec at a depth of about 40 km or
more beneath the Wasatch Front. Travel-time residuals for this upper
mantle arrival increase systematically from west to east across the
array. The variation in residuals exceeds 1.5 seconds across central
Utah. It is difficult to attribute more than about 0.5 seconds of
these delays to lateral crustal velocity variations and crustal
thickening across the Basin and Range-Colorado Plateau transition
zone. Thus, this wupper mantle discontinuity is inferred to have a
significant eastward dip beneath the Wasatch Front.

4, In June-July 1982, earthquake swarms (M2.0 or less) were recorded
originating within a few km of a deep exploration well (Chevron
U.S.A. #1 Chriss Canyon, TD 5,344 m), coincidentally located within a
temporary 10-station network. On April 16, 1982, an "acid-breakdown
hydrofrac" had been made in the wellbore at a depth of 5,070 m wusing
4,000 gal of 28% HCl solution. Combining the hydrofrac and earthquake
data provides the following information. An instantaneous shut-in
pressure measured during the hydrofrac indicates an in situ minimum
horizontal compressive stress of approximately 750 bars at 5,070 m
depth . Methodology outlined, for example, by Zoback and Hickman
(1982) suggests near-critical in situ stress differences at the
hydrofrac depth for frictional sliding on optimally-oriented faults.
The swarm earthquakes, accurately located with 1local velocity con-
trol, predominate at the level of the wellbore, and two-thirds clus-
ter within 3.0 km map distance of the well bottom. Corresponding
focal mechanisms based on both P-wave polarities and SV/P amplitude
inversion indicate: normal faulting, aoconsistent northerly-trending
nodal plane dipping steeply (72°-86 )E, and near-horizontal T-axes
trending WNW-ESE. Assuming causal connection between the swarm
seismicity and pore-pressure changes due to fluid injection in_the
wellbore, distance-delay times suggest a bulk permeability of 10~ ' to
10" mdarcy for pore-fluid diffusion.

5. An indirect approach to the problem of calibrating amplitude
response for seismic network stations has been successfully tested
using amplitude displacement spectra of initial P-waves from deep-
focus teleseisms (M5.5 or greater). For a given teleseism the dis-
placement spectra from a set of stations, corrected for instrument
frequency response, are combined in the 1.6 to 3.2 Hz frequency band
to form an average, which is then compared with individual spectra to
yield relative gain values. Measurement of the absolute gain of one
or more key stations allows calibration of the entire set. This
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procedure 1is useful either for:"bootstrap" calibration of a network
or as a temporal check on the performance of previously calibrated
stations. Results show consistent relative gains from one event to
another. Relative gain from comparison of waveform amplitudes alone
showed considerable scatter. Tests made with varying window length,
from 1 to 2.5 sec, indicate that the displacement spectra are func-
tions primarily of the station gain and the source; the inclusion of
near-surface site reverberations in such a time window does not
appear to alter the spectral ratios appreciably.

Reports and Publications

Arabasz, W. J., 1984, Swarm seismicity and deep hydraulic fracturing
within 10 km of the southern Wasatch fault (abs.), Earthquake
Notes 55 (1).

Doser, D. I., 1984, The 1959 Hebgen Lake, MT and the 1983 Borah Peak,
ID Earthquakes: Examples of Large Normal Fault Events in the
Intermountain Region (abs.), Earthquake Notes 55 (1).

Renggli, C. and Smith, R. B., 1984, Estimates of crustal extension
for the Basin-Range/Southern San Andreas associated with active
seismicity (abs.), Earthquake Notes 55 (1).

Richins, W. D., Smith, R. B., King, J. J., Langer, C. J., Meissner,
C. W., Pechmann, J. C., Arabasz, W. J., and Zollweg, J. E., 1984,
The 1983 Borah Peak, Idaho, earthquake: A progress report on the
relationship of aftershocks to the mainshock, surface faulting,
and regional tectonics (abs.), Earthquake Notes 55 (1).

Smith, R. B. and Bruhn, R. L., 1984, Intraplate extensional tectonics
of the western U. S. Cordillera: Inferences on structural style
from seismic reflection data, regional tectonies, and thermal-
mechanical models of brittle/ductile deformation, J. Geophysical
Research (in press).

Snay, R. A., Smith, R. B. and Soler, T., 1984, Horizontal strain

across the Wasatch Front near Salt Lake City, Utah, J. Geophysical
Research 89, p. 1113-1122.

38



T-2

+ +
o Challis o -+

O x © x
o
x
o] o]
x O
Surface Rupture
" +
o]
Main Shock *5 x
x X
(Ms - 73) * M x m Mackay
x O °
O x
¢
Arco
o
8
bt
+ + +
43.50
25 megnitude scale (ml):
,0 N N " e L km O O o x

6 4 2 <«

Figure 1, Map showing epicenters for the Borah Peak earthquake
sequence, October 28 to November 19, 1983, and assocfated surface

rupture,

39

44,50

113.00



BORAH PEAK MAINSHOCK
OCTOBER 28 1406

Double couple component of
unconstrained moment tensor

=== Fault plane solution

Figure 2, Focal mechanism for the Borah Peak earthquake from
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nodal planes),

40



NEOTECTONICS OF NEW ZEALAND: INSIGHT TO SAN ANDREAS
FAULT SYSTEM TECTONIC BEHAVIOR )
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INVESTIGATIONS

It is generally recognized that a critical aspect of seismic hazards is a
thorough understanding of the geologic history of displacement across faults
and folds as well as regional uplift and shear patterns. The late Quaternary
history of a particular region is especially relevant in that most present-day
movements on fault zones are consistent with latest Quaternary behavior on
these same faults. So a consistent regional appraisal of late Quaternary
earth deformation is a cornerstone of seismic hazards analysis.

l. Faulted Stream Terraces

The major strike-slip faults of the Alpine shear system, South Island,
New Zealand (Figure 1) form a complex continental plate boundary as a trench-
trench transform system. The Alpine fault and its splays in Marlborough
(northeastern South Island) have a geometry very similar to the San Andreas
fault 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 these New Zealand faults and the associated regional deforma-—
tional patterns can yield insight into the behavior of this complex plate
boundary, and, by analogy, to the San Andreas fault system as well.

The faults of the Alpine shear system are ideally suited for studies of
late Quaternary fault behavior, since each of the faults displaces several
sequences of river terraces formed in the last 20,000 years or less. Many
latest Pleistocene glacial moraines also are displaced. These moraines and
terrace sequences preserve details of the history of latest Quatégnary fault-
ing, since older moraines and terraces are displaced by larger amounts than
younger moraines and terraces. The purpose of our studies of faulted stream
terraces and moraines has been to decipher details of the history of latest
Quaternary slip across the complex continental Alpine shear system plate
boundary. .

This project is the second part of a New Zealand neotectonics study
initiated in 1981-82 by the co—principal investigators. The scope of our
studies of latest Quaternary slip aross the Alpine shear system has involved
two principal aspects: (1) measure latest Quaternary displacements at a large
number of sites to obtain data that are areally well-distributed and represent
at least two sites on each major fault; (2) develop and/or improve on methods
to date latest Quaternary surfaces that are displaced by active faults in New
Zealand. In our desire to study many sites we have restricted ourselves to
relatively accessible localities, many of which had already been mapped in
differing detail by members of the New Zealand Geological Survey.
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Our establishment of methods to date the terraces was motivated largely
by the failure of ourselves and others in New Zealand to find suitable
materials for radiocarbon dating at most sites. The coarse, cobbly nature of
most of the stream deposits and the high energy of most New Zealand rivers
combine to make preservation of charcoal, wood, or other datable materials the
exception rather than the rule. Thus we have used indirect relative—absolute
dating techniques calibrated at locations of known age as a basis for estimat-
ing ages of displaced geomorphic surfaces such as stream terraces or
moraines. We emphasized two techniques: the thickness of weathering rinds
developed in surface and/or subsurface cobbles of Torlesse graywacke; the
morphologic and chemical properties of soils developed on geomorphic sur-
faces. Both of these techniques are calibrated by reference to sites of known

radiocarbon age.

2, Uplifted Marine Terraces

The amounts and rates of downcutting by New Zealand rivers reflect the
magnitudes and rates of ongoing uplift as well as climatically induced changes
in discharge of water and sediment. However, it is the shore platforms that
are present along much of the New Zealand coastline that provide data to
assess late Quaternary uplit rates. They are geomorphic systems in equi-
librium where a balance exists between available energy, sediment amount and
size being transported across the platform, and hydraulic factors. Shore
platforms typically form during relative high stands of sea level character—
ized by minor fluctuations, such as during the late Holocene. Subsequent
decline of sea level terminates the construction of shore platforms and incor-
porates these coastal landforms into pre-existing fluvial systems.

Marine terrace time lines are directly tied to the chronology of major
fluctuations of late Quaternary sea level. Thus it is the assumed worldwide
general synchroneity of late Quaternary major high stands in glacio-eustatic
sea level that is of paramount importance when using marine terraces to assess
uplift rates. We believe that the flights of marine terraces on the New
Zealand coastlines are part of an overall population of global marine

terraces.

Materials for radiometric dating of the marine terraces are difficult to
obtain for buried shore platforms. Entire flights of marine terraces along
many coastlines lack either coral or volcanic materials that permit radio-—
metric age determinations older than the upper 1limit of radiocarbon dating.
However, when considered as sequences instead of single terraces, local
flights may be correlated with the overall population of dated global marine

terraces.

The objectives of this part of our investigation were to further develop
and substantiate procedures for correlation of undated flights of marine
terraces in New Zealand with the dated flights of terraces in New Guinea,
which are regarded as being representative of the overall population of global
marine terraces. Much of our recent field work concentracted on studies of
exhumed shore platforms, remnants of degraded sea cliffs, and associated beach
pebbles to altitudes of 2000 m at many locations within the Southern Alps.
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RESULTS

1. Faulted Stream Terraces

We did field work in New Zealand from 30 November 1983 through 28
February 1984. Our studies of faults of the Alpine shear system involved
three aspects:

1. Revisiting several sites first investigated in 1982 in order to map,
sample soils, and/or sample rock weathering rinds.

2. Investigate additional fault study sites to obtain more complete coverage
of the faults of interest, particularly emphasizing the obtaining of data
from the main Alpine fault.

3. Obtain additional calibration localities in Marlborough for weathering-
rind and soils analyses.

As a result of our 1983-84 field work we have expanded our number of
fault study sites from 10 to 19; in addition 6 other locations were investi-
gated but not used due to difficulties in interpretation, lack of suitability
for dating techniques, etc. We have also expanded the number of calibration
sites available for weathering-rind studies. When Chinn first described the
systematic thickening of weathering rinds in graywacke cobbles from geomorphic
surfaces, he had 10 sites as calibration points. Whitehouse and his coworkers
expanded this number to l4. Our 4 additional sites corroborate the previously
obtained data of Whitehouse and establish that rates of rock weathering in
Marlborough are similar to other South Island study areas. These new data
will be used to re-evaluate ages of faulted geomorphic surfaces and to provide
the basis for slip-rate analyses.

We also obtained soil samples from 8 fault-study sites in order to assess
time—dependent changes in soils morphology and chemistry. The results of
these studies will be combined with the results of the weathering-rind studies
to better constrain ages of faulted terraces, particularly along the Alpine
fault where two well-studied chronosequences (Franz Josef and Reefton) are
available for calibration.

2. Uplifted Marine Terraces

Flights of New Zealand marine terraces along coasts where uplift rates
range from less than 0.5 mm/yr to 9 mm/yr can be correlated and dated by
reference to the terraces in New Guinea dated in the age range of 30,000-
340,000 years. The basis for the correlation is that unique differences in
the number and altitudinal spacings of global marine terraces occur in a
diagnostic manner for each uniform uplift rate. The procedure involves
preparation of frequency-distribution plots, inferred uplift rate graphs, and
altitude-age ratio graphs. The morphologies of landscape elements along the
coasts and within the mountains of the Southern Alps are suggestive of
remnants of formerly more extensive shore platforms associated with high
stands of sea level. The most diagnostic landforms are notched spur ridges,
flattening ridge crests and flat-topped ridges, accordant summits, and accor-
dant saddles. Such landforms are present at all altitudes in the Southern

Alps. The notched spur ridges at many localities clearly represent remnants
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of exhumed shore platforms and their associated degraded sea cliffs. late
Quaternary glaciation has generally removed all traces of marine terrace
remnants in the lower portions of the intervening valleys.

A further important line of evidence for the presence of uplifted marine
terraces consists of rounded quartz pebbles. These 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. The rounded quartz
pebbles are most commonly associated with landforms such as notched spur
ridges; they occur at altitudes as high as 1800 m and are present on the
summits along the main divide of the Southern Alps. Origins such as deposi-
tion by streams, weathering from in place quartz veins, and gastroliths of
flightless birds such as the extinct moa seem highly improbable, given the
range of locations in which we have found such pebbles associated with the
characteristic landforms previously discussed. We conclude that these are
uplifted beach pebbles.
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Survey of helium in natural water wells and springs in southwest Montana
and Imperial Valley, California
Part VI - January 1 - December 31, 1983
W. P. Doering and Irving Friedman
U. S. Geological Survey, MS 963
Denver Federal Center
Denver, CO 80225
(303) 234-5531

Investigations 9570-00382

This report is of a continuing project begun in 1977 to evaluate a method to
predict earthquakes. It involves a comparison of significant changes in
helium found in natural water wells and springs with recorded earthquakes in
the immediate vicinity of the wells or springs. A positive correlation was
reported in the research done by Bulasevich and Bashorin (1974). Work in
previous years on this project is reported by Doering and others (Doering and
Friedman, 1980a, 1980b, 1982, 1983, and Doering and others, 1981).

Results

We received water samples from eight wells and four springs situated northwest
of Yellowstone National Park and from four wells in the Imperial Valley of
southern California. These sixteen stations located in the Hebgen Lake area
of Montana and southern terminus of the San Andreas fault zone of California
were chosen because the water contains measurable amounts of helium and they
are in active seismic regions. We received samples from all but three of
these stations during all of the year 1983. Table 1 gives a short description
of these stations and Figures 1 and 2 shows their approximate location on
maps.

The sample collectors withdraw about 9 milliliters of well or spring water
into a plastic syringe and then injected it into a partially evacuated
collection tube. A sample is usually taken once a day. When five tubes are
thus filled they are mailed to the Geological Survey laboratory at the Denver
Federal Center. There the gas in the ullage space above the water in the
sample tube is extracted and analyzed for helium on a mass spectrometer. The
method is described in Doering and others, 1981,

The analytical precision is +5% An additional +15% error is due to station
variations due to water temperature changes, amount of water collected, and
the method and daily time of sample collection. At the well stations the
helium concentrations may be affected by the quantity of water being pumped
just before the sample was taken. The daily record of the amount of heljum
present at each station is shown on Figures 3 through 19. Four scales are
used on the graphs because there are large helium concentration differences
between stations. There are a total of 8,340 individual analysis reported.
Numerical (Julian) dates are given on these graphs but they may be converted
to normally used calendar dates by use of Figure 20.

The National Earthquake Information Service located at Golden, Colorado

reported six earthquakes having a magnitude greater than 3.5 that occurred in
the reporting regions during 1983. Table 2 lists the date, epicenter location
and magnitude of the two earthquakes that occurred in the Imperial Valley and
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four earthquakes close to the Montana sampling network. These quakes are
indicated by tick marks and labeled "EQ" on the dates of occurrence on the
graphs of Figures 3 through 19,

Table 3 presents a summary of the helium data as related to changes in helium
and earthquakes. These changes are listed by station number and Julian

date. A + indicates there was a significant increase and a - indicates a
significant decrease in helium beginning with the date shown and continuing
for over 5 days. A significant change is defined as a change exceeding 20% of
the amount present that continues for at least 5 days. The date of
earthquakes are shown in column three. Column four shows the relationship of
helium changes to earthquakes. A + indicates there was a change in helium
preceeding or about the same time as the occurrence of an earthquake. A -
indicates there was a change in heljum but no earthquake the preceeding 30
days. At station 316 there was a sudden decrease in helium on day 146 (May
16) and a gradual increase beginning about day 314 (Nov. 10). This has
occurred every year since 1980 when collecting was begun. These changes
coincide with irrigation in the nearby fields.
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Table 2.--Earthquakes in reporting areas in 1983

Julian Calendar Latitude Longitude Region Magnitude
date date N. W.
12 Jan. 12 31.53 115.69 S.W. of E1Centro, CA 4,5
37 Feb., 6 44,56 110.64 N. of West Thumb, YNP, 4.7
WY
47 Feb. 16 45,94 111,51 Near Three Forks, MT 3.7
194 July 13 33.26 115,56 N. of Calipatria, CA 4,2
225 Aug. 13 44,72 111,80 W. of West Yellowstone, 3.9
MT
226 Aug. 14 44,76 111,80 W, of West Yellowstone, 4.1
MT
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Table 3.--Dates of significant He changes and correlation with earthquakes

Significant He
change and earth-

Julian date of start of quake correlation
Station significant He change Date(s) of (+ earthquake,
No. (+increase, -decrease) earthquake(s) - no earthquake)
300 37 -
300 47 -
300 59+ -
300 225,226 -
301 37 -
301 47 -
301 162+ -
301 225,226 -
305 30+ 37 +
305 34- 37 +
305 40- 47 +
307 37+ 37 +
307 43- 47 +
307 203~ 225,226 +
308 13+ -
308 27- 37 +
308 47 -
308 52- -
308 118- -
308 128+ -
308 224+ 225,226 +
313 21- 37 +
313 42- 47 +
313 49- -
313 181- -
313 225,226 -
314 37 -
314 47 -
314 58+ -
314 182+ -
314 214+ 225,226 +
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Table 3.--Dates of significant He changes and correlation with earthquakes, (Cont'd)

Significant He
change and earth-

Julian date of start of quake correlation
Station significant He change Date(s) of (+ earthquake,

No. (+increase, -decrease) earthquake(s) - no earthquake)
316 37 -
316 45+ 47 +
316 96+ -
316 134- -
316 146- -
316 225,226 -
316 314+ -
318 21- 37 +
318 31- 47 +
318 94+ -
318 106- -
318 122+ -
318 138- -
318 210- 225,226 +
318 221+ 225,226 +
318 291+ -
321 37 -
321 47 -
321 218- 225,226 +
344 12 -
344 116- -
344 164+ -
344 194 -
344 205+

348 12 -
348 26+ N
348 107- -
348 177+ +
348 190- 194 +
348 2217~ -
348 241+ -
349 355 (1982)- -
349 360 (1982)+ 12 +
349 211+ 194 -
349 271- -
349 282+ -
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Figure 13.--Helium concentrations in water samples, Ennis, Montana.
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Figure 19.--Helium concentrations in water samples, Ocotillo, CA.
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Global Seismology
9920-03684

E. R. Engdahl
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 234-4041

Investigations

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

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

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

4. 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.

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 ceatral 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.
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2. 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.

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.

Regorts

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) 234-5077

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.

2. 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
vicinity is being drawn. Geologic field data is being collected and
mapped.

4, Three geological materials map for the municipality 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

Bartsch-Winkler, S., and Schmoll, H. R., 1984, Guide to late Pleistocene and
Holocene deposits of Turnagain Arm, Alaska: Alaskan Geological Society
and Geological Society of America Bulletin, 90 p.

Espinosa, A. F., 1984, L _-wave attenuation in contiguous United States
[abs.]: EOS, Ameri gan Geophysical Union Transactions, v. 65, no. 16,
p. 233.



1984, Local magnitude determination using strong-motion horizontal
accelerograms [abs.]: Seismological Society of America Annual Meeting,
Anchorage, Alaska, May 30-June 1, 1984.

Espinosa, A. F., and Michael, J. A., 1984,Seismicity of the arctic and
adjoining regions: U.S. Geological Survey Open-File Report 84-376,
Lambert equal-area projection.

Schmoll, H. R., Yehle, L. A., Gardner, C. A., and Odum, J. K., 1984, Surficial
geology and glacial stratigraphy within the Upper Cook Inlet Basin,
Alaska: Alaskan Geological Society and Geological Society of America
Bulletin, 89 p.
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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 initial phase activities are complete. A total of 110 new steroscopic
photographs have been thoroughly studied in conjunction with careful field
evaluation.

2. Thirteen (13) camera stations for G. K. Gilbert's 1906-1907 photographs of
1906 ruptures in the San Andreas fault zone have been located. We have taken
modern photographs at each locality. Significant cultural and vegetative
modifications are apparent.

3. Large scale topographic maps (1" = 100') are in preparation for three sites:
1) approximately one mile southeast of the Vedanta Retreat, 2) southeast of

Five Brooks, and 3) west of the Randall trailhead. These maps will enable us to
show the following with considerable accuracy: 1) the rupture traces of 1906;
2) additional traces active in Late Quaternary time; 3) camera stations for
Gilbert's 1906-1907 photographs and other historic data; 4) fault-related
geomorphic features; and 5) Holocene deposits associated with active faulting.

Reports
Hall, N. T.,lgay, E. A., and Cotton, W. R., 1984, Problems in the application
of

C dates to slip rate determinations of the San Andreas fault:
Seismological Society of America, Abstracts and Program.
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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) 234-5090/5087

Investigations

1. Conducted high-resolution seismic reflection surveys.

a. Across the Borah Peak earthquake fault scarp along the Double Springs
Pass road.

b. Along the central Pacific railroad grade in Hansel Valley, Utah.
c. Along a line west of Becks Hot Springs in Salt Lake City, Utah.

2. Created synthetic seismogram for three deep wells in the Mississippi
Embayment.

Results

1. These lines have been processed and are in the process of being
interpreted. The line run from the interstate at Becks Hot Springs in
Salt Lake City is shown in figure 1. CDP 1200 is at the intersection of
the railroad tracks and Utah 249. CDP 1340 is at the intersection of Utah
249 and Redwood Drive. 1200 is at the east, and 1340 at the west end of
the line.

2. The synthetic seismograms were used to interpret the reflection profiles
recently purchased across the New Madrid fault zone.
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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

Former glacial lake sites in the Connecticut River valley of New
Hampshire and Vermont, the Champlain Valley in Vermont and New York, and the
mid-Hudson River valley in New York were examined. Altitudes of topset-
foreset contacts of deltas constructed in the former lakes were obtained in
each of these areas. The topset—-foreset contact is considered to be a
reliable indicator of the former lake level to within one meter. Glaciomarine
features in the Champlain Valley in Vermont also were examined.

RESULTS

The altitudes of topset-foreset contacts of the deltas provide a profile
of significant postglacial crustal isostatic uplift of most of New England to
the north-northwest, suggesting that the locus of depression caused by the
last ice sheet (late Wisconsinan) was centered around Hudson Bay. This
indicates that the ice sheet was not characterized by multi-centers at its
maximum thickness, as proposed by several Canadian investigators, but rather
the glacier's center was more of a saddle-shaped ridge over Hudson Bay, as
proposed by Deaton and Hughes (1981), and Walcott (1972).

Maximum uplift gradients are about 90 cm/km over most of New England.
Thus northern areas of New England have been isostatically uplifted by over
300 meters during late glacial and postglacial time. Such a large amount of
uplift indicates a thicker rather than thinner ice sheet model, perhaps more
than 4000 meters thick at the center. A thicker ice sheet, in turn, suggests
a greater rather than smaller eustatic sea-level drop of more than 135 meters
at approximately 18,000 years B.P.

The uplift profile, more than 220 km long, obtained from the ice-marginal
deltas is very straight, showing a tangent rather than being curved. The
profile is also time-transgressive, that is, the southern ead is older than
the northern end by as much as 3000 years, The antiquity and straightness of
the profile indicate two major conclusions. 1) Isostatic response of crustal
uplift was delayed for about 5000 years, until about 13,000-14,000 years
B.P. It has been suggested recently that as much as one half of the ice load
had been removed by this time. Such a slow viscous response by the mantle is
not yet clearly understood. 2) The isostatic crustal response was not
affected in any measurable way by variations of lithologic or structural
features of the crust. The profile crosses a number of lithologic and
boundaries without any change in gradient.

REPORTS
Koteff, Carl, 1984, Debris source for meltwater deposits in New England

[abs.]: Geological Society of America Abstracts with Programs, v. 16,
no. 1, p. 28.
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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) 234-3573

Investigations

Because this project has been in progress only a few months, study to
date has been limited mainly to air photos. Besides selecting sites for
detailed stratigraphic study during the summer of 1984, a comparison was made
between landslides in several localities along the Wasatch Front and land-
slides in other localities in Utah and Colorado for which some age control
exists. This comparison focused on the topographic expression of landslides
as a function of age and on the relationships between landslide distribution,
altitude, aspect, and age.

Results

Three conclusions can be drawn from the differences in the topographic
expression and the altitude-aspect relations of the landslides studied.

1. The topographic expression of landslide deposits changes with time in a
manner similar to that documented for glacial deposits. Landslide
deposits of late Pleistocene age (10,000-15,000 B.P., for example) have a
sharp, distinct, apparently little modified topographic expression similar
to that of moraines of Pinedale age. Changes in morphology with increased
age include (1) a decrease in relief, (2) progressive infilling of depres-
sions, (3) a decrease in scarp slope angle, and (4) an increase in the
width of the crests of ridges within the landslide deposits. As with
glacial deposits, the topographic expression of landslides of a given age
appear to be influenced by the the lithology of the rocks composing them.

2. Crosscutting relations between landslide deposits and stream-terrace
deposits containing the Lava Creek B volcanic ash (610 ka) indicate that
some landslides retain topographic expression for longer than 610,000
years. Obviously, many landslides are relicts, products of environments
different than those of the present. The tendency for relict landslides
to accumulate in the landscape suggests that maps that show only the
distribution of landslides, with little consideration given to age and
origin, are likely to greatly overestimate the landslide hazard.

3. In many places, landslide distribution suggests that wetter climates of
the past were the principal cause of landsliding. Landslides tend to be
more common on north- and east-facing slopes than on south- and west-
facing slopes. This relationship is not as evident at higher altitudes
(greater than 2,600 m, for example) as it is at lower altitudes where the
more arid climate of the present is less conducive to landsliding. With
decreasing altitude, relict landslides appear to compose a greater
percentage of the total number of landslides present.
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Surficial Geology Along the Wasatch Front, Utah
Project: 9950-01622

Robert D. Miller
U.S. Geological Survey
Box 25046, Denver Federal Center, MS 903
Denver, CO 80225
Ph: (303) 234-2960

Continued preparation of text to accompany maps showing deposits grouped on
the basis of texture along part of the Wasatch Front, Utah. The boundaries of
the maps, already completed, coincide with the surficial geologic maps
published as Miscellaneous Investigation Maps I-1198 and I-1477, which
encompass areas along the Wasatch Front in Great Salt Lake Valley and Utah
Valley. No additional field investigations were undertaken, and the text
preparations included compilation of laboratory tests and evaluation of
physical properties of the deposits.

Publications:

Miller, R. D., 1980, Surficial geologic map along part of the Wasatch Front,
Salt Lake Valley, Utah: U.S. Geological Survey Miscellaneous
Investigations Map I-1198, scale 1:100,000. [reprinted October 1983]

Miller, R. D., 1982, Surficial geologic map along part of the Wasatch Front,

Great Salt Lake and Utah Lake Valleys, Utah: U.S. Geological Survey
Miscellaneous Investigations Map I-1477, scale 1:100,000.
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Stable Isotope Investigations of Fault Processes

9570-00383
James R. O'Neil
Branch of Isotope Geology
U.S. Geological Survey
345 Middlefield Road, MS 937
Menlo Park, CA 94025

Investigations

1.

Deuterium and oxygen-18 analyses are made of well waters and
springs sampled biweekly at several locations along the
major fault systems in north-central California. The
isotopic variations are correlated with variations in
chemical compositions of the water and radon concentrations
in soil gas in an attempt to identify possible geochemical

precursors to seismic activity.

Concentrations and carbon isotopic compositions of 002 in

soil gas from two locations in San Juan Bautista are

measured weekly as a possible monitor for earthquake

precursors.

Stable isotope compositions are measured of fault zone
materials including mylonites, gouge and entrapped waters
and clay materials in an attempt to understand the nature of
water-rock interactions in fault systems and the

temperatures generated during fault movement.
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Results

Measurements were made of the contents of D, 180. and H20+ in
fault gouge collected over a depth of 400 meters in the San
Andreas Fault near Hollister, California. The amounts and
isotopic compositions of the pore fluids, also analyzed, suggest
that formation waters from adjacent Franciscian rocks have
migrated into the gouge and mixed with local meteoric water (Fig.
1). Thus the gouge is an open system permeable to fluid flow.

This permeability has important implications concerning heat flow

along the fault zone.

Analyses of the fault gouge itself gives information on the

amounts, timing, and conditions of formations of the clay

materials:

(a) The gouge porosity of about 10 percent doesn't change

significantly with depth.

(b) Clay minerals constitute only about 42 percent of this

gouge, previously considered to be composed dominantly of

clay.

(c) The bulk of the clays grew at a former time when climate or
topography were different from those prevailing at the

present location of the Gabilan Range.

Reports

O'Neil, James R. (1983), Water-rock interactions along active
fault zones in California, Fourth International Syposium on

Water-Rock Interaction (Extended Abstracts), p. 381-384.

O'Neil, James R. (1984) Water-rock interactions in fault gouge,

Jour. Geophys. Res., in press.
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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) 234-5070

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 O0ffice 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 RSX11 (11/34's), Unix (11/70), RT11
(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
Branch of Eastern Regional Geology
MS 925, U.S. Geological Survey
Reston, VA 22092
(703) 860-6406

Investigations

1.

2.

3-

Vibroseis profiling of Ramapo seismic zone in New York State (in
cooperation with Virginia Polytechnic Institute and State University).

Detailed geologic mapping along routes chosen for Vibroseis profiles.

Examination of drill core and trenches across Mesozoic faults of the
Ramapo fault system, and siting of drill holes for in-situ stress studies.

Results

1.

Approximately 50 km of new 12-fold seismic reflection data were collected
along a route extending from near Pound Ridge, N.Y., northwestward across
the Hudson Highlands and into the lower Hudson River valley near
Poughkeepsie, N.Y. The line crosses an area of the seismogenic
Proterozoic Y basement rocks with well-located hypocenters at depth of

0 -1 km in the west, to as deep as 12 km in the east. Preliminary
interpretation of the migrated data suggests that reflectors associated
with moderately steeply southeast dipping (35° ) mylonite zones in
basement rocks are detectable.

Geologic mapping of the northern Vibroseis route is 50% complete.
Additional geologic mapping along Ramapo Vibroseis lines 1 (see previous
report for index map) and 2 are also about 50% complete.

Five newly collected cores across the Ramapo fault near Riverdale, N.Jd.,
collected in cooperation with the New Jersey Department of Transportation
completely recovered the fault zone along a 3 km length of the fault trace
south of our Riverdale site. Detailed study of these cores reveals that
the last recorded movement on the Ramapo fault surface was right-oblique
normal faulting with typical Mesozoic mineralization. These results are
consistent with our previous results from seven other sites along the
Ramapo and Flemington faults (Mesozoic border faults) indicating that
these northeast-striking, southeast-dipping gouge zones have not been
reactivated as reverse faults in the current compressional stress field.
Detailed studies of two deep 1,500 ft and 1,000 ft drill holes cored by
the U.S. Nuclear Regulatory Commission for hydrofracturing have been
completed. One of these deep drill holes at Annsville, N.Y., is located
within Annsville earthquake swarm, where hypocenters have been accurately
determined by Woodward-Clyde's 12-station network. Extensive Mesozoic
brecciation is present at the 900 - 1,000 ft level and there is clear
evidence of reactivation of Paleozoic mylonite zones as Mesozoic brittle
faults in this area.
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4, Additional Vibroseis profiles in New Jersey across the margin of the
Newark Basin and in-situ stress measurements to be conducted by Mark
Zoback in a 1-km-deep industry drill hole are being planned.

Reports

Stanley, R. S., and Ratcliffe, N. M., in press, Tectonic synthesis of the
Taconic orogeny: New England Appalachians: Geological Society of America
Bulletin.

Rateliffe, N. M., and Burton, W. C., 1983, Brittle fault fabrics, mineralogy
and geometry of the border faults of the Newark basin, New York - New
Jersey, from drill-core information: Geological Society of America,
Northeastern Section Meeting, Abstracts with Programs, v. 16., no. 1,

p. 57.

Ratcliffe, N. M., 1983, Brittle-ductile transition zone in a Barrovian
gradient: Implications for tectonic implacement of isograds: Geological
Society of America, Northeastern Section Meeting, Abstracts with Programs,
v. 16, no. 1, p. 57.

Burton, W., and Ratcliffe, N. M., Attitude movement history and structure of
cataclastic rocks of the Flemington fault based on core drilling near
Oldwick, New Jersey: U.S. Geological Survey Miscellaneous Field Survey
Report.
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Helium Monitoring for Earthquake Prediction
9570-01376
G. M. Reimer
U. S. Geological Survey, MS 963
Denver Federal Center
Denver, CO 80225
(303) 234-5531

Investigations

The variation of helium in soil-gas from sample collecting stations along the
San Andreas Fault near San Benito, California has been observed to have a
significant correlation to seismic activity recorded in the surrounding

area. In addition to monitoring helium, an expanded effort is being planned
to analyze for other gases, notably, nitrogen, oxygen, carbon dioxide and
methane. This effort will hopefully provide information to understand the
mechanisms for helium variations.

Results

Figure 1 shows the plot of the helium concentrations as a function of time.
Table 1 Tists the helium decrease beginning dates and dates of the nearby
seismic activity. For this time period, May of 1979 to December of 1983, an
empirical definition was developed to define a helium decrease and a
corresponding earthquake. The criteria are as follows:

Two successive 4 ppb helium decreases from a 3-week moving average of
all sample probes.

A 1,5 to 6.5 week leadtime from the beginning of the decrease until the
occurrence of seismic activity.

An earthquake of magnitude 4(-0.2) occurring within a fixed distance from
the center of the sample collection stations (an ellipse 160 x 80 km; the
major axis parallels the San Andreas Fault).

Using these criteria, 15 helium decreases match 25 earthquakes. By
considering some earthquakes as clusters, those that are not aftershocks but
otherwise spatially or temporally related, the correlation is 15 of 18
earthquakes. Examples of clusters are the earthquakes identified as 81007-
81015 and 80127-81062 in Table 1.

January 1, 1984 became the arbitrary date after which the empirically derived
criteria would be applied to evaluate future correlations. Of particular note
is the April M=6 earthquake near San Jose fit these criteria.

Regorts

Reimer, G. M., 1983, Prediction of central California earthquakes from soil-
gas helium fluctuations?, EOS, Transactions of the American Geophysical
Union, v. 64, p. 757.
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Table 1
Date of the beginning of the helium decrease and corres-
ponding earthquake data. The first two digits of the
date are the year of the twentieth century and the last
three digits represent the cumulative calendar day of
that year. Tie lines represent clusters.

Helium
decrease Earthquake Location
date date Lat. (N) Long., (W) Mag.
79192 79218 37.102 121,503 5.9
79297
79332 79358 36.975 122,272 4,0
80024 37,852 121,815 5.5
80027 37,737 121,740 5.8
80030 80066 36,669 121,373 4,0
80065 80104 36.762 121.548 4.8
80100
80128 80170 36.898 121,683 4,1
80191 80236 37.569 121.672 4,1
80287 36.595 121.085 4.1
80337 81007 36.866 121.630 4,5
81015 37.383 121.737 4.8
80365 81027 36.843 121,633 4,1
81062 37.548 121.945 4.4
81091 81115 37.090 121.885 4,1
81141 81160 36.747 121.362 4,2
81226 36.773 121.293 4,2
81224 81271 36.792 121.587 3.9
82007
82096
82148 82170 36.530 121,073 4,0
82180 82221 36.597 121,242 4,5
82230 37.025 121.745 4.5
82236 37.468 121.815 4.0
82240 37.845 121.782 3.8
82243 36.648 121.325 4,0
82361 83036 36.680 120.855 4,1
83108
83199 83241 35.803 121.353 5.4
83283

72



J1Lvd

| EBB1T : Nmmﬁ. ﬁmmﬂ_ &mmﬂn 6461

+

P393 |02 30U 943M Ss3|dwes uaym spoLuad ade dul| ejep wni|ay

3yl UL SYye3Ug °SYIUOW BUR SUOLSLALP d3eQ "dseaJddp BuLpadadd e Inoyilm ayenbyzues ue
S91BDLpUL | *SX¥93M G*9 03 G'T UL Builmo| |04 ayenbyjJaed ue InOY3LM SISLIUIIP SIUISAUADU +
4930946 U0 p=l 40 SOYenbyises aJe SIOp ©SISEIUIIP WNL|3Y B4R Seade papeys €861

A3qua23q 07 6/6] ACW WOA4 RLUAOJL[R) €0ILUDG URS URBU SUOLJIBAJUBIUOD Seb-|10S wnL|3H--"T d4nbL4 .

deScs

avres

Bacs

28cs

BBES

gces

BreES

NOILlLVIN3IJINOI WNI3H

<8dd>

72



Rock Deformation
9950-00409

Eugene C. Robertson
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
922 National Center
Reston, VA 22092
(703) 860-7404

Investigations

Quantitative studies of the relationship of displacement d
on faults to the corresponding thickness t of gouge and breccia
of the faults were completed and published. Measurements were
obtained on faults observed underground in mines, at outcrops,
and on laboratory specimens; about one-third of the data are from
the technical literature.

Results

The d and t of faults observed underground in mines were
obtained from geologic notes and maps of geological departments
of mining companies in Butte, MT, Coeur d'Alene, ID, Magma, AZ,
Alma, CO, and Kirkland Lake, Ontario. Only gouge and breccia are
considered to make up the fault, and thicknesses of adjacent,
jointed, undisplaced rock are not included, although sometimes
not identified in the literature sources. Of the 49 data points
and boxes which are plotted in Figure 1, 25 were obtained from
faults in mines.

The three points and boxes at the lower left of Figure 1 are
from laboratory studies of friction; rock cylinders with saw-cuts
at various angles were compressed at room temperature under low
confining pressure. The remaining 21 points and boxes are from
observations at the earth's surface of normal and small thrust
faults., No large strike-slip or overthrust faults are included
because their d's and t's are poorly determined.

Assuming their logarithms are normally distributed, the
points in Figure 1 have a high correlation coefficient,
r=0.,94, Some of the scatter might be explained if each fault
were studied more carefully; t might be too large because of
including jointed rock with gouge and breccia, or t might be too
small because splits of the fault were not included. Values of d
may be in error because of uncertainty in the rake angle or in
offset of indistinct or misidentified geologic features.
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Confining pressure, water conditions, rock type, and history
of deformation would affect d and t, and if understood, some of
the scatter of points could probably be explained. A wide
variety of igneous and sedimentary rocks were involved in the
faults shown in Figure 1, which by its uniform trend of points
indicates that the various rocks behave much alike in forming
gouge and breccia. Limestone is an exception due to its
ductility. A physical model for the brecciation process of
continued production of gouge and breccia with continued
displacement of a fault is described in Robertson (1982).

Regorts

Robertson, E. C., 1982, Continuous formation of gouge and breccia
during fault displacement, in R. E. Goodman and F. E. Heuze,
editors, Proc. 23rd Symp. Rock Mechanics, Amer. Inst. Min.

Met. Petrol. Engr., p. 397-404.

Robertson, E. C., 1983, Relationship of fault displacement to
gouge and breccia thickness, Amer. Inst. Min. Met. Petrol.
Engr., Mining Engineering, v. 35, no. 10, p. 1426-1432,
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Basement Tectonic Framework Studies
Southern Sierra Nevada, California

9910-02191

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

Investigations

1. Petrographic study of basement rock samples to be submitted for 180 and
Rb/Sr analyses.

2. Compilation of all sample data from the southern Sierra Nevada (north to
Tat. 36°00'N) on master set of 27 topographic quadrangles.

3. Preparation of a geologic map and accompanying report on tne basement rock
relations along the White Wolf, Breckenridge, and southern Kern Canyon faults,
southern Sierra Nevada, California.

4. Preparation of petrographic summaries, compositional diagrams, and index
maps for several granitic units of the southern Sierra Nevada.

Results

Several basement rock units show right-lateral strike-slip offset across a
200 km-long basement break in the Sierra Nevada batholith (the White Wolf-
Breckenridge-Kern Canyon fault zone). This master crack in the batholith may
have originated some 80 to 90 m.y. ago in response to a regional oroclinal
flexure. The recent history of the southern part of this fault zone (White
Wolf and Breckenridge faults) has produced fault displacements that contradict
the offset pattern suggested by the basement rocks. The White Wolf fault has
recently (1952) moved with a left-lateral and thrust sense, based on
measurements of surface ruptures and fault plane solutions. Left-lateral
of fsets have also been noted in some subsurface formations in this area. The
cause of this presumed change in fault style is not known, but northward
impingement by the San Andreas fault on the northeast-trending White Wolf
fault could cause left-lateral and thrust displacements on this old, right-
lateral, basement crack. Present-day topography along the NNE-trending
Breckenridge fault suggests that the most recent movements on this fault have
been normal dip-slip displacement of more than 1,000 m. This style change is
even more perplexing. The Breckenridge fault may now be responding to the
stress pattern of late Cenozoic extension in this region. Thus, the old,
right-lateral plane of weakness could now be behaving like a small Basin-Range

normal fault.
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Reports

Ross, D. C., 1983, Generalized geologic map of the southern Sierra Nevada,
California, showing the location of basement samples for which whole rock
180 has been determined: U.S. Geological Survley Open-File Report
83-904, scale 1:250,000.

---(in press), Possible correlations of basement rocks across the San Andreas,
San Gregorio-Hosgri, and Rinconada-Reliz-King City faults, California:
U.S. Geological Survey Professional Paper 1317 (Director's approval,
October, 1983).
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Earthquake Hazard of the Red River Fault and
Related Faults Deduced from Geological Field Studies
in Western Yunnan Province, P.R.C.

14-08-0001-21289

Kerry Sieh
Division of Geological and Planetary Sciences 170-25
California Institute of Technology
Pasadena, CA 91125
(818) 356-6115

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

Since our previous summary, we have (1) submitted most of the radiocarbon
samples for analysis and (2) hosted 3 of our Chinese colleagues during a one-month visit
to Caltech this Spring. The radiocarbon dates will be available by mid-summer, and
analysis of the paleomagnetic samples was undertaken by the Chinese and Weldon during
their one-month visit. The Chinese also brought a number of soil samples we collected
from a faulted alluvial fan. The fan contains carbon that is currently being dated.
Graduate student Emelia Burt will study the chemistry of these soils at the University of
Maryland this summer. These data will enable us to begin to characterize the rate and
nature of soil formation in southern China.
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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) 234-4041

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 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. 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 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.
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The great 1974 Peru thrust earthquake (MS 7.8, My 8.1) occurred in a
documented seismic gap, between two earthquakes each with magnitude of
about 8, occurring in 1940 and 1942, The stress release of the October 3,
1974, main shock and aftershocks occurred in a spatially and temporally
irregular pattern. The 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.

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;
Mg 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 Raleigh-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.

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.

81



T-2

Tectonic Analysis of Active Faults
9900-01270

Robert E. Wallace
Office of Earthquakes, Volcanoes and Engineering
345 Middlefield Road, MS 77
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. Investigation of active faults of Japan.
Results

1. Under the auspices of the Geophysics Study Group, National Research
Council, National Academy of Science, a symposium on "Active Tectonics--Impact
on Society" was held at the fall meeting of the American Geophysical Union. I
served as chairman and organizer of the symposium, and am serving as editor of
the NRC/NAS volume being prepared.

2. With the partial support of the Japanese Industrial and Technological
Association, I spent six weeks as a guest of the Geological Survey of Japan
examining active faults in western Japan. Among the faults examined were the
Median Tectonic Line, the Yamasaki fault, Atera fault and Tana fault. A1l of
these appear to have become active in late Quaternary time. Al1l have recur-
rence intervals for large displacement events measured in many hundreds to
several thousand years. Not all of the Median Tectonic Line is active, and
the greatest strike-slip displacement is probably no more than a kilometer in
central Shikoku.

Reports

Wallace, R. E., 1984, Variations in slip rates on faults in the Great Basin
Province [Abs.]: Seismological Sociey of America, May 29-June 2, 1984,
Anchorage, Alaska.
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Wallace, R. E., 1984, Fault scarps formed during the earthquakes of October 2,
1915, Pleasant Valley, Nevada, and some tectonic implications: U.S.
Geological Survey Professional Paper 1274-A.

Wallace, R. E., 1984, Eyewitness account of surface faulting during earthquake
of October 28, 1983, Borah Peak, Idaho: Seismological Society of

America Bulletin (in press).

Wallace, R. E. and Whitney, R. A., 1984, Late Quaternary history of the
Stillwater Seismic Gap, Nevada: Seismological Society of America, v.

74, n. 1, p. 301-314.

Hanks, T. C., Bucknam, R. C., Lajoie, K. R., and Wallace, R. E., 1984,
Modification of wave-cut and faulting-controlled landforms: Journal of

Geophysical Research (in press).

Hanks, T. C. and Wallace, R. E., 1984, Morphological analysis of the Lake
Lahontan shoreline and Beachfront fault scarps, Pershing County,

Nevada: Geology (in press).

Schultz, S. S. and Wallace, R. E., 1984, The San Andreas fault.
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Geophysical and Tectonic Investigations
of the Intermountain Seismic Belt

9930-02669
Mary Lou Zoback
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 77
Menlo Park, California 94025
(415) 323-8111, ext. 2367

Investigations

1)

2)

Compilation and analysis of worldwide principal stress data.

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

Results

1)

2)

A file of principal stress data determined from focal mechanisms, in
situ stress measurements, and geologic stress indicators, is being
compiled. One data set covers the North American plate including
oceanic areas and parts of the Pacific plate and includes the data
from the conterminous United States compiled by Zoback and Zoback
(JGR, 1980) as well as all new data published since that compilation.
This data set was published in Zoback and others (1984). Stress data
are also being compiled for the entire circum—Pacific region as part
of the Circum~Pacific Geodynamic Map Series. Most data were obtained
through collaboration with foreign scientists. However, some new
stress orientations were determined for Szechwan, China from analysis
of well bore breakouts measured on dipmeter logs provided by the
Petroleum Corporation of the People's Republic of China.

An integrated analysis of gravity, seismic refraction, surface
elevation and heat flow 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
thermally 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 lithospheric thickness, the
difference between mean lithosphere and asthenosphere density, and a
constant related to the level to which asthenospheric material would
rise if not overlain by lithosphere. This latter constant is obtained
using a mid-ocean ridge as a standard mass column. The crustal
component of lithosphere buoyancy is computed from density models
derived from seismic refraction studies. Mantle lithosphere density
is computed from thermal expansion using a mean lithospheric
temperature which is derived from the lithosphere base temperature,
(assumed to be 13500C) and a crust-base temperature estimate from

heat flow and heat production data. Lithospheric thicknesses computed
from buoyancy considerations for different regions in the Western
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United States are as follows: northern Basin and Range province, 55-65 km;
southern Basin and Range province, 50-60 km; Colorado Plateau, 90-100 km;
and the Southern Great Plains, 170 km. Four Long ( 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 are shown to provide an
excellent fit to the gravity data and are also similar to thermal
lithosphere thicknesses that would be predicted from a simple downward
extrapolation of temperature gradients.

Reports

Zoback, M. L., 1984, State of lithospheric stress, in Drummond, K. J.,
Geodynamic Map of the Circum—Pacific Region, Northeast Quadrant,
American Association of Petroleum Geologists, Tulsa, Oklahoma, scale
1:10,000,000.

Zoback, M. L., and Lachenbruch, A. H., 1984, Upper mantle structure beneath
the western United States: Geological Society of America, Abstracts
with Programs, Fall Meeting, (in press).

Zoback, M. L., Zoback, M. D., and Schiltz, M. E., 1984, Index of stress

data for the North American and parts of the Pacific Plate: U.S.
Geological Survey, Open-File Report, 84-157, 62p.
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Surface Faulting Studies
9910-02677

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

Investigations

1. 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 and prepared for publica-
tion.

2. The computer program to analyze the effect that material penetrated and
fault displacement have on the visibility of faults in exploratory trench-
es was debugged by J.J. Lienkaemper. Galley proofs of a report on a
trench across the 1915 Pleasant Valley, Nevada, fault were corrected.

3. With J.J. Leinkaemper, a field investigation was made of the October 1983
Idaho faulting with emphasis on fixing the 1imits of the surface rupture.

4. At the request of the U.S. Agency for International Development, a field

examination was made of the epicentral area of the Mg 6.2 Guinea, West
Africa, earthquake of December 22, 1983. This intraplate earthquake
occurred in a part of Guinea where no previous earthquakes have been re-
ported in either historical or instrumental records. About 275 people
were killed, 1,000 injured, and 4,000 houses destroyed.

In collaboration with geologists of the Guinean Ministry of Mines and
Geology, fresh surface faulting was identified and mapped in the period
January 12 through January 28. The surface faulting extends discontin-
uously for about 9 km with a W.N.W. concave-south trend from 11.886° N.,
13.394° W. to 11.912° N., 13.474° W. Displacement is consistently right
lateral with a maximum right slip of at least 13 cm on the principal
break. The maximum across the whole zone is no doubt greater, but could
not be measured because no fences, roads, or straight paths crossed the
whole zone. One segment of the fault has a small vertical component with
the southwest side down.

The surface faulting is probably on the causative fault. The
National Earthquake Information Service placed the epicenter at 11.950°
N., 13.605° W., approximately on line with but 15 km west of the surface
faulting. The distribution of damage suggests an epicenter near the
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surface faulting rather than at the instrumental location and the distri-
bution of rockfalls and liquefaction effects, to the extent known, is com-
patible with either location. For a strike-slip M 6.2 event the expected
surface rupture length and maximum displacement, based on empirical data
(Bonilla, Mark, and Lienkaemper report cited below), are 8 km and 0.8 m,
respectively. C.J. Langer deployed a net of 11 seismographs in the area
of the fault in mid-January. A preliminary examination by Langer of seis-
mograms of several well-recorded aftershocks indicates, based on S-P
times, that most of the aftershocks were probably originating on the fault
defined by the surface faulting. The various kinds of evidence taken
together strongly suggest that the surface faulting was on the fault that
caused the earthquake.

The faulting followed preexisting fractures, lines of vegetation, and
rare small scarps, but other topographic and geologic evidence of active
faulting was not seen in the sections that were examined. This indicates
that the faulting was on a preexisting fault, but one with a low slip
rate.

Reports:

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, in press.

Bonilla, M.G., Mark, R.K., and Lienkaemper, J.J., Statistical relations among
earthquake magnitude, surface rupture length, and surface fault displace-
ment. (Approved by Director).

Lienkaemper, J.J., Comparison of two surface-wave magnitude scales: M in

Gutenberg and Richter (1954) and M. of Preliminary Determination of
Epicenters. (Approved by D1rector§
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Soil-Structure and Structural Response Studies
9910-02760
A.G. Brady and G.N. Bycroft

Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2881

Investigations

1.

Ambient (wind-excited) studies were completed, using temporary Spreng-
nether digital recorders, on the Great Western building in Berkeley, the
Hayward City Hall, and the Palo Alto City Hall. Dynamic computer study of
the Great Western building, Berkeley, confirms the mode shapes and fre-
quencies seen in the ambient study. The Hayward City Hall test used the
already permanently installed accelerometers. The Palo Alto City Hall
test, using temporary accelerometers, is designed to allow comparison of
the structure's dynamic characteristics before and after significant
stiffening of the 8-story tower.

The investigation of time-dependent structural response has been concluded
with a study of its application to the ductility requirements of struc-
tures during earthquakes.

Research on the effect of soil-structure interaction and differential
ground motions on the motion of structures was continued. The effect of
s0il structure interaction on the recording of accelerograms has been
studied further with a paper in preparation. Initial design of experi-
ments to verify corrections of accelerograms for soil structure interac-
tions was made. These experiments are to be made in conjuction with
experiments planned by S.R.I. International, who will be testing an
explosive device aimed at simulating earthquakes.

Results

1'

2.

The selected locations for temporary accelerometer placement for the
ambient study at Great Western are confirmed as the desirable location for
permanent instrumentation, which will be installed in FY 84, Three trans-
lational modes and one torsional mode of vibration are identified by
ambient and dynamic computer studies. Structural behavior during a strong
earthquake will involve all these modes.

The ductility factor for a specific structure during an earthquake is a
measure of how much ductility is demanded of a structure during an
earthquake, and may reach the value of four, for example, indicating that
the inelastic displacements within the structure were four times larger
than when the elastic limit was reached. The results of the described
investigation on structural response indicate, for example, that on the
average, such a structure will enter the inelastic regime not only once
but for a total of eight cycles of response.
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3. The differential array of accelerometers at Hollister, California was
completed. An analytical solution to the impact of an elastic column on
an elastic halfspace was developed. An analytical solution to the motion
of a truncated wedge dam including soil structure interaction when sub-
jected to simulated earthquakes was determined and it was shown that an
optimum design is achieved when the trapezoidal section of the dam has the

form of a triangle.

Reports

Bycroft, G.N., and Mork, P.N., Seismic Response of a Trapezoidal Section Dam
Including Soil Structure Interaction, to be submitted to The Journal of

Farthquake Fngineering and Structural Dynamics.

Perez, V., and Brady, A.G., 1984, Reversing cyclic demands on structural
ductility during earthquakes, Proceedings of Applied Technology Council
Seminar on Farthquake Ground Motion and Building Damage Potential, San

Francisco, in press.
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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. Completed studies of uplift across the Long Valley caldera, California,
during the period 1905-1983, with an emphasis on recent (post-1975) activity.

2. Continued investigations of the magnitude and predictability of the
unequal refraction error in geodetic leveling based on an examination of the
historic record and the results of several recent experimental studies.

3. Revised and corrected edited and reviewed versions, respectively, of
reports on the southern California uplift and its early-20th-century analogue.

Results

1. Our examination of the results of repeated levelings through the Long
Valley area indicate that the post-1975 uplift centering on the resurgent dome
probably is unique within this century--certainly with respect to its
magnitude. Although a dramatic and apparently aseismic down-to-the-northwest
tilt of the order of 10 urad occurred over the reach between Toms Place and
Lee Vining during the period 1914-1932, it was apparently of tectonic origin
and cannot be directly associated with magmatic activity within the caldera.

Reports

Castle, R. 0., Estrem, J. E., and Savage, J. C., Uplift across Long Valley
caldera, California: 27 ms. p., 10 figs., 1 table (approved by
Director); submitted to Journal of Geophysical Research.

Castle, R. 0., Brown, B. W., Jr., Gilmore, T. D., Mark, R. K., and Wilson, R.
C., 1983, An examination of the southern Califoria field test for the
systematic accumulation of the optical refraction error in geodetic
leveling: Geophysical Research Letters, v. 10, no. 11, p. 1081-1084,

Castle, R. 0., Church, J. P., Yerkes, R. F., and Manning, J. C., 1983,
Historical surface deformation near Oildale, California: U.S. Geological
Survey Professional Paper, 1245, 42 p.
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Late Quaternary S1ip Rates on Active Faults of California
9910-03554

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

Investigations

1. Compile a table and map (1:1,000,000) of late Quaternary slip rates for
faults of California from published and unpublished data. The following
U.S.G.S. geologists act as evaluators and compilers for specific regions:
North Coast Ranges, J. J. Lienkaemper, K. R. Lajoie, K. K. Harms, J. D. Sims,
J. A. Perkins; Transverse Ranges and L. A. Basin, J. I. Ziony, A. M.
Sarna-Wojcicki, J. C. Matti, J. C. Tinsley; Peninsular Ranges, J. [. Ziony;
Salton Trough, R. V. Sharp; Mojave Desert, Great Basin, and Eastern Sierra
Nevada, M. M. Clark; Cascade-Modoc Plateau, K. K. Harms, and D. S. Harwood.
tEdited by K. K. Harms, J. J. Lienkaemper, M. M. Clark, and J. I. Ziony.

2. Detailed study of Nunez fault and local geology northwest of Coalinga to
determine extent of fault and its history. Nine leveling lines across the
fault were remeasured (Rymer, Harms, Lienkaemper, Clark).

3. Determine age of five nested fluvial terraces of Tres Pinos Creek at
Calaveras fault, south of Hollister, California. Formation of these terraces
is related to lateral and vertical displacement along the Calaveras fault.

The investigation concentrates on detailed soil descriptions and analyses and
will yiela late Quaternary slip rates. The soils will also be useful in other
slip-rate studies nearby and in the San Francisco Bay region. T. C. Hanks and
R. E. Wallace will investigate the relation of inter-terrace scarp profiles to
scarp age at this site (J. W. Harden, K. K. Harms, S. N. Hoose, M. M. Clark).

4. Help map and photograph surface ruptures of the October 28, 1983, Borah
Peak, Idaho, earthquake (M. M. Clark).

Results

1. Our table and map of late Quaternary slip rates for faults of California,
completed in January, 1984, will appear in successively revised editions as
better data come forth and new sites are measured. Each contributor is
responsible for compiling, calculating, interpreting, and evaluating the slip
rates for all available sites within a specific geographic area of the State.
We have tried to be both informative and judgmental about each slip rate.
Where possible, we report or estimate minimum and maximum values of both slip
and age of offset features as allowed by the measurements at each site. We
then use the resulting range of values to calculate the probable range in slip
rate. In addition, each contributor makes a qualitative estimate of the
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reliability of the slip and age estimates on the basis of the data and methods
used. Although our evaluations are individual and may be somewhat arbitrary,
we believe that our informed opinions form a valuable part of the table.
Sources and comments for each site will allow users to evaluate the original
data and methods by which we or the quoted source derived the slip rates.

The resulting table lists about 150 entries showing consistent ranges of
values for a given style of faulting within structural-physiographic
provinces, but distinctly different values between some provinces and between
different styles of faults in the same province.

2. The Nunez fault, which experienced surface rupture on June 11, 1983 in
association with an aftershock of the Coalinga earthquake sequence, has an
apparent total length of 4.2 km; 3.3 km of this length ruptured in 1983. The
fault lies in Cretaceous fan deposits of the Great Valley sequence, which is
locally broken by other short (<4 km) faults subparellel to the Nunez fault.
Of interest for the history of movement along the Nunez fault is the presence
of Quaternary terrace deposits that have been vertically offset about 17 m by
movement on the Nunez fault. Age of the terrace deposit is unknown, but is
inferred to correlate with a period of increased precipitation during the late
Pleistocene.

Results from remeasurement of nine leveling lines across the Nunez fault
indicate that afterslip has added to the total vertical displacement. In the
last measurement period (July 27, 1983 to January 30, 1984) one line
experienced 26 mm of vertical offset across the fault. Earlier statements, in
Summaries of Technical Reports, volume XVII, indicated that vertical
displacement measured on the leveling lines was due to renewed rupture of the
fault by subsequent aftersnocks >M_ 5.0. However, in light of the last set
of measurements, a different process is envisioned. The good fit of all
leveling data and initial field measurements plotted on a logarithmic time
scale indicates that all offset along the fault was probably due to initial
rupture on June 11 and afterslip (with no contributions from subsequent
aftershocks). Afterslip on the Nunez fault is one of the few cases of well-
documented afterslip on a reverse fault.

3. During the late Pleistocene, Tres Pinos Creek produced at least three
distinct nested terraces, which are composed of coarse gravels intermixed with
fine sands overlain by well-sorted silts and sands. Soils developed in the
upper 2-3 m suggest the major terraces are about 10-15, 30-60, and 80-100
thousand yr B.P. in age. Offset related to the youngest terrace infers that a
major strand of the Calaveras fault has slipped at a rate of between 3 to 11
mm/yr during Holocene time. Vertical movement probably also occurred during
this time.

4. Investigations by D. J. Ponti and M. M. Clark helped establish a southern

1imit of tectonic ruptures south of Elkhorn Creek. S. K. Plymell and Clark
found and mapped diverging ruptures in Antelope Flat.
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Clark, M. M., Harms, K. K., Lienkaemper, J. J., Harwood, D. S., Lajoie, K. R.,
Matti, J. C., Perkins, J. A., Rymer, M. J., Sarna-Wojcicki, A. M., Sharp,
R. V., Sims, J. D., Tinsley, J. C., Ziony, J. I., 1984, Preliminary
slip-rate table and map of late-Quaternary faults of California: U.S.
Geological Survey Open-File Report 84-106.

Clark, M. M., Harms, K. K., Lienkaemper, J. J., and Ziony, J. I., 1984, Late-
Quaternary slip-rates for California faults [abs.]: International
Symposium on Recent Crustal Movement, February 9-14, 1984, Wellington, New
Zealand.

Clark, M. M., Harms, K. K., and Lienkaemper, J. J., 1984, Uncertainties in
slip rates |abs.]: Earthquake Notes, v. 55, in press.

Clark, M. M., Harms, K. K., Lienkaemper, J. J., and Ziony, J. I., 1984,
Slip-rate table and map of late Quaternary faults of California [abs.]:
Earthquake Notes, v. 55, in press.

Harden, J. W., 1984, Techniques and uncertainties in using soil development
for stratigraphic, geomorphic, and age analyses Labs.ﬂ: Earthquake Notes,
v. 55, in press.

Harms, K. K., Harden, J. W., Hoose, S. N., and Clark, M. M., 1984, Estimating
slip rates along the Calaveras fault, California, using soil chronology
and geometry of stream terraces abs.]: Earthquake Notes, v. 55, in press.

Lubetkin, Lester, and Clark, M. M., 1984, Inconsistent slip rates along the
Lone Pine fault, Eastern California Laps.]: Earthquake Notes, v. 55, in
press.

Rymer, M. J., 1484, Constraints on slip and age determinations for estimation
of late Quaternary activity on the Big Valley and Adobe Creek faults, Lake
County, California pabs.j: Earthquake Notes, v. 55, in press.

Rymer, M. J., Harms, K. K., Clark, M. M., and Lienkaemper, J. J., 1983,
Surface faulting associated with an aftersnock of the May 2, 1983
Coalinga, California, earthquake |abs.]: Transactions, American
Geophysical Union, v. 64, p. 748.
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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 field work conducted as part of this investigation was summarized in
Volume XVII of the Summaries of Technical Reports, December 1983.

2. Of attempts to age-date three paleostream channels located during trenching,
only one radiocarbon age, 420 - 90 years B.P., has thus far been determined.

This age is for a cobble channel that is tectonically offset approximately 20
feet. Either the creep rate Qere was considerably slower prior to 1885 than it
was since, or the age of 420 - 90 years B.P. is much too old. Although we
believe the latter to be most likely, several more charcoal samples are being
evaluated in order to clarify the discrepancy between a well determined average
creep rate of 34-35 mm/yr. since 1885 and the average value of less than iS mm/yr.
indicated after dendrochonologic corrections are made for the age of 420 - 90
years B.P.

3. Twenty (20) small charcoal samples are presently being evaluated by using the
accelerator technique. Results are expected in June, 1984. Seven (7) of these
are from the paleostream channels themselves, and thirteen (13) are from older
fan sediments into which the channels were incised.

Reports
Hall, N. T.,lgay, E. A., and Cotton, W. R., 1984, Problems in the application

of C dates to slip rate determinations of the San Andreas fault:
Seismological Society of America, Abstracts and Program.
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Seismic Hazard Investigations
in the Pacific Northwest

21861, 21862

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

I cigati

1. Operation and routine preliminary analysis of the western Washington
regional seismograph network.

2. Study of hypocenter mislocations for a regional or local seismograph net-
work due to lateral or 3-dimensional structural variations and application to
the Washington seismograph network.

3. Interpretation of Pn observations for both eastern and western Washing-
ton.

4, Development and implementation of automated processing for digital net-
work data.

5. Crustal structure determination in the vicinity of Mt. St. Helens and in
the greater Puget Sound region from earthquakes and explosions recorded digi-
tally on the local and regional networks.

6. Locations, focal mechanisms and occurrence characteristics of subcrustal
earthquakes beneath western Washington in relationship to possible active
subduction.

7. 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 Washington,
and northern Oregon continued normally. No unusual regional earthquake
activity was recorded outside of the Mt. St. Helens region. Some effort was
expended to assist in recording aftershocks from the Borah Peak earthquake of
October 28, 1983. 1In early February earthquake swarm activity at Mt. St.
Helens increased to the point of creating an eruption alert; however the
eruption was predominantly endogenous with only a small lobe being added to
the composite dome. Again in late March, a dome building episode was accom-
panied by a significant increase in small earthquake activity.
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2. A linearized travel-time prediction program for a layered structure with
superimposed 3-dimensional slowness perturbations forms the basis for study-
ing mislocation errors in structures with laterally varying velocity. Artif-
icial data were generated with the 3-dimensional structure and relocated with
a conventional layered model. Quantitative evaluation of the mislocation
errors is possible and we have demonstrated, using the Bear Valley area as an
example, that the predicted errors agree with observed errors. A preliminary
evaluation of possible 1location errors for the Puget Sound region has been
performed.

3. A joint P/S layered structure inversion program was developed to use
earthquake and explosion arrival times for providing additional constraint on
structure determination where high quality S arrivals are measured. This
method uses coupled P and S models, and makes use of an an independently
determined VPVS ratio.

4, A new algorithm for phase picking has been developed and incorporated
into an automated processing program for digital network data. Work is con-
tinuing to fully automate the network processing by providing additional
feedback between the picking and locating elements. An important aspect of
the automated processing is a quantitative and consistent estimate of phase
picking errors, presently implemented for P waves only. All procedures are
currently being run in test mode or utilized for special studies. We view
these efforts as being important in the long range to improve the quantity,
quality and consistency of network data analysis. In current work on struc-
ture inversion, for example, we are utilizing auto-picked phase data and we
believe superior results are possible in comparison to hand picked data.

5. 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 velocity) 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 lower. Digitally recorded net-
work data are being assembled and reprocessed for crust and upper mantle
structure inversion in the greater Puget Sound region. The structure inver-
sion effort is preliminary to undertaking a careful analysis of deep earth-
quake seismicity.

6. Results from the Pn analysis reinforce the. existence of significant
differences in structure between eastern and western Washington. East of the
Cascade Range, Pn velocity averages 8.18 +/- 0.02 km/sec, whereas the average
for western Washington is T7.77 4/~ 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 velo=-
city, is about 0.7 degree whereas the calculated regional dip for the west is
about 2.1 degrees in a southeasterly direction. There is thus little evi-
dence in the regional Pn data for Moho dip associated with a dipping slab
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beneath western Washington.

T. Routines for determining seismic source parameters from digital seismic
data are currently being implemented and tested. A synthetic source spectrum
is fit to the ampitude 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 process. Obtaining
and maintaining good station calibration is a major part of this effort.

Reports

Crosson, R.S., and D. Hesser, 1983, An algorithm for automated phase picking
of digital seismograms from a regional network, (abs) EOS, 64, p 775.

Univ. of Wash. Geophysics Program, 1984, Seismicity of the Washington and
Northern Oregon Cascades, October 1 through December 31, 1983, Quart.
Tech. Rept. 83-D, 10p.

Wu, S., 1983, Earthquake mislocation due to 1lateral heterogeneity: M.S.
Thesis, Univ. of Washington.

Wu, S., and R.S. Crosson, 1983, Effect of lateral heterogeneity on earthquake
locations (abs), EOS, 64, p 775.

Zervas, C., 1984, A Time-Term analysis of Pn Velocities in Washington, M.S.
Thesis, Univ. of Washington (in prep).
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Activity of the Santa Ynez Fault:
Continuation of Investigations

Contract Number: 21367
Principal Investigators: Arthur C. Darrow
Dames & Moore
812 Anacapa Street, Suite A
Santa Barbara, California 93101
(805) 963-9676
and Arthur G. Sylvester
Department of Geological Sciences
University of California
Santa Barbara, California 93106
(805) 961-3471

Investigations

1. This study is a continuation of our previous investigations (Darrow and
Sylvester, 1982) which demonstrated late Quaternary activity on the central
reach of the Santa Ynez fault. In our current study we have excavated several
trenches parallel and perpendicular to the fault (see Figure 1) in order to
assess the magnitude, direction and timing of recent slip events on the fault.

Results

Detailed examination and logging of the faulting relationships exposed
in the trenches allow the following interpretations:

1. The most recently active trace of the Santa Ynez fault offsets deposits of
the first three emergent stream terraces of the Santa Ynez River.

2. Stream deposits in the present river channel are not offset by the fault.
3. Recent movements along the fault have been dominated by left separation.
4, Evaluation of a buried stream bank in the vicinity of the fault suggests a

minimum of four meters of left separation in the latest Pleistocene and Holocene
time.

5. A comparison of the soils developed on the stream terraces at the trenching

site with well-dated terraces along the Ventura river suggests that the youngest
terrace deposits offset by the fault are mid to late Holocene in age.
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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
Menlo Park, CA 94025
415 323-8111, ext. 2065

Investigations

1. Tectonic accretion of allochthonous terranes of northern
California, including delineation of plutonic belts through use
of isotopic ages and other data, and integration of other tectonic
features.

2. Utilization of aerial photography to correlate geologic features
that were mapped along ground traverses made during the previous
report period in the Rattlesnake Creek and Hayfork terranes of the
Hyampom and Dubakella Mountain 15-minute quadrangles, southern
Klamath Mountains.

3. Relations between seismicity and crustal out-gassing of carbon
dioxide: collaboration with Ivan Barnes. Color proof for a map
showing the global spatial relations between out-gasssing of
carbon dioxide and major zones of seismicity was approved for
printing as an [-series map.

4. Paleomagnetic study of Permian and younger strata of the Eastern
Klamath terrane: collaboration with E. A, Mankinen and
C. S. Gromme.

Results

Much effort was made to determine the times of rotation of the
Klamath terranes relative to the time of their accretion to North
America. That relationship indicates whether the rotations occurred
while the terranes were parts of oceanic plates or while part of the
North American continent. The results of our studies suggest that
nearly all the rotation of the Klamath terranes had occurred by Early
Cretaceous time while the terranes were parts of oceanic plates. The
plutonic belts and other components of the terranes must originally
have been orientated much differently than now, relative to stable
North America. Based on the available data, the primitive nucleus of
the Klamath Mountains province, the Eastern Klamath terrane, was part
of a volcanic island arc that faced SW during early Paleozoic time.
Underplating of the Eastern Klamath terrane by hornblende and mica
schists of the Central Metamorphic terrane was caused by subduction of
a NE-moving plate beneath the arc during Devonian time. Deposition of
a tnick prism of flysch-like strata (Bragdon Formation) followed
during Mississippian time, with volcanism (Baird Formation) becoming
important again in Late Mississippian to Early Permian time. A
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carbonate reef (McCloud Limestone) formed along the arc during Early
Permian time and was partly contemporaneous with the Permian Dekkas
Andesite and comagmatic plutons of the McCloud plutonic belt. The arc
continued to face SW until latest Triassic or earliest Jurassic time,
and then rotated approximately 50° clockwise to face westward during
much of Early to Late Jurassic time. Volcanism and deposition
continued in the Eastern Klamath terrane during the Early and Middle
Jurassic. The Western Paleozoic and Triassic and the Western
Jurassic terranes sequentially sutured to the developing W-facing
Klamath terrane during the Middle and Late Jurassic, accompanied by
intrusion of plutons. During latest Jurassic and possibly earliest
Cretaceous time the arc rotated an additional 50° clockwise to attain
nearly its present NW-facing orientation by the time it accreted to
North America.

Reports

Irwin, W. P., 1983, Review of "Orogeny," Miyashiro, A., Aki, K., and
Sengor, A. M. C., eds., Wiley: Precambrian Research, v. 23,
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Irwin, W. P., and Thurber, H. K., 1983, Agua Tibia Primitive Area,
California, in Marsh, S. P., and others, eds., Wilderness
mineral potential: U. S. Geological Survey Professional
Paper 1300, p. 164-166.

Irwin, W. P., 1984, Preaccretion and postaccretion plutonic belts in
allochthonous terranes of the Klamath Mountains, California and
Oregon, in Howell, D. G., and others, eds., Proceedings of the
circum-Pacific terrane conference, 1983: Stanford University
Publications in the Geological Sciences, v. 18, p. 119-121.

Irwin, W. P., Mankinen, E. A., and Gromme, C. S., 1984, Paleomagnetism
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United States, convened by the U. S. Geological Survey,
1979-1980, Golden, Colorado: U. S. Geological Survey
Circular 898, p. 14-19.

Blake, M. C., Jr., Harwood, D. S., Helly, E. J., Irwin, W. P., Jayko,
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Red Bluff 100,000 quadrangle, California: U. S. Geological
Survey Open-File Map 84-105, with text, 22p.
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Ground Response Along The Wasatch Front
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) 234-5087

Investigations

The objective is to improve fundamental knowledge about how the ground
response along the Wasatch Front is effected by local and regional geology.
Response data have been acquired in the Salt Lake City, Ogden, Provo, Logan,
and Cedar City areas. Preliminary soils and shallow unconsolidated sediment
data are being correlated with the response data.

A cooperative agreement was signed with the Kansas Geological Survey.
The cooperative investigation is to develop and test shallow P- and S-wave
reflection techniques. The investigation is to take approximately 1 year at
test sites in Kansas, Denver, and the Wasatch area.

The general goals and organization were worked out for the urban hazards
investigation. A committee selected several types of seismic equipment for
future site investigations. Specifications of several seismic systems were
compared for future references.

The ground motion and urban hazard investigations in Salt Lake City were
expanded to include strong motion studies. A cooperative strong motion
program with the Utah Geological and Mineral Survey (UGMS) and the U.S.
Geological Survey (USGS) was finalized.

A seismic study has been completed with the National Park Service. The
study investigated the effects of induced seismic energy from road traffic and
construction on adobe structures and archeological ruins.

Results

1. The activities in the Wasatch area are designed to prepare data reports
and journal manuscripts. One publication is in the forthcoming Third
International Conference on Microzonation. The Wasatch data report is
complete and in CRT. A report on the results of the shallow-reflection
program will be presented at the Urban Earthquake Hazards Evaluation
Workshop.

2. All planned field equipment are under purchase contracts with delivery
dates in June and August.

3. The preliminary experiments in the shallow-reflection program are very

encouraging. A source has been developed which is low in acoustical wave
energy and high in P and S energy in the 100-300 Hz band. A type site has
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been selected, drilled, and logged. Preliminary work shows good
reflections at approximately 10 m with resolutions of 1 m or less.

4. A network of strong-motion instruments was installed in the Salt Lake City
area. The sites were selected by a cooperative effort between UGMS and
USGS scientists and were selected accordingly to type and depth of
underlying sediments.

5. Induced seismic motions were documented on adobe construction and
analyzed. Preliminary reports were made to the Federal Highway
Administration and the National Park Service.

Regorts

Hays, W. W., and King, K. W., 1982, Zoning of the earthquake ground shaking
hazard along the Wasatch fault zone, Utah [abs.]: International
Conference on Microzonation, 3d, Seattle, July 1982.

King, K. W., 1982, A study of surface and subsurface ground motion at Calico
Hills, Nevada Test Site: U.S. Geological Survey Open-File Report 82-
1044, 19 p.

King, K. W., Hays, W. W., and McDermott, P. J., 1983 [1984], Wasatch front

urban area seismic response data report: U.S. Geological Survey Open-
File Report 83-452, 70 p. [in press].
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Coastal Tectonics, Western U.S.
9910-01623

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

Investigations

1. The objectives of this project are to determine patterns and rates of
Quaternary crustal deformation and ground response in the coastal area of the
western United States by mapping and dating marine terraces and associated
marine and alluvial deposits, and evaluating geotechnical data from marine and

alluvial deposits in deep sedimentary basins.

Project personnel are Dan Ponti, Scott Mathieson and Patricia McCrory.

Results

1. Matt Hageman (student supported by Project) mapped marine terrace at the
mouth of Whale Gulch in northern California. Logs from basal alluvial
deposits on wave-cut platform yield 14C dates of 42, 45 and >57 ka B.P.

The >57 ka indicates the underlying marine terrace is 60 ka or older. This
terrace and its overlying deposits are similar to the terrace and deposits at
Shelter cove about 7 km to the NW that were previously dated at 45 ka B.P.;
the date from Whale Gulch implies that the date at Shelter Cove is incorrect.
Also, a possible strand of the San Andreas fault was previously mapped in
Whale @ulich. If this bedrock shear zone is a strand of the San Andreas fault,
it has not moved in the past 60 ka because the overlying terrace deposits are

not offset.

2. Pat McCrory is studying the Quaternary tectonic history of the southern
Eel River sedimentary Basin north of Cape Mendocino in northern California by
reconstructing basin depths using microfossils and mapping emergent terraces.
The pattern of terrace deformation does not reflect the northward migration of

the Mendocino triple junction,

3. A strand of the Newport-Inglewood fault exposed in trenches on the
Huntington Beach Mesa (Woodward-Clyde Consultants) in southern California
offset marine deposits we estimate to be 120 ka B.P. The marine deposits that
cap this and adjacent Mesas correlated with the Palos Verdes sand on the first
emergent terrace on the Palos Verdes Hills to the north, Deformation of this
young marine aeposit records the complex crustal movements (folding and
faulting) in the Newport-Inglewood fault zone in the southern Los Angeles

Basin over the past 120 ka.
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4. Scott Mathieson and Dan Ponti assembled and began running an amino-acid
laboratory to date marine shells along the west coast of the United States.
Ponti is analyzing surface and subsurface fossil shells from marine deposits
straddling the Palos Verdes fault and the Newport-Inglewood fault zone in the
southern Los Angeles Basin to determine rates of fault displacement in this
densely populated area. Initial results indicate that faulted marine deposits
previously thought to be Palos Verdes Sand (120 ka B.P.) may be the uppermost
San Pedro Sand (~20U ka B.P.?). If this correlation is correct, the
warm-temperature aspect of the fossil faunas in Palos Verdes Sand may not be
stratigraphically diagnostic, as previously believed.

5. Lajoie assembled slip rate data for coastal faults that were incorporated
into a statewide compilation supervised by Malcolm Clark. Horizontal slip
rates are difficult to establish because few datable topographic or
stratigraphic features cross faults at high angles. Vertical separations
across numerous faults are easier to establish, but these data may have little
or no value in determining slip rates.

6. Lajoie and Mathieson compiled data on coastal erosion in San Mateo County
caused by heavy storms in January, 1983. The most severe erosion occurred on
the north sides of promontories where little or no erosion had occurred in the
past several decades. The slope failure that closed State Highway 1 at Devils
Slide was caused primarily by groundwater infiltration, not by wave erosion at
the toe of the slope.

/. Attended Recent Crustal Movements Symposium in Wellington, New Zealand.

A. With K. Berryman, A. Hull (New Zealand Geological Survey) and Y. Ota
(Yokohama National University) visited numerous coastal sites on North Island
to observe emergent Holocene terraces. A major problem is to differentiate
petween terraces produced by coseismic uplift events and storms. No concrete
method has been devised to make this distinction, and no diagnostic test could
be proposed. However, it appears that storm events are best preserved as
beach ridges in embayments, and uplift events are best expressed as distinct
terraces along open coastlines. However, beach ridges that record coseismic
uplift events can form on open coasts, and even on exposed rocky headlands
where wave erosion cannot cut a terrace. Here, the beach ridges (storm berms)
form above the high tide line after the uplift event. Therefore, the oldest
14C dates from such a berm date the preceding uplift event, and the youngest
dates the uplift event that stranded the berm above the surf zone.
Unfortunately, datable material is seldom found in storm berms, so there is
little hope in radiometrically dating uplift events they record.

B. Coverbed stratigraphy (primarily tephrachronology) plays an extremely
important role in dating Pleistocene emergent marine terraces on North
Island. The lack of tephra beds on marine terraces along the California coast
is compensated for by the presence of datable marine fossils.
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8. The rates of vertical crustal deformation is generally closely associated
with the geologic processes producing that deformation. Along the central
California coast, lateral tectonics dominate, and uplift rates are generally
low (~0.3 m/ka). Here, uplift is probably related to regional mountain
building processes, which include crustal thickening due to lateral
compression. On local structures (folds and fault blocks) orthogonal to the
direction of maximum crustal shortening, uplift rates may be very high

(5-15 m/ka). The Ventura Avenue anticline is an example of a rapidly forming
structure in an area of intense crustal shortening; Middleton in the Gulf of
Alaska is another. In both areas, uplift rates are about 10 m/ka. These
rates may be close to the upper limit of purely tectonic uplift. Intermediate,
both in scale and rates of uplift, between these two processes are vertical
crustal movements associated with directional changes in major structural
patterns of elements, for example, the Mendocino triple junction in northern
California and the big bend in the San Andreas fault in southern California.
Rapid, short-term (episodic) and reversible regional vertical crustal
movements (Palmdale Bulge) are associated with the Big Bend, but this sort of
activity has not yet been detected in northern California. However, a narrow
zone of rapid vertical structural movement, which includes the Ventura Avenue
anticline, coincides with the southern boundary of the Palmdale Bulge, and
emergent Holocene terraces record subregional uplift rates of 4.0 m/ka just
south of the Mendocino triple junction. Uplift rates along the convergent
subducting coastlines of Oregon and Washington vary from intermediate (3.0
m/ka) to low (0.0 m/ka). Landward tilt of emergent marine terraces locally in
this area probably reflects the subduction process. In all the tectonic
regimes outlined above, it is still not clear if vertical deformation takes
place gradually or episodically, as by coseismic uplift; both processes may
take place in different areas at the same time or at the same place at
different times. The rapid, short-term vertical movements, such as those
associated with the Palmdale Bulge, may be better indicators of long-term
trends than of imminent seismicity. The most rapid vertical crustal movements
recorded are those associated with volcanic edifices, for example, Iwo Jima
Island, which has been rising at 10-20 cm/yr for 400 years (data of Kaizuka).
It is not clear if the island has been rising episodically (the volcano is
terraced) or gradually (the terraces may have been produced by storms), but it
is clear that rapid vertical movements, which may be related to thermal
expansion and contraction or other volcanic processes, are not necessarily
indicators of imminent eruption. A major task in both the tectonic and
volcanic problems is to recognize those vertical movements that are
premonitory signals.

Reports

Lajoie, K. R., and Mathieson, S. A. (in press), Coastal erosion and hazards,
San Mateo County, California, in Coastal erosion in California, ed. by
G. Griggs: Orin Pilkey, publisher,

Lajoie, K. R., Sarna-Wojcicki, A. M., Kennedy, G. M., Mathieson, S. A.,
McCrory, P. A., 1983, Late Quaternary coastal tectonics of the Pacific
Coast of the United States [abs.]: EOS. v. 64, no 45, p. 854,
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Magnetostratigraphy and Paleomagnetism of the Saugus
Formation, Los Angeles County, California
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Shaul Levi, Principal Investigator
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College of Oceanography
Oregon State University
Corvallis, Oregon 97331
(503) 754-2912

The Saugus Formation is widely exposed in the East Ventura Basin
in areas undergoing rapid urbanization north and west of Los Angeles
(Figure 1). 1In the area of our study near Castaic Junction the
Plio-Pleistocene Saugus Formation consists of nonmarine conglomer-
ates, sandstones, silty sandstones, and sandy-siltstones.

The primary objective of our paleomagnetic investigation has
been to identify dated magnetozones and geomagnetic reversal
boundaries to more accurately date the Saugus sediments in this area.
This would enable one to make correlations with other age calibrated
sections of Saugus nearer to the Pacific coast and to determine
average sedimentation rates and possibly detect changes of deposition
with time. Furthermore, the magnetostratigraphy and paleomagnetism
data could be used to estimate the rotation, tilting and translation
of the Saugus, associated with major faulting and the tectonic
activities in this region.

To establish a reference magnetostratigraphic section we sampled
along the transmission line (TL) and the Santa Clara River (SCR) in
the Castic Junction oil field just north of Pico Canyon (Figure 2).
The TL section consists of well exposed unfaulted homoclinal
sedimentary beds dipping about 50° to the north-northeast. The SCR
section exposes yet younger beds of the Saugus Formation which dip
more gently (20°-30°) to the northeast, and correlations between the
TL and SCR sections are relatively unambiguous (Winterer and Durham,
1962; Figure 2).

Sites were selected at interbeds of the finer-grained sediments
(siltstone, sandy siltstone, and silty sandstone), which are
typically between 0.5 and 5 m thick. At each site three
independently oriented hand samples were obtained. 1In the laboratory
we cut two specimens from each hand sample, and at least two
specimens from each site were demagnetized in progressively
increasing alternating fields (AF), up to between 400 and 1000
Oersted, to isolate the primary remanence and to determine the
blanket alternating fields for demagnetizing the remaining specimens
at each site. At least four blanket AF levels were used for each
specimen of every site. Figure 3 shows the behavior of two specimens
during progressive AF demagnetization. The directions of both normal
and reversely magnetized specimens are well clustered, suggesting
that both contain only minor components of secondary remanence. The
initial increase of the normalized intensity curve of the reversely
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polarized specimen is commonly observed and is consistent with the
overprinting influence of the present-day normal field. Figure 4
shows the stable directions (after AF demagnetization to 300 Oe) of
all six specimens from two sites before and after bedding correction.
The fact that the mean site directions prior to bedding corrections
are clearly distinct from the mean Quaternary and the present field
supports the interpretation that the stable direction predates
folding.

Paleomagnetic directions were calculated when appropriate and
the data were analyzed in two ways: (1) Each specimen was assigned
equal weight; this usually resulted in data from two specimens per
oriented sample and six specimens per site. (2) We combined the data
of specimens from each oriented sample; thereby halving the number of
independent vectors (N). The two methods yielded essentially
identical directions. In most cases estimates for the precision
parameter (k) increased significantly or hardly changed when N was
halved; however, the radius of the 95 percent cone of confidence
(ay-) usually increased or remained the same when N decreased. A
toggl of 64 sites were sampled, of which 57 yielded polarity
information, and 36 sites were suitable for obtaining the
paleomagnetic direction.

The sampled sections are predominantly of reversed polarity
containing dispersed normal beds, and capped by a sequence of normal
polarity. An ash layer in the upper normal zone of the TL section is
chemically very similar to the ~0.7 MY Bishop and Friant ashes
(analysis by Sarna-Wojcicki, 1983). The chemistry of the ash bed
together with the biostratigraphically determined Plio-Pleistocene
age suggest that the Saugus in our sampling area was deposited during
the Matuyama (reversed) and lower Brunhes (normal) epochs, and its
bottom age is younger than 2.5 MY (Figure 5). '

Site SCS 25 of the Santa Clara River section and site TL 54 of
the transmission line section represent periods of normal polarity in
the Matuyama epoch. These sites are shown stratigraphically
in Figure 5, and they represent the deepest (oldest) normal polarity
sites in their respective sections. If the normal site in the SCR
section is assumed to belong to the Jaramillo event, then the
resulting sedimentation rate between site SCS 25 and the
Brunhes/Matuyama boundary is about 0.8 km/MY. Similarly, if the
volcanic ash is assigned a 0.7 MY age and site TL 54 to the Olduvai
event, the average sedimentation rate is 0.9 km/MY. The similarity
in the average sedimentation rates of the SCR and TL sections lends
some confidence to the otherwise rather arbitrary assignments of
sites TL 54 and SCS 25 to the Olduvai and Jaramillo events,
respectively. Furthermore, it is inferred from subsurface well data
that the upper approximately 300 m of Saugus are covered by younger
deposits in the study area and are unavailable for sampling. Hence,
based on 0.9 km/MY sedimentation rate, the youngest Saugus was
deposited about 0.1 to 0.2 MYBP (million years before present). The
magnetostratigraphic data suggest that the Saugus in the TL section
was folded during the past 1 MY with average tilting between
50°-60°/MY. In the SCR section the average rate of tilting is
greater than 30°/MY during the past million years.
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The mean paleomagnetic direction (inverted to normal polarity)
of the Matuyama sites of both TL and SCR sections is D=20°, I=57°,
k=54, a,-=U4°, N=27. The mean direction of the Brunhes sites of both
TL and géR sections is D=15°, I=49°, K=130, a,.=5, N=9 (Figure 6).
The observed average inclination is not signi??cantly different from
that of the geocentric axial dipole of 54°. Hence, there is no
evidence for north-south translation of the sampling location. The
measured declination, however, indicates progressive clockwise
rotation of the study area by about 30° since sometime in the
Matuyama epoch (t < 2.5 MY).

References
Winterer, E.L. and Durham, D.L., 1962. Geology of southeastern

Ventura basin, Los Angeles County, California. U.S. Geological
Survey Prof. Paper 334-H, p. 275-366.
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Figure 1. Location of Saugus outcrops in the east Ventura basin.

The rectangles enclose regions where detailed magnetostratigrpahic
studies are planned. (SC = Santa Clara River section; TL = trans-
mission line section; MS = Merrick syncline). Adapted from "Geologic
Map of the San Gabriel Mountains, California:, 1:250,000, by W. G.
Bruer, California Division of Mines and Geology Bull. 196, 1975.
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Figure 2. Geologic map of Castaic Junction/Pico Canyon area, showing
the transmission line and Santa Clara River sections. Redrawn from
"Geologic Map of part of the Ventura Basin, Los Angeles County,
California:, 1:24,000, Winterer and Durham, 1962. Closed circles
represent paleomagnetic sites.
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Figure 3. Behavior of the remanence vectors during progressive AF
demagnetization of two specimens from a normal and a reversed site of

the Santa Clara River Section. Closed (open) circles designate lower
(upper) hemisphere inclinations.
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Figure 4., Stable remanence directions (after 300 Oe 'cleaning') of
all specimens from sites S-5 and S-6 of the Santa Clara River Section
before and after corrections for bedding attitudes: Closed (open)
circles designate lower (upper) hemisphere inclinations. Squares
represent the expected average remanence directions of the geocentric

axial dipole.
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Figure 5. Magnetostratigraphy of the transmission line (TL) and
Santa Clara River (SCR) sections and magnetic polarity time scale of
Mankinen and Dalrymple (1979). Circles alongside the two strati-
graphic columns indicate sampling sites of questionable (indetermi-
nate) polarity.
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Figure 6. Paleomagnetic directions of Saugus sites. Closed/open
symbols designate lower/upper hemisphere vectors. The two open
symbols with central dots indicate normal Matuyama sites which were
inverted through the origin to distinguish them from Brunhes data.
Arrows along the circumference indicate the mean declination for
Matuyama (30°) and Brunhes (15°) sites.
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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 (e¢) 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 are in the final stage of a liquefaction
evaluation for the San Bernardino Valley. (1) Mapping of surficial materials
for the Valley is complete, including reconnaissance studies of pedogenic soil
profiles; (2) we have adopted a method for evaluating regional liquefaction
susceptibility that incorporates site-specific techniques developed by
H. Boulton Seed (UC, Berkeley) and his colleagues as well as regional
techniques developed by T. L. Youd (USGS, Menlo Park) and his colleagues;

(3) we have written an interactive computer program which utilizes our
geotechnical and geological data base to identify areas of greater or lesser
susceptibility to liquefaction, and which assesses the degree of
susceptibility in terms of factors of safety; (4) Our preliminary calculations
suggest that where ground water is shallow, many sites in the San Bernardino
Valley are underlain by unconsolidated sediments that can become liquefiable
under specific ground-shaking caused by earthquakes on the San Andreas
(M=8.0), San Jacinto (M=7.0), and Cucamonga (M=6.75) faults.

2. J. C. Matti and J. W. Harden initiated a slip-rate study of the San
Andreas fault in the vicinity of Yucaipa. Stratigraphic and geomorphic
relations within this segment of the fault zone suggest that (1) the history
of late Quaternary faulting along this reach of the San Andreas has been more
complicated then further to the northwest in the vicinity of San Bernardino
and Cajon Pass, and (2) the rate of late Quaternary slip in the vicinity of
Yucaipa may be significantly less than the 25 mm/year documented in the Cajon
Pass region. As discussed in our previous technical report (v. XVII), some
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alluvial fans in the Yucaipa district that have been displaced by the San
Andreas fault have recognizeable source areas that may allow us to reconstruct
the amount of right-lateral offset on various strands of the fault since
deposition of the fans. We presently are evaluating soil-profile and clast-
type data obtained from backhoe pits excavated on four different alluvial

terraces. Preliminary results suggest that the late Quaternary slip rate is
less the 25 mm/year.

Reports

Clark, M. M., Harms, K. K., Lienkaemper, J., Harwood, D. S., Lajoie, K. R.,
Matti, J. C., Perkins, J. A., Rymer, M. J., Sarna-Wojeicki, A. M., Sharp,
R. V., Sims, J. D., Tinsley III, J. S., Ziony, J. I., Preliminary slip-
rate table and map of Late-Quaternary faults of California: U.S.
Geological Survey Open-File Report 84-106.
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(303) 234-5087

Investigations

1.

2.

3.

4.

Processing and interpretation of seismic-reflection data recorded on the
R/V Neecho on the Mississippi River.

Interpretation of 200 miles of conventional seismic-reflection profile
data.

Quantitative geomorphic study of streams in the southeastern part of the
Ozark uplift.

Analysis of Tevel line data.

Results

1.

Initial processing of the Mississippi River reflection data is complete,
and interpretation of the first part of it for publication in the U.S.
Geological Survey Miscellaneous Field Studies series is complete.

Preliminary correlations of the principal reflections on the record
sections of the conventional reflection profile data were made. Utilizing
those correlations and other signatures in the data a map of a highly
disrupted zone was made. The disrupted zone correlates very closely with
the distribution of seismicity in part of the New Madrid seismic zone and
presumably is genetically related to the seismicity.

Interpretation of 70 stream profiles and data derived from the profiles is
not complete but some tentative conclusions are as follows.

(a) Streams on the Salem Plateau commonly have steeper gradients and are
less concave than streams draining from the Boston Mountains and
Ouachita physiographic provinces even though the Salem Plateau has
lower elevation and less relief than the latter provinces.

(b) The size of material in stream bottoms controls stream gradients much
more than the kind of rock being eroded by a stream. This observation
is in general agreement with other studies of stream gradients and
with some theories of erosion.

(c) Meandering parts of streams, particularly on the Salem Plateau,
commonly have steepest gradients, which is contradictory to most
observations and theory of the meandering process. This could mean
gradients have continued to increase since the meanders first
developed, which was probably during the Tertiary Period.
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(d) Streams draining the Salem Plateau enter the Mississippi embayment
lowlands at a much higher elevation relative to Pleistocene base level
than streams draining the Boston Mountains and Quachita provinces.
This suggests that the Salem Plateau has not been eroded as deeply as
the other provinces and has been uplifted more recently to account for
the steeper gradients of the Plateau streams.

Consideration of a number of the quantitative measures of stream profiles
suggests that the Salem Plateau may be rising relative to surrounding areas
since the Tertiary Period. Many variables must still be considered, however,
before quantitative differences in the stream profile data can be related to
tectonic activity with some confidence.

4. Analyses of level line data resulted in identification of anomalous
displacements along two level lines. One anomaly is conformable with the
geologic evidence of the Lake County uplift in western Tennessee. The
other anomaly is across the northern part of the Viburnum mineralized zone
in the Ozark Mountains of central Missouri. It is unlikely that the
Missouri anomaly is related to the mineralization. A tentative
explanation is that the anomaly is related to solution of carbonate rocks.
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Reno, NV 89557-0018
(702) 784-4975

Investigations

This program supports continued studies with research focused on: (1)
seismicity and focal mechanisms associated with magma injection in Long Valley
caldcra; (2) gcomctry of magma bodics in Long Vallcy caldcra; (3) stress
changes associated with systematic changes in focal mechanism with depth in
the Great Basin; (4) premonitory seismicity patterns preceding the 1980 Mam-
moth Lakes earthquakes; (5) precise relocation of the May 1980 Mammoth Lakes
varthquake sequence. Progress in selecled areas of Lhis program is described
below.

Results

A. Location of Magma Bodies in the western Creat Basin

Detailed investigations of the anomalous seismic signals caused by magma
bodies within Long Valley caldera have been published by Sanders (1984) and
Sanders and Ryall (1983). The primary discriminant for paths through magma
appears to be anomalously low (2-3 Hz) signal frequencies combined with the
lack of an S-wave. Signals with anomalous characteristics are also observed for
some earthquakes in the crustal block south of the caldera, recorded at stations
to the east and northeast, indicating that magma may be present at least 10-12
km south of the caldera. The size of the attenuating bodies is of the order of a
few kilometers and they appear to be located in a zone trending NW-SE. Epi-
center maps and cross-sections for the Mammoth Lakes earthquake sequence
indicate that the attenuating bodies are located in areas that have been ase-
ismic during the 1979-1983 period. Another well-defined magma body is located
northwest of Boundary Peak, at the north end of the White Mountains and about
50 km east of Long Valley caldera. Taken together these observations suggest
that magma injection in the shallow crust may be a common feature of lithos-
pheric extension in the western Great Basin.

B. Relocations of the 1980 Mammoth Lakes earthquake sequence

A recently completed Master's thesis by C.S. Lide has given new insight into
the the 1980 earthquake sequence. Lide (1984) used a simplified location pro-
gram thal uses a half-space velocily model and perfocms Geiger's inversion but
without any data weighting. The program also calculates ray paths considering
station elevations, to account for the rugged topography of the Sierra Nevada. It
appears that these modifications have reduced location scatter due to instabili-
ties introduced by the large number of uncontrollable parameters in the loca-
tion program HYPO71, which was previously used. Lide derived the average cru-
stal velocity from explosion data, chose a well-controlled earthquake for a mas-
ter event and located all of his data relative to it. The most striking features of
his locations (Figure 1) are two parallel zones of aftershocks that strike N20°E
and dip vertically. These features are in agreement with the vertical strike-slip
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focal mechansims derived from short-period first-motion data for the three larg-
est shocks (M, > 8). However, they are at odds with the CLVD model currently
adhered to by USGS scientists. These locations also indicate that the tectonic
process was quite complex as many of the earthquakes occurred on other struc-
tural trends that are discussed in detail by Lide and Ryall (1984).
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Figure 1.

Fault map of the Long Valley caldera showing 352 precisely located
aftershocks (x’s) that occurred from May 28 to July 31, 1980. The
town of Mammoth Lakes is in the SW corner of the caldera and Lake
Crowley lies astraddle the southeast margin of the caldera. From
Lide (1984).
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Salton Trough Tectonics and Quaternary Faulting
9910-01292
Robert V. Sharp
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2596

Investigations

1. Monitoring near-field vertical deformation on the northern Imperial fault,
Imperial Valley, California.

2. Post-seismic vertical deformation across the Lost River fault after the
October 28, 1983 Idaho earthquake.

3. Trenching study of the Imperial fault, Imperial Valley, California.

Results

1. Vertical deformation of the ground surface along Harris Road since the
1979 Imperial Valley earthquake has generally slowed, but the profiles
have usually indicated a concentration of slip (vertical component) in the
uppermost 100 meters of the fault, according to elastic dislocation model-
ing. Between October and November 1983, a relatively large deformation
event took place that was not associated with surface rupture; its defor-
mation profile indicates subsurface dip slip of about 8 mm on the fault at
depths between 130 m and 650 m. The form of the deformation profile also
indicates an eastward steepening of dip of the fault to about 60 degrees
for this slip depth. The rate of tilting of the ground surface near the
fault between October and November 1983 was about 70 percent of that ob-
served during the maximum tilting period observed between 9 and 6 months
before the 1979 earthquake.

2, A 2.2 km-Tong leveling line was constructed and releveled across the Lost
River fault rupture at Willow Creek-Double Spring Pass Road during the
first week of November. A 250 m Tine was also installed at Arentson
Gulch. Releveling of both lines indicated no significant increase in
surface displacement at the fault trace for this period of time, but tilt-
ing of the lines suggested postseismic subsurface movement deeper than the
length of our longest line on the downthrown side of the fault (1.44 km).

3. A new series of trenches on the Imperial fault have been cut at Heber
Beach in order to search for a record of horizontal displacements older
than 2500 years and to determine whether the slip history for a possibly
creeping section of the fault is demonstrably different than that of the
locked segment of the fault at the U.S.-Mexico border.

Reports

Clark, M. M., Harms, K. K., Lienkaemper, J. J., Harwood, D. S., Lajoie, K. R.,
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R. V., Tinsley, J. C., and Ziony, J. I., 1984, Preliminary map and table
of slip-rate compilation for late Quaternary faults in California:
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125



Late Holocene Behavior
San Andreas Fault
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Kerry Sieh
Division of Geological and Planetary Sciences 170-25
California Institute of Technology
Pasadena, CA 91125
(818) 356-6115

During the past six months, our work under this contrast has progressed on two
fronts. I and several others have studied excavations across the San Andreas fault at
Indio, and Ray Weldon has been working on the ages of and relationships between the late
Cenozoic sediments in the Cajon Pass region and integrating the results of this past 5
years of work in this area.

At the Indio site we are uncovering a fascinating late Holocene record of fault
slippage. I expect this record will eventually yield dates and lateral offsets of pre-
historic great earthquakes as detailed as the record at Pallett Creek. We have now
nearly completed study of 2 of the four fault strands in the 50-m-wide fault zone. Both
strands have slipped at least 3 times since 1400 A.D. Strike slip since 1700 A.D. has been
3 cm on one and 1 m on the other. Strike slip during an event in the late 17th century
was 12 cm on one and 1.7 m on the other. Strike slip during an event in the 15th or 16th
century was about 60 cm on one and an unknown, but large, amount on the other. I
expect to resume work at this site in January 1985 and complete it by May of that year.

Ray Weldon is now wrapping up his Ph.D. work in the Cajon Pass region. Detailed
mapping, coupled with new age determinations based on fossils, paleomagnetic
stratigraphy, radiocarbon dates, and soils analyses, have led to a better understanding of
the late Cenozoic stratigraphy and tectonics.

The type Crowder formation has been shown to be middle to late Miocene,
overlapping in age with the Cajon Punchbow!l sediments that were thought to underlie
it. The sediments overlying the Punchbowl (and several major faults) have been shown to
be Plio-Pleistocene in age and have been designated the Phelan Fm. The Phelan Fm
overlies two early traces of the San Andreas system and records the onset of
compressional tectonics associated with the San Andreas in the area about 4 million
years ago. The Squaw Peak and Cajon Valley faults are proposed to be early traces of
the San Andreas system and must have accumulated tens of kilometers of offset between
9 and 4 m.y. ago. The establishment of absolute age control in the Pleistocene Harold,
Shoemaker Gravels, and Noble's Old Alluvium in Cajon Pass allows an estimate of the slip
rate on the San Andreas system since the middle Pleistocene of about 3 to 4 cm/yr.
More work is necessary to confirm the tentative age assignments and to better define the
sources of these units across the San Andreas system. The proposed ages and matches
are summarized on Figure 1.

Work on the late Pleistocene and Holocene history has centered on integrating and
publishing earlier work on the slip rate and recurrence interval for the San Andreas fault,
quantifying the stratigraphy with new radiocarbon samples, and developing a soils
chronosequence with Les McFadden at the University of New Mexico. A paper on the
slip rate and recurrence interval for the San Andreas fault has been submitted to the
GSA Bulletin and is currently being revised. The slip rate has been tightly constrained to
24.5 + 3.5 mm/yr and can be shown to be constant for the past 15,000 years (Figure 2).
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Quaternary Framework for Earthquake Studies
Los Angeles, California

9540-01611

John C. Tinsley
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, California 94025
(415) 323-8111, x 2037

Investigations

1. Continued reviewing, preparing, and revising drafts of chapters for
inclusion in the U.S. Geological Survey's forthcoming Professional Paper
"Evaluating earthquake hazards in the Los Angeles region - an earth
science perspective". (J. Tinsley)

2. Continued loading geotechnical data into the USGS VAX/computer (S. Wert,
J. Tinsley, D. Ponti).

3. Visited the Nevada Test Site and inspected trenching operations
investigating the Rock Valley Fault.

Results
1. Drafts of chapters are at the peer review stage of preparation.

2. Data base compilation is 90% complete in the Burbank and Van Nuys 7.5'
quadrangles. Dan Ponti has completed a software package that permits us
to check the digitized locations of boreholes and other data against
selected hard-copy hand-plotted locations. We anticipate being fully able
to manipulate the data base by early summer, 1984,

3. The inspection of the trench-logging operations proceeded smoothly and
state-of-the-art logging techniques are being employed by USGS personnel
studying the Rock Valley Fault.

Reports

Ponti, D. J. and Tinsley, J. C., 1984, Inherent uncertainties in Quaternary
dating methods and slip-rate evaluations: Seismological Society of
America, Abstracts with programs, (Anchorage, Alaska).

Rogers, A. M., Tinsley, J. C. and Borcherdt, R. D., 1984, Geographic variation
in ground shaking as a function of changes in near-surface properties and
geologic structure near Los Angeles, California: Proceedings of the 8th
World Conference on Earthquake Engineering, San Francisco, California
(Director's Approval, 1/84).
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TECTONIC TILT MEASUREMENTS USING LAKE LEVELS: ALASKA
4-9950-02396

Kirk R. Vincent and Spencer H. Wood
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Mailing address: Boise State University
Boise, Idaho 83725
(208) 386-3629

Investigations

Measurements of land-surface tilt, made using water-level records of
Kenai Lake in Alaska, are continuing to be evaluated as more data becomes
available. During field work, water levels are recorded simultaneously at an
array of stations (U77, BM1,Y1l) on the lake. These records are surveyed into
local bedrock reference points using precise level and rod. For periods of
calm lake conditions; simultaneous water levels are taken from the charts, and
the difference in relative evaluation of reference points at each pair of
sites calculated. A change in elevation difference through time is inter-
preted as tilting of the land-surface, or the result of erroneous data col-
lected when the lake surface was temporarily inclined, during flood or by wind
tides. Other errors include unstable reference points, surveying mistakes and
vertical shifting of water-level recorder and stilling well.

This type of field data nows spans 19 years, with the first value ob-
tained in 1964, three and a half months after the March 27th earthquake. A
value was also obtained in 1966. Since our involvement with the project in
1979, several elevation difference values for each of four field seasons have
been collected. In addition, a new source of data has been discovered in the
form of once-daily lake level measurements made at two points on the lake by
other agencies. The Chugach Electric Association measures the lake level at
the tail race of the Kenai Lake Power Plant (KLPP) for their own purposes.
The water resources division of the USGS operates a stream gaging station near
Cooper Landing (USGS) on the reach where lake water flows out and down the
Kenai River. The period of simultaneous record starts in mid 1963 and con-
tinues to the present. We have in hand all available data.

Results

The elevation difference values collected in the field indicate signi-
ficant tectonic tilting across Kenai Lake since the 1964 earthquake (figure
3). Regression lines fit to all of the values yields the following: During
the period 1964 through 1983 tilting has occurred over a pivotal axis oriented
N. 23° E., at a mean rate of .61 micro-radians per years (a 20-year total of
12.12 micro-radians) and down to the southeast. For geometric reasons the
equation of change in elevation difference for the three sets of sites must be
true - a(U77-BM1) + a(Y11-BM1) = a(U77-Y11). The measured values of 29.41 +
5.49 = 34,90 cm, which differs from the measured value for a(U77-Y1l1) of 35.17
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cm by only 2.7 mm. This is remarkable considering the distance between U77
and Y1l is about 29.6 kilometers, and lends credence to the lake Tlevel
technique.

The rate of tilt across the lake however, does not seem to have been
constant, instead, it appears to have diminished through time. This 1is sug-
gested by calculations, based on regression lines fit through all values with-
in the period 1979 through 1983, which yielded a 5-year mean tilt rate of .316
micro-radians per year ?a total of 1.58 micro-radians). The geometric equa-
tion of change in elevation differences for this period is 3.78 + 0.21 = 3.99
cm, which differs from the measuring value for a(U77-Y1l) of 4.63 cm by 6.4
mm. If the change of tilt rate through time is linear (figure 4), tilting
Just after the earthquake was on the order of one micro-radian per year.

1964 elevation difference values for KLPP and USGS sites are shown in
figure 2. As a first approximation, all available difference values within a
month were averaged, and plus and minus one standard deviation are shown as
bars. These elevation difference values show a scatter of about 30 cm and are
much more than an order of magnitude less precise then those mentioned above.
Apparently the earthquake damaged the original stage reference as Water
Resources moved the site within a few weeks of the earthquake. Unfortunately,
they did not, or could not, precisely reference the old gage datum to the new
gage datum. Hence, the values preceding the earthquake might be as much as 5
cm higher or lower on the graph. Although unclear in this figure, 1975 data
(not shown) exhibit a strong relationship with lake level. Presumably water
pours out of the lake with a different slope for high lake levels compared to
that for low levels. During the winter the lake is low, freezes over and does
not fluctuate much. Winter data may be the most reliable. The exceptionally
high values during June and July of 1975 may be the result of aggradation or
degradation of the river channel below the gaging station which could alter
the river slope.
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Geothermal Seismotectonic Studies
9930-02097

Craig S. Weaver
Branch of Seismology
U. S. Geological Survey
Geophysics Program AK-50
University of Washington
Seattle, Washington 98195
(208) 442-0627

Investigations

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

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

3. Test the hypothesis: An area of crustal spreading exists in southwestern
Washington between the St. Helens seismic zone to the northeast and a still
poorly defined seismic zone that probably parallels the Portland Hills to the
southwest. Both zones strike north-northeast, and are offset by about 40 km.
The proposed opening is in a west-to-northwest direction. {(Weaver, UW con-
tract).

4. Continued seismic monitoring of the Mount St. Helens area, including Spirit
Lake (where the stability of the debris dam formed on May 18, 1980 is an issue)
and Elk Lake (where seismicity remains at elevated levels an elevated level 30
months after the February 14, 1981 earthquake). (Weaver, Grant, UW contract)

5. Relocation of the 1962 Portland, Oregon earthquake (ML=5.5) and several
earthquakes between 1958-1962 that occurred near Swift Reservoir (the largest
event has an M;=5.1). The events near Swift Reservoir were probably on the
southern segment of the SHZ. (Grant, Weaver)

Results

1. Relocation of earthquakes in the greater Mount St. Helens area shows that a
single fault zone, at least 20 km in length, may exist between the Elk Lake area
and Mount St. Helens (Figure 1). In cross-sectional view, perpéndicular to the
nearly north-south strike of the fault, earthquakes from the Elk Lake aftershock
zone plot directly on the deeper earthquakes {depths > 4 km) beneath Mount St.
Helens (Figure 2). Previous work had suggested that the St. Helens seismic zone
(of which the Elk Lake-Mount St. Helens zone is a part) might consist of shorter
fault segments, with lengths similar to that observed from the Elk Lake aft-
ershock sequence (5-10 km).

2. A re-analysis of teleseismic P-wave travel time residuals has been completed,

giving more detailed resolution of upper mantle structure than earlier work.
The results of a three-dimensional inversion resolves an east-dipping, N to NNW
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striking, high-velocity zone, that is interpreted as the subducted Juan de Fuca
plate. The high-velocity zone is characterized by 4-7% higher velocities than in
the surrounding upper mantle. Although the shallow velocity structure is not
well resolved from the inversion, from 50 to 250-300 km depth, the plate dips at
a 40-45° angle beneath the Washington Cascade Range north of Mount Rainier.
The plate plunges at a steeper (B0-70°) angle beneath the Cascade Range in
southern Washington and northern Oregon from 50 to 200 km depth {(an example
is shown in Figure 3). The structural transition from a shallow dipping plate in
the north to a steeply dipping plate in the south, is proposed as a boundary
between segments of the subducted Juan de Fuca plate. Major changes in the
regional seismic activity and voleanism correlate with the surficial expression of
this boundary, and may be a result of changes in the plate dip.

3. Earthquake focal mechanisms in the crust of the North American plate in
northwestern Washington have previously been characterized by a bi-modal dis-
tribution of P-axis orientations: one group has nearly N-S and nearly horizontal
P-axes, the second, smaller group exhibits a great deal of scatter in P-axis
azimuths. Thus, the majority of P-axes in the crust of the Puget Sound region
are not aligned in the direction of convergence between the Juan de Fuca and
North American plates {northeast). These observations have lead to the sugges-
tion that the subduction interface between the Juan de Fuca and North Ameri-
can plates might be unlocked, thus lessening the possibility of a great thrust
earthquake on the interface. These observations have been compared with
other Pacific rim subduction zones, known to have generated large magnitude
thrust earthquakes, in terms of inferred stress directions and observed surficial
strain in the overthrust plate. In SW Japan, which has the longest and best
seismic and geodetic data set, P-axes have a large amount of scatter in their
azimuthal orientations. Compressive strain axis orientations also exhibit a great
deal of scatter and considerable spatial variation and in some areas do not agree
with P-axis data. In Alaska and New Zealand there is both direct and indirect
evidence that the stress and strain fields in overthrust plates can have
significant spatial and temporal variations over a few decades of kilometers and
years. The focal mechanism observations in northwestern Washington fit into
the observed range of behavior of Pacific rim subduction zones known to gen-
erate large magnitude, shallow thrust earthquakes.

Reports

Weaver, C. S. and Smith, S. W., 1983, Regional tectonic and earthquake hazard
implications of a crustal fault zone in southwestern Washington, Journal of
Geophysical Research, v. 88, p. 10,371-10,383.

Grant, W. C., Weaver, C. S., and Zollweg, J. E., 1984, The February 14, 1981, Elk
Lake Washington, earthquake sequence, Bulletin of the Seismological
Society of America, v. 74, (in press).

Weaver, C. S. and Michaelson, C. A., 1983, Segmentation of the Juan de Fuca plate

and volcanism in the Cascade Range, (abs): EOS, Transactions, American
Geophysical Union, v. 45, p. 886.
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Figure 1:

Relocated earthquakes near Mount St. Helens with
magnitudes greater than 1.0 for the period 1980

to 1983. The cross section in Figure 2 is centered
on Mount St. Helens. The magnitude 5.1 earthquake
beneath Swift Reservoir occurred in 1961 and is
being relocated.
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Cross section of relocated earthquakes shown in
Figure 1. The Elk Lake aftershocks and the deeper
earthquakes that have occurred directly beneath
Mount St. Helens define a relatively sharp fault
zone, about 2 1/2 km wide. The azimuth of view is
170°, with the earthquakes being projected onto a
plane striking N. 80° W.
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urbations are in % of the mean velocity of layer 3.
Circles and triangles represent high and low velocit-
ies respectively, with contours in 1% intervals. The
N-S striking high-velocity zone at approximately 122°W
longitude is interpreted as the position of the Juan
de Fuca plate at 50-100 km depth.
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Neotectonic Synthesis of U.S.
9540-02191

Carl M. Wentworth
Branch of Western Regional Geology
U.S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, California 94025
(415) 323-8111 ext. 2474

Investigations

1. Procurement of seismic reflection profiles across Coalinga nose in the
vicinity of the Coalinga main shock of May 2, 1983: Two east-west
reflection lines) that cross Coalinga nose north and south of the May 2
epicenter were purchased from Western Geophysical Company (lines SJ-3 and
SJ-19 with lengths of 26.6 and 44.3 km). These are modern, 6-second
Vibroseis lines that were collected with a frequency upsweep. This permited
correlation back into the sweep to obtain an additional 6 seconds of data.

2. Initial interpretation of SJ-19 as part of the development of velocity
structure for use in reprocessing the 12-second record; coordination with
the associated on-going refraction study of the same area by Allan Walter.

3. Collection and analysis of oil well records in the Coalinga area to (a)
establish the stratigraphic framework within which other investigations must
proceed, (b) define Tertiary structure, and (c) make stratigraphic identi-
fications of events in the reflection records.

4, Study of the effects of various velocity structures and migration
parameters on the shape and structural relations of Kettleman South Dome in
migrating reflection profile SJ-6 (SJ-6 is described in Summaries of
Technical Reports, vol. XV, p. 18-19 and in Wentworth and others, 1983x).

Results

1. Stratigraphy in Coalinga area: The stratigraphy in wells that define
sections along the Coalinga Nose-Kettleman Hills-Lost Hills anticlinal trend
and across Coalinga nose from within the Diablo Range to the middle of the
San Joaquin Valley are used by Alan Bartow to describe the stratigraphic
framework of the region and to infer relative sea-level history. Of
particular interest are shoaling and local emergence of the Joaquin Ridge
area in the early Tertiary, Miocene exposure of the New Idria serpentine
diapir in the core of the Joaquin Ridge anticline from which debris slides
carried serpentine debris into the shallow sea, and Pliocene initiation of
Coalinga nose folding.

2. Stratigraphic identity of reflections in SJ-19: Clear reflections can
be associated with the approximate tops of most of the principal
stratigraphic units down to the top of the upper Cretaceous Panoche
formation. At the west end of the record more than 2} seconds of layered
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reflections dip eastward into the Pleasant Valley syncline and then
gradually die out eastward beneath Coalinga nose. These events can
represent a Great Valley sequence 6 or 7 km thick, which is nearly as thick
as the section exposed to the west in the Diablo Range. Tentative
identification - from distant wells and seismic refraction - of crystalline
basement beneath Cretaceous strata 25 km east of the anticline suggests, in
contrast, a Cretaceous section there that is only 1} km thick.

3. Structure in SJ-19: The nearly flat-lying sedimentary rocks beneath the
western San Joaquin Valley rise westward in two steps onto Coalinga nose,
drop back into the Pleasant Valley syncline and then rise into the Diablo
Range to the west. Discontinuous deep events (3-5 s), presumbly from
layering in the Great Valley sequence, do not participate in the Coalinga
nose folding that is evident higher in the record. The equivalent position
of the hypocenter of the Coalinga main shock (6 km north of SJ-19) probably
lies near the apparent base of layered reflections at a depth of 5-6 s.

4, SJ-6 migration: The limbs of Kettleman South Dome can be made to dip
moderately to steeply or even be overturned, depending on selection of
velocity structure and migration parameters. The geophysically most
reasonable migration yields a steep-limbed fold and pulls reflections of the
deep, gently west-dipping stratigraphic section in the San Joaquin Valley
westward across beneath the anticline and upward into strong angular
discordance with the west limb of the anticline. Thrusting is indicated, as
concluded in Wentworth and others (1983x), but displacement may be quite
limited.

Reports

Bartow, J. A., 1984, Cenozoic stratigraphy and geologic history of the

Coalinga region, central California: chapter for USGS Coalinga
professional paper on the Coalinga earthquakes, in peer review.

Wentworth, C. M., Walter, A. W., Bartow, J. A.;, and Zoback, M. D., 1983x,

Evidence on the tectonic setting of the 1983 Coalinga earthquakes from
deep reflection and refraction profiles across the southeastern end of
Kettleman Hills, in Bennett, J. H., and Sherburne, R. W., eds., The 1983
Coalinga earthquakes: California Division of Mines and Geology Special
Publication 66, p. 113-126.

Wentworth, C. M., Zoback, M. D., and Bartow, J. A., 1983, Thrust and reverse

faults beneath the Kettleman Hills antielinal trend, Coalinga earthquake
region, California, inferred from deep seismic reflection data (abs.):
Transactions, American Geophysical Union, EOS, v. 64, no. 45, Nov. 8,
1983, p. Tu47, Fall Meeting, San Francisco, December, 1983.
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Wentworth, C. M., Walter, A. W., Zoback, M. D., and Blake, M. C., Jr., 1983,
possible obduction of Franciscan assemblage, southeasternmost Diablo
Range, California (abs.): Transactions, American Geophysical Union, EOS,
v. 64, no. 45, Nov. 8, 1983, p. 868.

Wentworth, C. M., 1983, Reverse faulting as the source of earthquakes along
the eastern seaboard of the United States: problems and needed research,
in Hays, Walter, and Gori, P. L. (eds.), Proceedings of Conference XX,
Workshop on the 1886 Charleston, South Carolina, earthquake and its im-
plications for today: U.S. Geological Survey Open-File Report 83-843,
p. 117-125.

----- 1983, The changing tectonic basis for regulatory treatment of the 1886
Charleston, South Carolina, earthquake in the design of power reactors,
in Hayes, Walter, and Gori, P. L. (eds.), Proceedings of Conference XX,
Workshop on the 1886 Charleston, South Carolina, earthquake and its im-
plications for today: U.S. Geological Survey Open-File Report 83-843,
p. 266=-275.
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TECTONIC TILT MEASUREMENTS USING LAKE LEVELS: UTAH
4-9950-02396

Spencer H. Wood and Kirk R. Vincent
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Mailing address: Boise State University
Boise, Idaho 83725
(208) 386-3629

Investigations

1. Work continues on establishing a network of level lines and lake-level sites
to monitor vertical tectonic deformation along the Wasatch Front. We report
here the preliminary results from the first-order releveling by the National
Geodetic Survey (NGS) from the Ogden, Utah area to Green River Wyoming.

Leveling was completed over the interval 8/83 - 10/83. These elevations are
differenced with recalculated elevations surveyed in 1958 by the NGS. The 1958
elevations were recalculated by John Till (NGS, Rockville) using the REDUC 4
program developed by Holdahl (1982) to estimate corrections for sight-line
refraction and other systematic errors. Previous leveling along the segment of
this line crossing the Wasatch fault had been done by the USGS in 1974 and 1979.

2, Lake level measurements have been made by temporary installations of
mechanical recorders at several sites on the Great Salt Lake and on Utah Lake.
These measurements are referenced to shoreline bench marks. Rising lake levels,
storms, and vanadalism have been a problem in maintaining these sites., All sites
will have to be raised this year by establishing and leveling in new bench
marks. We are in the process of of assembling a digital data logger and
pressure transducer system similar to one being used by Wayne Hamilton (National
Park Service) on Yellowstone Lake. This system should resolve many of the
problems we have previously had in maintaining a mechanical recorder on a
stilling well out in the water. This system will be installed on the Farmington
Bay body of water of the Great Salt Lake (Fig.l) to act as a continuous record
of land-surface tilt of the lake shore within 3 km of the Wasatch Fault.
Differencing and filtering digital data should permit resolution of movement
between recorders of the order of 1 cm.

Results

The comparison of elevations obtained in 1983 by the NGS with those obtained in
1958 (recalculated with REDUC 4) by releveling from Ogden east to Evanston,
Wyoming shows the pronounced down-to-west tilt is on the hanging-wall block of
the Wasatch fault (Fig.2) Tilt amounts to about 10 cm over a distance of 12 km,
or 9 microradians over a period of 25 years. The profiled apparent-elevation
differences also show a slight tilting to the west of the foot-wall block and
the entire line segment 100 km east of the fault to about Castle Rock, Utah.
This slight tilt is about 0.4 microradians and may be within the range of
possible systematic error and not significant.

The 1983 NGS survey releveled the line of closely spaced bench marks in
Weber Canyon established by the USGS in 1974 and last releveled in 1979. The
1983 survey shows a 1 cm difference in elevation over a distance of 5 km on the
line segment west of the fault, or a tilt of 3 microradians that developed in
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the part of the hanging wall near the fault over a period of 4.4 years. This
suggests an average tilt rate in the hanging wall of about 0.75 microradians per
year over the period from 1979.4 - 1983.8 (Fig. 3a). Unfortunately bench marks
at the west end of the line could not be recovered in 1983, so that this segment
showing the steepest tilt between 1979 and 1983 does not give a complete picture
of the deformation. New Class "A" bench marks were set near the Roy School in
1983 for future monitoring of the vertical deformation pattern west of the
fault.

It is puzzling that the 1974.8 to 1978/79 comparison of USGS elevations in
Weber Canyon show no significant tilt over a period of 4.6 years (Fig.2b). Both
surveys were run by the USGS topographic division for the purpose of monitoring
vertical tectonic deformation across the Wasatch Fault. The only two possible
explanations for the close agreement of the two sets of elevations obtained by
the USGS parties are: (1) that vertical deformation occurs episodically along
the fault zone, and the period 1974.8 to 1979.4 was a quiescent time, or (2)
that the 1leveling proceedures of the UGSS and the NGS were sufficiently
different that systematic errors may sometimes appear in comparisons of surveys
by two different agencies, but may not appear in comparisons of surveys when the
parties used identical methods and experienced similar conditions.

The questions of serious systematic errors in the data sets through Weber
Canyon is somewhat allayed by recalculation of the 1958 elevations using
Holdahl's (1982) method of estimating refraction correction and also including
new calibrations of the rods. Figure 3c shows that a difference of only 7 mm of
apparent elevation change is generated by applying these corrections to the 1958
data; however, the estimated refraction correction is in the same sense as the
corrected elevation change. As another check we intend to examine the near
surface temperature gradients measured at every set-up in the autumn 1983
releveling along this route.

In the previous semi-annual report (Wood and Vincent, 1983, Fig.2) we show a
profile of elevation changes from data along the Wasatch Front between Ogden and
Salt Lake City obtained by differencing the unadjusted elevations obtained in
1953 and 1967 by the NGS. R. Reilinger (written communication, 1984) has
pointed out that the 1953 survey may have significant error that would not show
up in loop closures, but does show up in calculating differences between the
1903 and 1967 surveys with the 1953 survey. The profiles of elevation change
along the line are similar in magnitude, but opposite in sense suggesting error
in the 1953 survey. This data set will be re-examined, and possibly short
segments of the line that show an apparent tilt will be releveled to remove
ambiguety in the future.

Another monitor line established in 1974 by the USGS for tectonic studies may
also be partly releveled in the 1984-85 program. This line of closely spaced
bench marks runs from Parleys Summit west through Salt Lake City along 21
Avenue South and crosses the East Bench branch of the Wasatch Fault near the
Sugar House (Fig.l).

All leveling data examined have been consistant in showing an apparent
down-tilting to the west of about 11 cm, with most of the tilt on the
hanging-wall side of the Wasatch Fault, If this can be interpreted as tectonic
movement and strain accumulation on the fault, it appears that most of it
developed between 1953 and 1974, that during the period from 1974 - 1979 the
fault experienced little or no movement, and that movement resumed in the period
1979 to 1983. The earlier data (1903, 1953, 1958, and 1967) may always be
questionable, because of possible systematic errors. Nevertheless, this earlier
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data does yeild a consistant result. Furthermore, the sense and location of
apparent movement is exactly what is expected of strain on the Wasatch Fault.
If one accepts that the 1974 and 1979 elevations in Weber Canyon are valid (Fig.
3b), and that the latest survey in 1983 by the NGS is without significant error,
then Fig. 3a.would indicate that movement is continuing at a rate on the order
of 0.75 microradians per year.

References cited
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California, 1959-1975: Journal of Geophysical Research, v. 87, p. 9374-9388.
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Figure 1. Network of level lines and lake-level sites for monitoring vertical
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Potentially Active Reverse Faults of Eastern Ventura Basin,
Los Angeles County, California

USGS Contract No. 14-08-0001-21279

Robert S. Yeats
Department of Geology
Oregon State University
Corvallis, Oregon 97331-5506

(503) 754-2484

Investigations

Field work is now completed, and cross sections and maps are being prepared
for the final report. The maps (1:24,000) are to be submitted for open file by
USGS.

Results

The Saugus Formation is involved in faulting and folding throughout the
area, although faulting and folding of similar structural style predates
Saugus deposition. Field mapping has not found evidence of tectonic topography
as youthful as that associated with the San Cayetano and Oak Ridge faults which
extend into the area.
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Earthquake Hazards Studies, Metropolitan Los Angeles-
Western Transverse Ranges Region

9540-02907

R. F. Yerkes
Branch of Western Regional Geology
U. S. Geological Survey
345 Middlefield Road, MS 975
Menlo Park, California 94025
(415) 323-8111 ext. 2350

Investigations and results

1. Historic earthquake data (W. H. K. Lee). Continued organizing and merging
phase data from several sources into common format.

2. Earthquake hazard studies (Yerkes). Continued evaluating well data for
evidence of abnormally high fluid pressures, southern San Joaquin Valley.

Much of San Joaquin Valley south of lat 36.80° N. is underlain at shallow
depths by deposits with fluid pressure/depth ratios near or above 0.5 psi/ft;
the ratios generally increase with depth and structural penetration; they are
relatively high along the Lost Hills-Kettleman Hills trend and extend through
Coalinga Nose, site of the 1983 earthquakes, to Joaquin Ridge. Pressure/depth
plots from about 300 wells show an average ratio of about 0.6 psi/ft, a lower
bound somewhat above hydrostatic (0.47 psi/ft), and an upper bound exceeding
0.9 psi/ft. Below about 3 km the ratio commonly increases with depth at rates
greater than 1.00 psi/ft; the depth limit of such pressures is not known, but
they extend to the limit of drilling, about 6.5 km. The "high-pressure" wells
are located southwest of the valley axis; no wells are known to bottom in
Franciscan rocks, but a few that bottom in non-Franciscan basement show high-
pressure gradients above or near the top-basement contact. Sonic logs for a
few modern, deep wells all show abrupt reversals in the velocity/depth
gradient at the top of the "high-pressure" (> 0.61 psi/ft) zone, and where
well data coincide with seismic refraction/reflection profiles, the top of the
zone marks the top of a seismic low-velocity zone. Genesis and source of the
high pressures are unknown, but all data are consistent with their being
present in Franciscan-Great Valley rocks at seismic depths below Coalinga
Nose.

Joined Paul Segall in evaluating stress and fluid-pressure changes
associated with oil-field operations at Coalinga (reported by Segall, OEVE).

3. Quaternary stratigraphy, chronology, and tectonics, Ventura area
(A.M. Sarna-Wojcicki)

Continued feasibility study of using oxygen-isotope analysis of
foraminifers in on-land Quaternary marine sections in order to (1) improve
existing age control for these sections through correlation with deep-sea
secular oxygen-isotope variations, and (2) derive a detailed climatic history
that can be correlated to non-marine sections in the Western United States.
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Analysis of seven samples of tests of Uvigerina peregrina, obtained from
sites in the Balcom Canyon-Santa Paula Creek area east of Ventura, indicate
that (1) the isotopic compositions of the foraminifera have not been affected
by post-depositional or meteoric alteration, as can be seen frog the uniform
and low negative delta '3C values, and (2) the range of delta 190 values
(table 1) is in general agreement with that observed in deep-sea cores for the
time span studied.

These results invite continuing with the next phase of the study, a
collection of samples from the Balcom Canyon section at intervals of about
4 m, corresponding, by our calculations, to about 4,500 yrs of time for each
interval. (Study in cooperation with Kristine MecDougall, B. P. & S., Menlo
Park, and R. K. Matthews, Brown University).

Reports
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Table 1. Oxygen and carbon isotope delta values (relative to standard PDB)
for samples of Uvigerina peregrina from the Balcom Canyon section, Ventura
area, California.

Sample $'13C %orel. PDB 3718y g.rel. PDB
Pico 1634 -1.23 +2.39
Pico 167 -1.39 +2.51
Pico 168 -1.22 +1.78
Pico 169 -1.28 +2.69
Pico 170 -1.29 +2.17
Pico 171 -1.56 +2.66
Pico 172 -1.51 +2.91
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Regional Syntheses of Earthquake Hazards in Southern California
9910-03012

Joseph I. Ziony
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2944

Investigations

1'

2.

Analysis of the geologic and seismologic character of late Quaternary
faults of the Los Angeles region, as determined from published and
unpublished sources and from limited field investigations, continued. Our
emphasis is on obtaining: (a) quantitative data on offsets of deposits or
geomorphic features younger than about 700,000 years in order to provide a
reasonably uniform basis for estimating rates of geologically recent slip
along individual faults, and (b) geologic constraints on the recurrence of
large earthquakes. The long-term objectives are to estimate the relative
activity of these faults, and, where possible, their earthquake and
surface faulting potential.

Coordination of the preparation of a professional paper on the earthquake
hazards of the Los Angeles region continued. This comprehensive report
will summarize the current methods and conclusions of USGS investigators
concerning the major earthquake-hazard factors for the region.

Results

A comprehensive report on the geologically controlled earthquake hazards of
the Los Angeles region, containing new or improved methods for predicting
their areal extent and severity, has completed technical review and is being
submitted for publication in 1985 as a Geological Survey Professional Paper.
The report, Fvaluating Farthquake Hazarde in the Los Angeles Region--An Farth-
Seience Perspective, contains the following chapters:

Introduction, by J. 1. Ziony and W. J. Kockelman
Geologic setting, by R. F. Yerkes
Evaluating earthquake and surface-faulting potential, by
J. I. Ziony and R. F. Yerkes
Predicting earthquake ground motion--an introduction, by
R. D. Borcherdt
Mapping Ouaternary sedimentary deposite for areal
variations in shaking response, by J. C. Tinsley
and T. E. Fumal
Mapping shear-wave velocities of near-surface geologic materials,
by T. E. Fumal and J. C. Tinsley
Predicting seismic intensities, by J. F. Evernden
Predictive mapping of earthquake ground motiom by W. B. Joyner
and T. E. Fumal
Predicting relative shaking response, by A. M. Rogers,
J. C. Tinsley, and R. D. Borcherdt

151



T-3

Predicting time histories of ground motion, by P. A. Spudich
and S. H. Hartzell

Evaluating liquefaction potemtial, by J. C. Tinsley, T. L. Youd,
D. M. Perkins, and A.T.F. Chen

Fetimating areal limits on earthquake-induced landsliding,
by R. C. Wilson and D. K. Keefer

Identifying active faults and potentially unmstable slopes offshore,
by S. H. Clarke, Jr., H. G. Greene, and M. P. Kennedy

Evaluating the tsunami potential, by D. S. McCulloch

Predicted geologic and seismologic effects of a postulated magnitude 6.5
earthquake along the northern part of the Newport-Inglewood zone, by
J. I. Ziony, J. F. Evernden, T. E. Fumal, E. L. Harp, S. H. Hartzell,
W. B. Joyner, D. K. Keefer, P. A. Spudich, J. C. Tinsley, R. F.
Yerkes, and T. L. Youd

Using earth-science information for earthquake-hazard reduction,
by W. J. Kockelman

The following is the abstract for the Professional Paper:
ABSTRACT

Potentially damaging earthquakes are inevitable within the Los Angeles
region, but the hazards caused by them can be predicted in order to provide a
basis for reducing damage and loss. This volume identifies the principal
geologically controlled earthquake hazards of the region (surface faulting,
strong shaking, ground failure, and tsunamis), summarizes methods for
characterizing their extent and severity, and suggests opportunities for
reducing earthquake hazards.

Two families of active faults generate earthquakes in the Los Angeles
region: northwest-trending faults, such as the San Andreas, with chiefly
horizontal slip, and west-trending faults of the Transverse Ranges with
chiefly vertical slip. Faults in these two systems have produced more than 40
damaging earthquakes since 1800. Ninety-five faults have slipped in late
Quaternary time (approximately the past 700,000 years) and are judged capable
of generating future large earthquakes and displacing the ground surface.
Average rates of late Quaternary slip or separation along these faults provide
an index of their relative activity. The San Andreas and San Jacinto faults
have slip rates measured in tens of millimeters per year, but most other
faults have rates of about 1 mm/yr or less. Intermediate rates of as much as
6 mm/yr characterize a belt of Transverse Ranges faults that extend from near
Santa Barbara to near San Bernardino. The dimensions of the late Quaternary
faults provide a basis for estimating the largest size of future earthquakes
likely to occur in the Los Angeles region: moment magnitude (M) 8 for the San
Andreas; M 7 for the other northwest-trending elements of that fault system;
and M 7.5 for the Transverse Ranges faults. Geologic and seismologic evidence
along these faults, however, suggests that appropriate earthquakes for
planning and des1gn purposes for non-critical facilities are M 8 for the San
Andreas; M 7 for the San Jacinto; M 6.5 for other northwest-trending faults;
and M 6.5-7 for the Transverse Ranges faults. The geologic record 1nd1cates
that parts of the San Andreas and San Jacinto faults have generated major
earthquakes with repeat times of several tens to a few hundred years. In
contrast, the geologic evidence at points along other active faults suggests
repeat times measured in many hundreds to several thousands of years. The
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distribution and character of late Quaternary surface faulting permit
estimation of the likely location, style, and amount of future surface
displacements.

An extensive body of geologic and geotechnical information is used to
evaluate areal differences in future levels of shaking. Bedrock and alluvial
deposits are differentiated according to the physical properties that control
shaking response; maps of these properties are prepared by analyzing existing
geologic and soils maps, the geomorphology of surficial units, and geotechni-
cal data obtained from boreholes. The shear-wave velocities of near-surface
geologic units must be estimated for some methods of evaluating shaking
potential. Regional-scale maps of highly generalized shear-wave velocity
groups, based on the age and texture of exposed geologic units and on a simple
two-dimens ional model of Quaternary sediment distribution, provide a first
approximation of the areal variability in shaking response. More accurate
depictions of near-surface shear-wave velocity useful for predicting ground-
mot ion parameters take into account the thickness of the Quaternary deposits,
vertical variations in sediment type, and the correlation of shear-wave
velocity with standard-penetration resistance of different sediments. A map
of the upper Santa Ana River Valley showing shear-waves velocities to depths
equal to one-quarter wave length of a one-second shear wave demonstrates the
latter mapping procedure.

Four methods are presented for predicting the distribution and strength
of shaking from future earthquakes. These techniques use different measures
of strong-motion severity: seismic intensities, peak horizontal acceleration
and velocity (or response spectral values), amplification factors relative to
ground motion on bedrock, and time histories of ground motion.

Maps of predicted seismic intensities for the Los Angeles region are
useful for emergency-preparedness planning and for estimating losses from
future earthquakes. Comparison of observed intensities from the 1971 San
Fernando earthquake with strong-motion records indicates that intensity
correlates directly with expected levels of shaking in the range from 0.5 to 3
nertz (periods of approximately 0.3s to 2s), frequencies of concern to
ordinary structures. A computer-based technique for predicting earthquake
intensities incorporates: (1) a numerical model of the earthquake source; (2)
a mathematical expression for the rate of attenuation in the crust of the
region; (3) an empirical correlation of geologic ground conditions with
dif ferences of expected intensity; and (4) a digitized map of geologic ground
conditions for the area studied. To demonstrate the method, predicted
intensities are mapped for postulated earthquakes along the San Andreas, San
Jacinto, Newport-Inglewood, Pitas Point-Ventura, Elsinore (Glen Ivy), and
Raymond faults; the calculated maximum intensities highlight those parts of
the region that have a significant shaking hazard. This technique of
predicting intensities can be extended to estimate losses from future earth-
quakes by incorporating empirical correlations between observed intensities
and percentage of damage experienced by various types of structures. A
comparison of predicted losses to wood-frame construction for various possible
California earthquakes shows that earthquakes of about M 6.5 in the Los
Angeles basin would cause much greater damage than an earthquake of about M
8.0 on the closest part of the San Andreas fault.
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Predictive mapping of peak horizontal acceleration and velocity, and of
horizontal response spectral values, provides an appraisal of areal shaking
potential that is useful for engineering design and for building codes. The
technique relies upon equations that are derived from regression analyses of
an extensive set of strong-motion records. These equations link the ground-
mot ion parameters to earthquake magnitude, source distance, and site condi-
tions. The site effect can be expressed in terms of the shear-wave velocities
of near-surface geologic materials. Thus, predictive maps of ground-motion
values for a single postulated earthquake can be made by applying the
predictive equations and by taking into account the areal differences in
shear-wave velocities. The uncertainty associated with the frequency of
occurrence and size of future earthquakes from multiple potential sources can
be evaluated by a newly developed approach that incorporates fault slip rates
to compute the ground motion that will be exceeded at a specified annual
probability. Predictive maps for the Upper Santa Ana River Valley illustrate
this method by showing the areal distribution of ground-motion values exceeded
dt a return period of 500 years for future large earthquakes on the San
Andreas, San Jacinto, and Cucamonga faults.

Areal variations in shaking potential also are estimated by comparing
measurements of ground motions from distant underground nuclear explosions
recorded at 98 sites in the Los Angeles region. Because local ground response
from these low-strain signals correctly predicts ground-motion amplification
for higher strain levels caused by nearby large earthquakes, the data provide
a way of assigning amplification factors relative to shaking on crystalline
bedrock. At periods less than 0.5 s, the most pronounced differences in
observed site response correlate with differences in sediment void ratio,
thickness of surficial deposits, and depth to basement rocks; resonant effects
with large amplifications over narrow frequency bands are observed for sites
underlain by Holocene deposits 10-20 m thick. At periods greater than 0.5 s,
the most important geologic factors are depth to basement rocks and thickness
of Quaternary sediments. By comparing the recorded motions with what is known
about geologic conditions at each site, the principal factors that affect
amplification are grouped, and distinctive types of sites are identified
through cluster analysis. These site types become the basis for predictive
mapping of relative shaking response. To demonstrate the mapping procedure,
the areal distribution of expected amplification factors for part of the Los
Angeles basin is shown for three period-bands (3.3-10 s; 0.5-3.3s; and 0.2-
0.5s); locally, the spectral amplification is predicted to be as great as
6 1/2 times the shaking levels on crystalline bedrock.

Earthquake-resistant design of critical structures commonly requires
elaborate estimates of the characteristics of ground motion at a particular
site. Time histories of ground motion from postulated earthquakes are
predicted by assuming how each point on a slipping fault might be displaced,
determining the ground motions caused by each point, and then summing the
ground motion contributions from each point to obtain the total motion at a
given distant site. The method depends upon assumptions concerning: (1) the
detailed character of the expected rupture propagation, and (2) the velocity
structure of the Earth's crust in the region analyzed. The time history of
ground motion caused by slip of a single point on a fault is called a Green's
function. Green's functions can be determined theoretically by solving the
wave equation in a model of the crust, or they may be obtained empirically by
using recordings of small earthquakes in the desired crustal structure.
Simplifying methods of computing Green's functions economically are reviewed.
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Secondary geologic effects such as liquefaction within the alluvial
basins and landsliding within the upland areas can be expected to result from
strong shaking during future earthquakes. Liquefaction potential is evaluated
by preparing two types of maps--one showing the susceptibility of sediments to
liquefy with shaking and the other expressing the probabilities that critical
levels of shaking for liquefaction will be attained. Areas of susceptible
sediments are delineated by analyzing the physical properties of the late
Quaternary alluvial deposits, grouping these according to their probable con-
tent of clay-free sand or silt, and determining whether these deposits are
saturated with ground water at depths less than about 15 m. Holocene sedi-
ments, especially those deposited during the past few hundred years, are the
most susceptible to liquefaction-related ground failure; these materials are
mapped on the basis of soil-profile development, geomorphic expression, and
geotechnical properties such as standard penetration resistance. Areas of the
Los Angeles region deemed most vulnerable to liquefaction during future earth-
quakes include the flood plains of the Los Angeles, Santa Ana, and San Gabriel
Rivers; parts of the San Fernando Valley and the Oxnard Plain; coastal and
harbor areas of Long Beach and Marina Del Rey; and in flood control basins.
The opportunity for liquefaction at a site containing susceptible sediments
can be estimated by considering the earthquake potential and by applying an
empirically determmined relationship between earthquake magnitude and the
limiting distances for liquefaction-related ground failure. Regional lique-
faction opportunity is mapped by summing for points on a map the expected
annual rates of occurrence of magnitude 5 or greater earthquakes from those
fault sources that influence each point. Most of the region will experience
ground shaking sufficient to cause liquefaction in susceptible sediments on an
average of once every 33 years.

The extent and severity of future earthquake-induced slope failure can be
fully evaluated only when detailed information on the geologic and topographic
controls on slope stability is available. Such information is not yet com-
plete for the Los Angeles region. However, a twofold approach has been
developed to assess, for postulated earthquakes of specified size, the areal
limits of earthquake-triggered landslides. The maximum distance from an
earthquake source at which various classes of landslides can occur (given
susceptible slopes) is estimated from correlations based on a worldwide data
set for historical earthquakes that have triggered landslides. The proba-
bility distribution of threshold levels of shaking capable of triggering slope
failure then can be mapped by extending the Newmark method of slope-stability
analysis; the probabilistic procedure depends upon newly established correla-
tions between earthquake magnitude, critical displacement of a slope, and the
intensity of shaking for a given earthquake-source distance., Using these
relations, the likelihood for slope failures from a postulated earthquake is
evaluated for an example site in the Santa Monica Mountains.

Faults and zones of potential slope instability on the sea floor off the
Los Angeles region have been identified and evaluated by specialized remote-
sensing methods. Acoustic reflection profiles reveal those faults that offset
late Quaternary sediments of the sea floor; the profiles also show potentially
unstable slopes on which subaqueous sediment slides, mass flows, and gas-
charged sediments occur. A regional analysis of these profiles indicates
offshore counterparts to the onshore faults of the San Andreas system and the
Transverse Ranges. Many of these offshore faults may generate Iargg earth-
quakes and of fset the sea floor. Scattered zones as large as 60 km~ of
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seafloor sliding are mapped along the outeE edge of the Santa Monica and San
Pedro shelves and cover several hundred km®~ in the central Santa Barbara
basin. Furthermore, potentially unstable gas-charged sediments apparently are
widespread across the Santa Monica and San Pedro basins. Some zones of sea-
floor instability could fail during shaking from nearby large earthquakes.

The ocean-side setting poses a threat of tsunamis to coastal areas,
although the hazard in the Los Angeles region is much less than for many other
regions along the circum-Pacific border. Methods are available to predict
tsunami wave heights and frequency of occurrence resulting from both distant
and local sources and a number of these are summarized. A review of pre-
dictive models for distantly generated tsunamis indicates that wave heights of
2 m are exceeded on the average of once every 500 years, except locally along
Santa Monica and San Pedro Bays and near Ventura, where wave heights of 3 m
are exceeded on the average of once every 500 years. A preliminary appraisal
of the potential for locally generated tsunamis suggests that wave run-up
heights as great as 4-6 m could be caused by faulting of the sea floor in the
Santa Barbara Channel ; wave run-up heights no greater than 2-3 m are estimated
for tne dominantly strike-slip faults further south, Earthquake-triggered
seafloor slides with the dimensions observed in the offshore region are
unlikely to cause tsunamis.

As a demonstration of the various hazard-evaluation methods discussed in
this volume, the geologically controlled effects expected from a postulated M
6.5 earthquake along the northern part of the Newport-Inglewood fault zone are
evaluated. Predicted effects include: (1) secondary faulting (normal-oblique
slip) at the ground surface along one or more late Quaternary faults exposed
in the Baldwin and Rosecrans Hills. Possible subsurface slip along reverse
faults at the north end of the Dominguez Hills; (2) shaking intensities of
Modified Mercalli intensity VII distributed widely throughout the Los Angeles
basin and the San Fernando Valley, with scattered areas of intensity VIII to
distances of 18 km from the main fault; (3) shaking lasting about 10 to 15
seconds. Peak ground motion values will be about 0.4 g acceleration, 90-100
cm/s velocity, 1.2 g pseudo-acceleration response, and 160-180 cm/s pseudo-
velocity response near the earthquake source zone. Peak ground velocity
values at the northwest end of the fauit zone will be higher than to the
southeast if the subsurface tectonic rupture propagates northwestward from the
postulated epicenter; (4) liquefaction in highly susceptible, water-saturated,
clay-free Holocene alluvial sediments as distant as 18 km from the earthquake
source zone. Rock/soil falls and slides will be the most common earthquake-
triggered slope failures and will occur chiefly in upland areas within about
40 km of the earthquake source zone; and (6) minor harmonic waves (seiches) in
enclosed small bodies of water,

The use of earth-science information such as that described here is
illustrated by five examples of specific earthquake-related problems faced by
decision makers in southern California. These include: anticipating damage
to critical facilities; adopting seismic safety plans; strengthening highway
bridges; regulating development in areas of potential surface faulting; and
strengthening or removing unsafe masonry buildings. These examples show what
geologic and seismologic information was used and the actions taken to reduce
the hazard. They demonstrate that effective measures for reducing future
earthquake losses can result where adequate scientific data and interpreta-
tions are available and are thoughtfully applied by engineers, planners, and
others who are responsible for public safety.

1R L



Department of Earth and Planetary Sciences
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139
Contract No. 14-08-0001-G-885
Principal Investigator K. Aki
Co-Investigator S. Ellis
(617) 253-3381
Theory and Strategy of Earthquake Prediction

Extensive studies of local earthquake S coda (Aki, 1969; Aki and Chouet,
1975; Rautian and Khalturin, 1978; Tsujiura, 1978) have shown that the
following two well-established features of local earthquake S coda are very
useful tools for quantitative studies of small-scale heterogeneities in the
earth, The first feature is its independence on the source-receiver path.
The second feature is the regional change of its apparent Q-1 between stable
and active tectonic areas at frequencies around 0.5 ~ 1.0 Hz (Aki, 1981). Aki
(1984) further suggested, on the basis of many observations, that the time-
varying local earthquake coda Q may be an earthquake precursor. Thus, the
purpose of the present study is to focus on the investigation of the time-
varying quality factor. We studied local earthquake coda Q in different
oceanic areas, young and old. An advantage of the coda Q as a precursor is
its complete coverage of a large area in detecting the change of the
heterogeneous structure of an earthquake source region which is responsible
for precursory phenomena (Aki, 1984). ,

In a detailed study of scattering and attenuation of shear waves of
numerous local earthquakes in central Japan and other areas (Aki, 1980a,
1980b), an interesting phenomenon that the Q! values of shear waves at period
around 1 s varies from place to place by an order of magnitude showing a
strong correlation with the intensity of current tectonic activity was
noticed. This phenomenon was also confirmed by the Q values of coda and S
waves from Central Asia (Rautian and Khalturin, 1978). Moreover, Singh and
Herrmann (1983) obtained a contour map of crustal Q values (frequency f =
1 Hz) for the entire United States based on a scattering model to explain the
coda waves of local and near regional earthquakes. They found a gradual
increase of Q values from the lowest around 140 ~ 200 in the western United
States to the maximum around 1300 in the central United States. The
correlation between tectonic activity and Q value at 1 Hz is very impressive.
However, detailed short-period attenuation observations from the ocean floor,
young or old, are lacking. We hope that the present stuidy will be
complenentary to earlier studies on the continents.

Unfortunately, we still cannot take advantage of digital records for our
particular purpose, because only a few stations of the Global Digital
Seismograph Network (GDSN) are located in the ocean (Engdahl et al., 1982).
We have chosen three WWSSN stations in the ocean. They are Guam on Mariana
Islands, Galapagos Islands of Ecuador, and Akureyri on Iceland. Guam is on
the Philippine plate near the Mariana trench; it belongs to the oldest,
coldest oceanic lithosphere. The Galapagos Islands are located near the ridge
between the Cocos and Nazca plates, and Akureyri is near the ridge in the
North Atlantic Ocean; thus both of these sites belong to the youngest, hottest
oceanic lithosphere, We digitized the records of 22 earthquakes, of which 10
are from Akureyri, 4 from the Galapagos Islands, and 8 from Guam. All these
earthquakes are local earthquakes relative to these stations. All the
earthquakes chosen are smaller than 5.0 in magnitude, to ensure that the
effect of the source spectrum can be ignored (Herrmann, 1980).

After interpolation, we used a well-developed program by S. Phillips of
MIT for calculating Q values. This program is based on the formulation of a
single isotropic scattering approximation (Sato, 1977) which can be used for
the near source case,

The preliminary results are (1) Q increases with frequency for all three
areas investigated; (2) at frequency f = 1 Hz, the average Q value in
Akureyri is nearly twice as large as the average value in Guam (180:110); and
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(3) the Q values obtained are low in comparison with those obtained from the
stable part of continents. It is possible that Q values do not vary as much
from place to place on the ocean floor as they do on continents.
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(415) 323-8111 ext 2240

Investigations and Results

The Menlo Park real-time processor continues as a major component of the
CALNET data processing effort. In addition to the 256-station machine which has
been in operation for several years, we have installed another consisting of 72
stations in an effort to cover more of the telemetered network while develop-
ment proceeds on the Mark II RTP.

Performance of the RTP has been satisfactory in many respects, but many
additional features have been suggested which are not possible to include in the
current version because of limitations inherent in the hardware {at present the
processors running the picker algorithm are operating at a duty cycle of about
92%). Inclusion of additional filtering or of specialized detection algorithms for
processing teleseisms or S-arrivals are examples of the kind of enhanced perfor-
mance we would like to include. The use of a high-level language, preferably
FORTRAN, in place of assembly language in most parts of the picker will make
the machine more generally useful in different locations, since the people actu-
ally using the machine will be able easily to modify the algorithms for their spe-
cial purposes. The desired performance improvements dictated the use of one
of the much more powerful microprocessors which have recently become avail-
able. After careful evaluation of the available microprocessors we have selected
one, the 68000, that we believe will make possible the addition of desired
features as well as allowing the use of a high-level language for most of the
picker operation. This is currently carried out entirely in assembly language in
the 9900 processor. The 68000 is several times faster than the 9900 for our
application, and should allow the desired improvements.

A development system has been purchased and program development is
proceeding on the new picker software. We expect an operating prototype to be
ready for evaluation later this year.
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Regional and Local Hazards Mapping in the Eastern Great Basin
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Investigations

1.

2.

3.

4.

Study the surface effects of the October 28, 1983, Borah Peak earthquake
in central Idaho (A. J. Crone and M. N. Machette).

Continue paleostress studies in central Utah using fault-slip data
collected from exposed faults (R. E. Anderson and T. P. Barnhard).

Begin evaluation of proposed segmentation of seismogenic structure along
the Wasatch Front (R. L. Wheeler).

Complete the reports left over from project 02653 (Structural Framework of
Eastern U.S. Seismic Zones) (R. L. Wheeler).

Results

1.

Ms 7.3 Borah Peak earthquake that struck central Idaho on October 28,
1983, was one of the strongest historic earthquakes in the intermountain
seismic belt. Much of the 34-km-long, northwest-trending zone of fault
scarps and surface ruptures that formed during the earthquake follows
Holocene and upper Pleistocene scarps of the Lost River fault. The throw
along the new fault scarps averages 0.8 m, exceeds 1.0 m along 43 percent
of their length, and is as much as 2.7 m along the broad and complex zone
of deformation in the southern section. The net slip was normal sinstral
having an average of 17 cm lateral slip for every 100 cm of d1p slip. The
preferred nodal plane from the focal mechanism strikes N. 28° W. and dips
60° SW., and suggests a larger component of strike slip than does the
geologic data.

Fault-slip studies from the east margin of the transition zone between the
Great Basin and Colorado Plateau in central Utah indicate a neotectonic(?)
1east compressive principal stress (o3) or1entat1on at azimuth 110°-

1159, This orientation is displaced clockwise 10°-15° from the
perpend1cu1ar to the average trend of major normal faults in the
surrounding port1on of the transition zone. These normal faults had major
displacements in P11ocene and Pleistocene time. The neotectonic(?) o4 is
displaced clockwise 20°-25° from an east-west oy inferred for Pliocene
time (ca. 4 m.y.) from dike strikes on the adjacent Colorado Plateau, and
about 90° from a oy orientation of inferred Miocene age deduced from slip
on an areally restricted group of faults on the adjacent Colorado

Plateau. A clockwise Neogene rotation of o3 for the eastern transition
zone and adjacent Colorado Plateau in central Utah is suggested but not
proven.

160



P-1

3. Two weeks of reconnaissance fieldwork in the Wasatch Range and literature
review suggest that detailed and systematic studies of joint intensities
and relative ages can provide a means for highlighting contrasts in
deformational history. Such contrasts may aid in understanding how
preexisting structures affect segmentation of the Wasatch Front.

4, Joints are the most ubiquitous rock structure, and record much of the
brittle history of a rock mass. However, most methods used to infer the
sequence of jointing are without strong foundation. A few field
geologists have used, with great and productive success, methods that were
developed mostly in research of ceramics. Unfortunately, their reports
are not widely available. A short review by Wheeler summarizes and
extends their methods, and will be submitted to a journal read by most
field geologists.

Reports

Bollinger, G. A., and Wheeler, R. L., 1983a, The Charleston, South Carolina,
seismogenic zone--terrane decoupling and horizontal versus vertical
source geometry, in Hays, W. W., and Gori, P. L., eds., and Kitzmiller,
Carla, compiler, A workshop on The 1886 Charleston, South Carolina,
earthquake and its implications for today, Charleston, South Carolina,
May 23-26, 1983, Proceedings: U.S. Geological Survey Open-File Report
83-843, p. 132-136.

1983b, Seismicity, tectonics, and seismic hazard in the southeastern
United States, in Hays, W. W., and Gori, P. L., eds., and Kitzmiller,
Carla, compiler, A workshop on The 1886 Charleston, South Carolina,
earthquake and its implications for today, Charleston, South Carolina,
May 23-26, 1983, Proceedings: U.S. Geological Survey Open-File Report
83-843, p. 367-370.

Wheeler, R. L., 1983a, Is South Carolina seismically active on a northwestward
projection of the Blake Spur fracture zone?, in Hays, W. W., and Gori,
P. L., eds., and Kitzmiller, Carla, compiler, A workshop on The 1886
Charleston, South Carolina, earthquake and its implications for today,
Charleston, South Carolina, May 23-26, 1983, Proceedings: U.S.
Geological Survey Open-File Report 83-843, p. 150-163.

1983b, Linesmanship and the practice of linear geo-art--Discussion:
Geological Society of America Bulletin, v. 94, p. 1377-1379.
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Seismological Data Processing
9930-03354

Barbara Bekins

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

Investigations

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

Results

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

194 registered users
779223 1024-byte disk storage blocks used
110 login sessions per weekday

Recent events of particular importance include:

The real-time Ppicker is operating smoothly. It has been aug-
mented with a graphics program which plots the events as they occur
on a color monitor. The Unix networking capabilities have been used
daily to transfer data processed by a portable Ppicker system at the
University of Utah.

A program has been written to translate BTRANS tapes digitized
on the Data General Eclipse system to a convenient format for input to
the Spires database system at SLAC.

The Operating system has been updated to perform bad block for-
warding on all disk drives. This is especially important since most of
our disk storage is now of the winchester type. This means that the
disk cannot be removed and reconditioned because of a few bad blocks.
Instead, this software transparently replaces a bad block with another
from a pool of reserved replacement blocks.

A new Vax 11/750 computer has arrived and been installed. Two
400 Mbyte winchester disks and a controller purchased from System
Industries and a new tape drive with 6250 density capability have also
been installed. The tape drive is dual ported to the realtime 11/44
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Seismic Network processing system. A Berkeley 4.2 UNIX system is
running on the Vax system and all user accounts from the 11/70 have
been installed. Some major application programs have been brought
over from the 11/70 including geoplot, hypo71x, and select. Arrange-
ments with Digital Equipment Corporation, System Industries and Com-
puter Marketing Associates have been made to transfer equipment
from the 11/70 to the Vax. In addition equipment upgrades have been
perfiormed where necessary. New IMSL software for Berkeley UNIX on
the Vax has been purchased.
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Crustal Deformation Measurement in Alaskan Seismic Gaps:
Yakataga and the Shumagin Islands

USGS-14-08-0001-21246
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Lamont-Doherty Geological Observatory of Columbia University

Palisades, New York 10964
(914) 359-2900

Investigations

1. Nine short (=1 km) level lines are measured approximately
annually within the Shumagin Islands seismic gap, Alaska. Surface
tilt data are interpreted in terms of tectonic deformation at the
Pacific-North American plate boundary.

2. Four sea-level gauges are operated in the Shumagins to measure
vertical deformation associated with the Aleutian subduction zone.

3. A prototype pore-pressure gauge was installed on Unga Island in
the Shumagins in a preliminary attempt to monitor volumetric strain
changes in the region. A correlation between pore-pressure and
volumetric strain is known to be high in sealed aquifers at seismic
periods and poor in leaky aquifers subjected to long period strains.
Correlations between pore-pressure and tidal strain, atmospheric pres-
sure and rainfall are being investigated. (Funding by Lamont-Doherty
grant.)

4. Because of the occurrence of several moderate earthquakes at the
ends of the Yakataga seismic gap during the summer of 1983, the LDGO
and USGS level 1lines at Cape Yakataga were remeasured. The oppor-
tunity was taken to level geodetically some terraces at Icy Bay in
order to settle a dispute about the height of the terraces above sea-
level (see Jacoby and Ulan, 1983).

Results

1. The levelling results show a steady tilt down towards the trench
at about 0.6 pyrad yr~! between 1972 and 1983, interrupted by a tilt
reversal of about 5 prad magnitude between 1978 and 1980 (Figures 1
and 2). This is interpreted as due to a reverse slip of about 80 cm
magnitude on the plate interface at ~20 to ~70 km depths between 1978
and 1980 (see Reports). The SIM and SMH lines show signals due to the
February 14, 1983 earthquakes just 15 km south of $imeonof Island.
The other lines are too remote to have recorded significant tilts.,

2. One of the three sea-level gauges installed in June 1982 ran all
year, and a second ran until April 1983. The failures were due onmnly
to exhausted batteries. Three of the four gauges installed in July
1983 are still operating (late November 1983). Several of the pres-
sure gauges and all the electronics in the field have been recali-
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brated to check for zero drift, gain changes and non-linearity. The
data suggest that we can measure long-term sea-level to 3 cm, better
than we had previously anticipated. The resolution of the gauges is
such that we have detected coh=rent waves between gauges 40 km apart
with amplitudes of 0.3 mm at 28 minute periods.

3. A Paroscientific Digiquartz Depth Sensor (#8270) with a range of
0-2.7 MPa was embedded at a depth of 40 m in a 2 m section of sand
within a 10 cm diameter unlined borehole. Although the borehole was
partly backfilled with bentonite pellets and the 10 m lined surface
section is capped, it is clear from the data that hydraulic conduits
from the surface to the borehole exist that are active during heavy
rain. The sensor is approximately 30 m below the water—table on the
island and 203 m above sea-level. Attempts to install the sensor at a
greater depth were frustrated by partial blockage of the hole during
installation. Pressure and temperature data are transmitted as 12
minute averages via the GOES satellite. A tidal signal with an ampli-
tude of about 200 Pa peak-to-peak is superimposed on longer period
fluctuations lasting several weeks with amplitudes of several KPa pre-
sumably related to rainfall. The resolution of the system is approxi-
mately 1 Pa.

4, The Lamont-Doherty 2 km N25°E level line at Cape Yakataga was
remeasured in July 1983, The line showed a tilt of 1.4%0,7 pyrad down
towards the north between 1979 and 1983, We also remeasured the USGS
level network, previously measured by Prescott, Savage and others in
1974, 1975, 1979 and 1980. Our measurements were transmitted to USGS
and they give tilt results consistent with those of the Lamont line
(W. Prescott, pers. comm., November 1983).
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Figure 1. Locations and directions of Shumagin Island level lines.
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Remote Monitoring of Source Parameters for Seismic Precursors
9920-02383

George L. Choy
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center, MS 967
Denver, Colorado 80225
(303) 234-4041

Investigations

1. Rupture process of moderate-sized earthquakes. We are applying methods of
seismogram synthesis to study the rupture characteristics of the Coalinga
earthquake of May 2, 1983 and the Yemen earthquake of December 13, 1982.

2. Rupture process of large earthquakes. We are applying methods of
generating waveforms that incorporate source complexity to the study of the
rupture process of large complex earthquakes (magnitude greater than 7.0).

Results

1. From broadband waveforms we have determined the depth, focal mechanism,
moment and associated stresses of the Yemen and Coalinga earthquakes. Both
events were complex ruptures. The Coalinga earthquake consisted of two events
rupturing en echelon fault planes. The Yemen earthquake consisted of two
events rupturing along the same fault plane. The resolution that can be
achieved with broadband data indicates that in general moderate-sized
earthquakes can exhibit complex behavior.

2. We have resolved the details of the large (MS 7.8) Samoa earthquake of
September 1, 1981. The earthquake occurred in two stages, rupturing two
separate faults in an en echelon pattern. The first stage consisted of a
cluster of three events. The second stage consisted of four events linearly
aligned.

Regorts

Choy, G. L., 1983, Broadband body wave analysis of the complex rupture process

of the Samoa earthquake of September 1, 1981l: Journal of Geophysical
Research, submitted.

Choy, G. L., 1984, Source parameters of the Coalinga, California earthquake of

May 2, 1983 inferred from broadband body waves: U.S. Geological Survey
Professional Paper, submitted.
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Earth Structure and its Effects Upon Seismic Wave Propagation
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Investigations

1. Use of body wave pulse shapes to infer earth structure. Many studies of
earth structure have dismissed the effects of source finiteness and source
complexity as secondary to propagation effects. We have been developing
methods of generating synthetic waveforms that can incorporate the frequency-
dependent effects of source directivity and multiple rupture as well as the
effects of propagation through the earth. We are using these methods to
examine the possible bias in determining earth structure that results from
neglect of actual source functions.

2. Source parameters from GDSN data. Extract source parameters from
digitally recorded data of the GDSN by determining corrections to waveforms to
distinguish source effects from propagation effects.

Results

1. Detailed studies of the rupture process using broadband body waves
indicates that moderate-sized earthquakes (mb between 5.8 and 6.5) can rupture
in complex fashion. Besides some shallow earthquakes (the Coalinga earthquake
of 2 May 1983 and the Yemen event of 13 December 1982) we have looked at 20
deep earthquakes. Only about one of every ten deep events generated simple
waveforms. All other events had varying degrees of complexity.

2. After correcting broadband waveforms for propagation effects, we were able
to detail source parameters for earthquakes in Samoa (September 1, 1981; MS
7.8) and Yemen (December 13, 1982; MS 6.0). Stations at distances for body
waves that were diffracted, that interacted with the earth's core and that
touched intermnal caustics provided crucial azimuthal control on the rupture
processes.

Reports
Choy, G. L., 1983, Broadband body wave analysis of the complex rupture process

of the Samoa earthquake of September 1, 1981: Journal of Geophysical
Research, submitted.

Choy, G. L., 1984, FWT (Full Wave Theory) Documentation, in Documentation of
Earthquake Algorithms, World Data Center A for Solid Earth Physics.
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Central California Network Operations
9930-01891

Wes Hall
OFFICE OF EARTHQUAKES, VOLCANOES AND ENGINEERING
Branch of Seismology
345 Middlefield Road, Mail Stop 77
Menlo Park, California 94025
(415) 323-8111, ext. 2509

Investigations

1. Maintenance and recording of 387 seismograph stations, located in
northern California, Central California and Oregon. The area covered
is approximately 83,000 square miles.

Results

1. Consolidated the number of develocorders from 15 machines to 10.

2. Wired 72 seismic stations to prototype RTP.

3. Completed installation of microwave equipment at Mission Peak, Fremont
Peak, and Menlo Park.

4, Completed wire listings which show signal paths from all discriminator
outputs to the inputs of the RTP and 1144 computer.

5. Replaced all Develco discriminators (72 each) with J110 20Hz cutoff
filters.,

6. Began recording dilitometers at Gold Hill.

7. 1Installed two new permanent stations (Ponciano Ridge and Stover
Mountain),
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NORTHWEST U.S. SUBDUCTION ZONE SEISMIC RISK ASSESSMENT
4-9930-03790

Thomas H. Heaton and Stephen H. Hartzell
Branch of Seismology
U.S. Geological Survey
Calif. Inst. of Technology 252-21
Pasadena, CA 91125
(818) 356-6956

Current evidence indicates a convergence rate of approximately 4 cm/yr
between the Juan de Fuca and North American plates. However, there is
disagreement over the degree of coupling (seismic slip/total slip) between the
plates. If there is good coupling, then the area is poised for a major
earthquake.

INVESTIGATIONS

1. The first phase of the work is a comparative study of subduction in
the northwestern United States with other world wide subduction
zones. Due to the lack of large historic earthquakes in the Pacific
Northwest, the seismic risk is evaluated by drawing analogies with
other subduction zones having similar characteristics. Physical
parameters which are considered include; a) plate age, b)
convergence rate, c) shallow seismicity, d) trench bathymetry and
gravity, and e) rupture complexity.

2. Plans call for a cooperative study with Japanese scientists to 1look
at the coastal terraces in Washington and Oregon. These terraces may
offer important constraints on the size and repeat time of major
subduction zone earthquakes.

3. Using the information obtained from investigations 1 and 2, the
potential source characteristics are estimated for a subduction zone
earthquake in the northwestern United States. These characteristics
include a) fault dimensions, b) stress drop, and c) rupture
heterogeneity.

4, The final phase of the project is the estimation of potential strong
ground motion and tsunami hazard based on the results of the above
investigations.

RESULTS

1. The young age of the subducting Juan de Fuca plate (10-15 my) is
consistent with strong coupling due to the lower density and buoyancy
of young crust. Other areas of the world where a young plate is
being subducted include South Chile, Colombia, Alaska, Nankai Trough
(S.E. Japan), and Mexico. All these areas have been the sites of
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major earthquakes. On the other hand, a very young plate may have
too high a temperature and too low a strength to support large
earthquakes.

The subduction rate for Juan de Fuca appears to be 3 to 4 cm/yr which
is a moderate rate on a world wide average. Higher rates of
subduction also appear to increase the coupling and make a major
earthquake more likely.

The shallow seismicity associated with the subducting plate in
Washington and Oregon is very low. Typical old ocean subduction
zones with low coupling such as Marianas, Tonga-Kermadec, and New
Hebrides have a much higher level of small shallow earthquakes.
There is some evidence that strongly coupled zones such as Chile,
Colombia, Alaska, Nankai Trough, (Washington?) are characterized by
quiescence.

Trench bathymetry and gravity for Washington and Oregon is typical of
a young subduction zone and have a striking resemblence to South
Chile, Alaska, and the Nankai Trough.

The characterization of the rupture heterogeneity is an important
component of both the comparison of different subduction zones and
the computation of response spectra for the Washington-Oregon area.
After considering different data sets, the Caltech, 1-90 Benioff
seismometer records were selected to characterize the rupture
heterogeniety of large, shallow thrust earthquakes from different
subduction zones. The 1-90 instrument was chosen because of its
broad bandwidth and long history of operation. Records from the 63
largest, shallow, thrust earthquakes that have occurred in the circum
Pacific since 1938 have been collected and their P-waves digitized.
Time functions for these events have been computed using a
constrained, least-squares inversion. The time functions computed
resolve considerable details (variations with durations down to one
second), reflecting the broad bandwidth of the instrument. These
time functions show considerable variation from event to event, but
there are also systematics in pulse widths and roughness between
different trenches which are being evaluated.

Fourier power spectra have been computed for the P-wavetrains of the
63 large subduction zone earthquakes studied. These spectra yield
information about the nature of the spectral scaling relationships
for large earthquakes. The average s%Fctral fall off between 30 sec
and 2 sec for all the events is ¢« -1, . This result may be adjusted
following an evaluation of the effect of the free-surface reflection

phase on the spectrum.

Using the age-rate relationship vs. maximum magnitude obtained by
Ruff and Kanamori (1980), the maximum projected earthquake is 8.4
(Mw). The worst case model of good coupling everywhere with a
convergence rate of 4 cm/yr and assuming the total area of the Juan
de Fuca - North America convergence zone were to rupture in one event
(approximately 600 km by 200 km), would produce a magnitude 9.0 (M)
earthquake. Some data currently under evaluation, suggests that tﬁe
plate boundary is segmented with different degrees of coupling on
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each segment. If two segments exist, and only one ruptures at a
time, the maximum magnitude earthquake is about 8.7 (Mw).
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LOW FREQUENCY DATA NETWORK

9960-01189

J. Herriot, K. Breckenridge, S. Silverman
U.S. Geological Survey
Branch of Tectonophysics
345 Middlefield Road, MS/977
Menlo Park, California 94025
415-323-8111, ext. 2932

Investigations

1.

Real-time monitoring, analysis, and interpretation of tilt,
strain, creep, magnetic, and other data within the San
Andreas fault system and other areas for the purpose of
understanding and anticipating crustal deformation and
failure.

Compilation and maintenance of long-term data sets free of
telemetry-induced errors for each of the low frequency
instruments in the network.

Development and implementation of graphical display systems
for the purpose of monitoring seismic and surface deforma-
tion activity in real-time.

Installation of satellite-based telemetry system for
reliable real-time reporting and archiving of crustal
deformation data.

Results

1.

Data from low frequency instruments in southern and central
California have been collected and archived using the Low
Frequency Data System. In the six months three million
measurements from 125 channels have been received and sub-
sequently transmitted on the Low Frequency 11/44 UNIX
computer for archival and analysis.

A major effort of the project has been to provide real-time
monitoring of designated suites of instruments, in particu-
lar, geographical areas. Terminals are dedicated to real-
time color graphics displays of seismic data plotted in map
or cross-sectional view or low frequency data plotted as a
time series. During periods of high seismicity these
displays are particarly helpful in watching seismic trends.
This system was appreciated in the recent Morgan Hill
earthquake.



10.

In November Stan Silverman went to Reston to install the
real-time graphics monitoring system there. Thus seismic
activity at Mammoth and other active areas can now be dis-
played directly in Reston.

Work continues on a "creep alarm” system. When finished,
creep events will be detected automatically as they occur
and personnel can be contacted by radio pager or "beeper”.

New software was written to improve access to the Low Fre-
quency data set for the uninitiated. Our goal 1is to
facilitate access to the data without requiring and special
training on our tools.

The project continues to operate a configuration of one PDP
11/44 computer running the UNIX operating system and two
PDP 11/03 running real-time data collection software. This
11/44 has been operational as our analysis machine with
less than 1% down time. The two 11/03 machines operate re-
dundantly for robustness. Accordingly, our real-time
collection has had 0% down time.

An additional DEC PDP 11/23 computer is being added to the
present configuration for the purpose of collecting satel-
lite telemetry data. The  11/23 system is for satellite
telemetry what the 11/03 systems are for telephone-based
telemetry. Once fully operational the 11/23 system will be
made redundant.

A 5-meter satellite receiver dish was installed in Menlo
Park for retrieval of real-time surface deformation data
from Alaska to California, even the South Pacific islands.
The GOES—-6 geostationary satellite together with transmit
and receive stations makes possible a greatly improved
telemetry system. This new system has provided enhanced
data quality as well as more flexibility in locating
instruments over the old telephone-based telemetry system.

Software has been developed to control and collect data
from the newly installed ground receiving station in Menlo
Park. The project has developed special purpose table-
driven software which is very flexible with regard to
adding and changing instrument and platform configurations
while still being efficient on a small PDP 11/23 computer.

The data from the network have been made available to in-
vestigators in real-time. Data only minutes old can be
plotted. Events such as creep events can be monitored
while they are still in progress.
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P-1

The working prediction group of the Branch has made
extensive use of the timely plots which are produced
routinely by the project.

The project continues to develop color graphics and color
hardcopy capabilities for use in real-time seismic dis-
plays. Using the advanced graphics software with color
graphics devices we have demonstrated our real-time seismic
and low frequency data monitoring ability to visiting
government officials, scientific investigators, and public
interest groups.

In October Jim Herriot lead a four person team to install

real-time seismic and related software on a PDP 11/44 com-
puter in China for the Beijing Seismic Network.
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Data Processing Section
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John P. Hoffman
Branch of Global Seismology and Geomagnetism
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Building 10002, Kirtland AFB-East
Albuquerque, New Mexico 87115
(505) 844-4637

Investigations

1. Data Management Center for the China Digital Seismograph Network: Data
processing equipment necessary to process the station tapes from the China
network must be purchased, assembled, and completely tested prior to shipment.
Software programs required to read the station tapes and to assemble the data
into network-day tapes must be written and tested at the Albuquerque Seismolo-
gical Laboratory before the hardware is shipped.

2. Data Processing for the Global Digital Seismograph Network: All of the
digital data received from the global network and other contributing stations
are reviewed and checked for quality.

3. Network-Day Tape Program: Data from the global network of stations are
assembeld into network-day tapes which are distributed to regional data centers
and other Govermment agencies.

4. Event Detection Program: This program has been revised and upgraded, and
will be used on the China Digital Seismograph Network.

Results

1. Data Management Center for the China Digital Seismograph Network: Most of
the hardware for the data management center has been received at the Albuquerque
Seismological Laboratory. All the necessary support equipment including the
uninterruptable power supply system, tape storage racks, batteries, plus all
necessary supplies, have also been received and are being organized for surface
shipment to China. Export licenses for the hardware have been received, and

we are awaiting approval for training the Chinese technicians in the maintenance
and repair of the computer system. This training is scheduled to start in June
1984, and two of the Chinese will receive their training at the Digital Equip-
ment Corporation in Menard, Massachusetts.

2. Data Processing for the Global Digital Seismograph Network: During the
past six months, 626 digital tapes (213 SRO/ASRO, 346 DWWSSN, and 67 RSTN)

from the global network and other contribution stations were edited, checked
for quality, corrected when feasible, and archived at the Albuqueruqe Seismo-
logical Laboratory (ASL). The global network is now comprised of 11 SRO
stations, 4 ASRO stations, and 15 DWWSSN stations, which comprise the Global
Digital Seismograph Network (GDSN) and are supported by the ASL. 1In additionm,
there are six contributing stations which include Glen Almond, Canada, and

the five RSTN stations installed and supported by Sandia National Laboratories.
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3. Network-Day Tape Program: The Network-Day Tape Program is a continuing
program which assembles all of the data recorded by the Global Digital Seismo-
graph Network plus the contributing stations for a specific calendar day onto
one magnetic tape. This tape includes all the necessary station parameters,
calibration data, frequency response, and time correction information for each
station in the network. A fourth edition of the Network-Day Tape Newsletter
containing information on all of the global stations and on the Network-Day
Tape was distributed in November 1983. These newsletters are published twice
a year and copies are forwarded to all digital data users. A surplus PDP 11/70
computer system was received from the Defense Advanced Research Projects
Agency (DARPA) and was installed in November 1983. A new version of the unit
operating system has been installed in the 11/70 and the system is presently
being used to process station tapes, copy network-day tapes, and for the
development of new software.

4. Event Detection Program: The short period event detector algorithm that
has been installed at the SRO and ASRO stations is being written in C language
for implementation on the systems that will be installed in China. Murdock and
Hutt presented a short paper on the algorithm at a recent symposium that was
held in Albuquerque. The paper gave experiences of several investigators who
have implemented the algorithm at other institutions.

Reports

1. Murdock, James N. and Charles R. Hutt, 1984, An Algorithm That Detects and
Analyzes Earthquake Signals - A Fast Signal Detector and Analyzer. Sixth Annual
Ideas in Science and Engineering Symposium of the Institute of Electrical and
Electronic Engineers, Albuquerque, New Mexico, 5 pages.

2. Newsletter:
Hoffman, J. P., R. Buland, and M. Zirbes, Network-Day Tape Newsletter,

November 1984, V. 2, No. 2, 6 pp., available from Albuquerque Seismological
Laboratory, Albuquerque, New Mexico.
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SEARCH FOR PRECURSORS TO EARTHQUAKES IN THE VANUATU
ISLAND ARC BY MONITORING TILT AND SEISMICITY

14-08-0001-G-822

Bryan L. Isacks
Department of Geological Sciences
Cornell University
Ithaca, NY 14853
(607)256-2307

Investigations

During the period between Oct. 1, 1983 and March 31, 1984 the network of
seismograph stations and tiltmeters continued to operate in the central
Vanuatu (New Hebrides) island arc. The network includes twenty seismograph
stations distributed along 500 km of the arc, seven bubble-level tiltmeter
stations, two periodically releveled arrays of benchmarks (1 km aperature),
and a 100 m two—-component long baseline water—tube tiltmeter. Our investiga-
tions include continued examination of the tilt data for possible earthquake
related signals, continued development of the water—tube tiltmeter, and
detailed studies of the evolving pattern of seismicity recorded by the
seismograph network. The most important sequence so far captured includes
three magnitude (Ms) 6 events and one magnitude 7 event. These events
occurred between 1978 and 1981 in a coherent, spatially progressive sequence
located between Efate and Malekula Islands.

Results

l. The six month_period covered by this report was one of the quietest
during the past 5 1/2 years. The largest shallow events within the network
included four magnitude (mb) 5 events in the region of Efate Island. The
three events for which we have at this point received data were not associ-
ated with particularly remarkable aftershock sequences, and produced only the
usual site-related coseismic transients on the tiltmeters. The long baseline
tiltmeter operated well after G. Hade's work on it during August—-September,
1983, Releveling of the Devils Point benchmark array on Efate Island in
November, 1983 showed no significant tilt change, a result that continues the
pattern of stability that followed the large ramp-like tilt signal that
occurred during 1977-1978. That signal may have been a precursor to the
1978-1981 sequence.

2, Analysis of the seismicity data for the 1978-1981 episode was focussed
on developing less subjective methods for describing the time—space develop-—
ment of seismicity, especially in relation to the detection of swarms and the
description of the time-space evolution of aftershock sequences. With the
huge numbers of events accumulating, the standard dot plots of epicenters are
not able to show effectively the very intense and spatially concentrated
zones of seismicity that have emerged. In general the dot plots give only a
very qualitative, low dynamic range indication of the seismicity pattern.
Counting events within a temporal and spatial grid is particularly amenable
to computation and graphical output with a computer. With a gridding system
we have established an average spatial pattern of seismicity against which
swarm or aftershock activity can be more objectively detected. Reanalysis of
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the spatially expanding aftershock zomes of the 1978-1981 events, done in a
less subjective fashion than before, shows that although the spatial expan-
sion remains a characteristic feature, it appears to be more a secondary
peripheral diffusion of seismicity than a major expansion of the rupture
zone, More striking in the aftershock sequences is the very coherent sequen-
tial activation and reactivation of specific small epicentral areas. These
areas are also activated in swarms and foreshock sequences, and probably
represent specific structural features of the interplate boundary that may
produce spatial heterogeneity in stress accumulation and in the ratio of
seismic versus aseismic interplate slippage.

Another clear result for the Efate region is that the swarms, aftershock
sequences and inferred rupture zones of the larger events tend to occur in
the shallow part of the interplate boundary, while a more continuous back-
ground level of seismicity is characteristic of the deeper part of the inter-
plate boundary and adjacent parts of the interacting plates. This down-dip
seismicity may reflect creep along the plate boundary below a shallower level
of seismic stick-slip behavior.

3. Detailed study of the spatial distribution and focal mechanisms of hypo-
centers beneath southern Malekula Island, in the area of a possible major gap
along the arc, shows a volume of seismicity around the interplate boundary
with complex spatially variable focal mechanism orientations. Previous
analysis based on HYPO71 locations has been redone with HYPOINVERSE. Refined
determinations of the Vp/Vs ratios, study of the precision of relative loca-
tions, and study of the effect of velocity models on focal mechanism determi-
nation have been done. The complexities in the seismicity beneath southern
Malekula, suggestive of a "locked” segment of the plate boundary, remain.

Reports

Marthelot, J.-M., J.-L. Chatelain, B.L. Isacks, R.K. Cardwell, and E.
Coudert, "Seismicity and Attenuation in the Central Vanuatu (New Hebrides)
Islands: A New Interpretation of the Effect of Subducting the D'Entre-
casteaux Fracture Zone", submitted to J. Geophys. Res., 1984,
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Analysis of Seismic Data from the Shumagin Seismic Gap, Alaska
USGS-14-08-0001-21299

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

Investigations

Digitally recorded seismic data from the Shumagin seismic gap in the
eastern Aleutian arc, Alaska, are analyzed for detecting space—~time
variations in seismicity, focal mechanisms, and of dynamic faulting
parameters that could be precursory to a major earthquake expected in
this seismic gap. The seismic results obtained from the network data
are being integrated with crustal deformation data that are indepen-—
dently collected, with volcanicity data of nearby Aleutian volcanoes,
and with teleseismic information, to identify basic tectonic processes
which may be potentially precursory to a great earthquake.

Results

1. Conditional Long-Term Probabilities. An analysis of the recur-
rence periods of historic earthquakes in the Aleutian arc (Jacob,
1984) has been completed and allows estimates of the basic conditional
long-term probabilities for great earthquakes (M, > 7.8) in the
Shumagin seismic gap and all other major plate boundary segments of
the Aleutian arc between 164°E and 140°W, including three other poten-—
tial seismic gaps 1in the Yakataga, Unalaska and Kommandorski seg-
ments. Results indicate (Figure 1) that for the 20-year period 1983
to 2003 the Shumagin Gap has a 30 to 997 conditional probability to
rupture in one or several great earthquakes. This is one of the
highest known probability levels for future great earthquakes anywhere
in the U.S. Long-term probabilities for the Yakataga, Unalaska (less
certain), and Kommandorski Islands seismic gaps are only slightly less
than that of the Shumagins, but are much higher (i.e., >30%) than for
arc segments that broke more recently in 1965, 1964 and 1957 in which
the conditional probabilities for great earthquakes during the same
time period (1983-2003) measure all less than 20%. The large uncer-—
tainty margin (e.g., 30 to 99% for the Shumagins) stems from the rela-
tively short historic record of Aleutian seismicity (<~200 years) and
from the uncertainty whether recurrence periods are normally, log-
normally or statistically otherwise distributed.

2. Seismicity Patterns. The seismicity patterns earlier detected
(see Beavan et al., 1983; Hauksson et al., 1984) are essentially
confirmed by recent analyses and show the following features: (a)

Network data (Figure 2) yield relatively high levels of seismicity
near the down-dip end of the main thrust zone (~40 km). Below that
depth intra-plate seismicity in the dipping plate is moderately high
to depths of =100 km, and above that depth (40 to O km) moderately
high activity is concentrated on a steeply dipping feature above the
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'aseismic front' that cuts through the overriding plate (near the
center of section C-C', Figure 2). The shallow portion of the gently
dipping main thrust zone located between the 'aseismic front' and the
trench remains relatively quiescent. (b) The long-term teleseismic
pattern for the period 1963 to 1983 (Figure 3) conforms to that seen
by the network data. It may be loosely described as resembling an
often quoted 'doughnut-pattern', although the pattern is only more or
less developed depending on the cut~off level of the magnitudes
considered. (c) The previously reported coincidence in 1978 to 1980
of a reversal in crustal tilt, rise in overall network seismicity
rates, and lack of volcanicity of Pavlof Volcano with a deep-seated
(30-80 km), mostly aseismic slip event (of ~80 cm amplitude; Beavan et
al., 1983), has now been shown to also coincide with a clustering of
unusual seismicity at depth (>100 km) within the descending slab
directly beneath Pavlof Volcano which remained volcanically quiescent
at the time of the deep seismicity (Figure 4). In addition, focal
mechanisms in the descending slab at depth from about 40 to 100 km
reversed polarity thus indicating a temporal reversal of slab stresses
during the anomalous slip event. The slip event at depth is believed
to have brought the shallow unbroken thrust zone closer to failure.

References
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Socorro Magma Bodies
4-9920-03379
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Branch of Global Seismology and Geomagnetism
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(505) 844-4637

Investigations

1. Albuquerque Basin Seismicity
2. San Acacia Earthquake

3. Source Parameters

4., Q

5. Crustal Structure
6. Instrumentation
Results

1. The last two widely felt earthquakes in Albuquerque occurred on November
28, 1970, and January 4, 1971. These events have been reanalyzed with the
following results: The two earthquakes occurred in almost the same place; the
epicentral distance is 25.3 km from station-ALQ for the November 28 shock and
25.5 km for the January 4 shock., The epicenters are at 35.1 N, 106.7 W. A
composite fault plane solution suggests strike-slip faulting on a fault
striking N20°E and dipping 60°W. The fault plane solution is not well
constrained.

A first draft of a report summarizing USGS seismicity studies near Albuquerque
is being drafted.

2. Steve Jarpe has completed his analysis of the M. 4.0 earthquake that
occurred near San Acacia in March 1983. The earthquake sequence contained
about 300 shocks in the three-week study period. Well locatéd earthquakes had
focal depths between 5 and 8 km. The 30 best hypocenter locations define a
planar area striking NNW and dipping 50°NE. This plane is in good agreement
with the fault plane solution for the main shock, which suggested normal
faulting on a generally N-S striking fault. The entire sequence was located
in the center of surface uplift defined by level-line data.

3. John Ake is studying 2 earthquake swarms ( > 700 events that were observed
near Socorro in 1983. Cross correlation of P-phase wave forms for events up
to magnitude 1.2 reveal duplicate phases. The first zero crossing is constant
at 0.36 + 0.003. This observation will allow calculations for rupture
duration, source radius, and stress drop for earthquakes in the swarm with
magnitudes above 1.2.
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4., Phil Carpenter has determined apparent Q for upper crustal rocks near

Socorro by studying the spectra of n 400 digitally recorded earthquakes in the
magnitude range -0.8 to 1.2. He found Q values of less than 50 for most
Phanerozoic rock sections. The average Q's for the Socorro area is greater

than 500; but localized zones of lower Q, possibly related to magmatic intrusionms,
were located.

5. Our paper summarizing crustal structure in northwestern New Mexico was
revised after review by the B.S5.S5.A. and was accepted for publication.

A feasibility study for determining crustal structure along a line between
Datil, New Mexico, and Flagstaff, Arizona, using explosions as energy sources
is being done. A field trip to locate prospective sites and arrange for
timing shots in coal and copper mines is planned for this summer.

6. In October, field recording units were deployed for large explosions at
White Sands Missile Range and Kirtland Air Force Base.

In January, field recorders were installed at and around Gran Quivira
National Monument to monitor a micro-earthquake swarm.

During February and March, a series of 1,000 1b. bombs were exploded under-
ground at Kirtland Air Force Base. We recorded the shots along a 25 km
long line in the Rio Grande rift.

Reports

1. Jaksha, L. H., and Evans, D. H., 1984, Reconnaissance Seismic Refraction -
Reflection Studies in Northwestern New Mexico, Bulletin of the Seismological
Society of America, (in press).

2. Wong, I.G., Cash, D. J., and Jaksha, L. H., 1984, The Crownpoint, New
Mexico, Earthquakes of 1976 and 1977, Bulletin of the Seismological Society
of America, (in review).
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Instrument Development and Quality Control
9930-01726

E. Gray Jensen
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - MS 977
Menlo Park, California 94025
(415) 323-8111, ext. 2050

Investigations

This project supports other projects in the Office of Earthquakes,
Volcanoes, and Engineering by designing and developing new instrumentation
and by evaluating and improving existing equipment in order to maintain
high quality in the data acquired by the Office. During this period some
personnel from this project were assigned to other projects on a part—time
basis.

Results

With the assistance of this project the first two links of microwave
transmission system for seismic telemetry has been installed. These links
from Fremont Peak to Monument Peak and from Monument Peak to our Menlo
Park office are currently operational and should soon be carrying seismic
data. This project also participated in the preparation, testing and
installation of an automatic seismic network event digitizing system
employing a PDP 11/44 computer in the People's Republic of China. In
addition a time comparison circuit has been designed which will allow
portable seismic event recorders in the PRC to the synchronized with radio
time.

A member of this project traveled to Guatemala to reestablish and
rehabilitate a seismic network consisting of about 20 stations. Following
the Idaho earthquake support in the form of deployment or maintenance was
provided for the GEOS, 5-day and Seismic Cassette Recorders. Testing and
evaluation of various types of timing and positioning systems including
Omega, Loran~C and Transit satellite systems has been performed to
determine suitibility seismic field use.

A circuit for measuring and displaying time difference of IRIG-E and
WWVB time codes on 5-day tape playback equipment was designed and is
operating well. A special, stable VCO was installed at the Gold Hill
dilatometer site to allow telemetry of very long period data. Technical
assistance has been provided in selecting and acquiring HF radio
communications equipment for use in the Mammoth Lakes area. Emergency
generator backup power is now installed on the RTP as well as the Low
Frequency Telemetry computer.

An Ethernet system has been installed which allows communication
between Office VAX computers and will soon be connected to systems
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outside the Office. 1In addition numerous terminal lines and port
connections have been added. Ongoing maintenance has been performed for
the Seismic Cassette Recorders, radon equipment, film digitizers and
various other equipment. During this period 200 discriminators were tuned

and tested, 100 radio units were repaired and 80 seismometers were
calibrated.
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Investigations

1.

Results

1.

Operation and maintenance of the southern California seismic network
continued through the reporting period without significant failure.
At present 248 instruments are telemetered to Caltech for analysis
including two new stations (CBK and CMPV).

Routine processing using stations of the southern California
cooperative seismic network was continued for the period October
through March 1983. Routine analysis includes the timing of phases,
event location and preliminary catalog prodution using the newly
developed CUSP analysis system.

We model the performance of a hypothetical system to provide short-
term warning (less than several minutes) of imminent strong ground
motion from significant earthquakes. In large earthquakes of great
rupture length, significant damage often occurs at large distances
from the epicenter. It is theoretically possible to construct a
system that would almost instantaneously detect the occurrence of
strong ground motion in the epicentral area of significant
earthquakes. This information would then be broadcast to areas that
may be strongly shaken when seismic energy propagates to them.
Automated safety responses could then be initiated before the
occurrence of strong shaking. For example, there is evidence that
the great 1857 California earthquake initiated in the vicinity of
Parkfield which is 1located 275 km northwest of metropolitan Los
Angeles. Thus, significant shaking in the Los Angeles region
probably did not occur for at least a minute after the origin time of
the earthquake. We compute the distribution of warning time as a
function of the severity of ground shaking from a hypothetical
collection of earthquakes having a normal magnitude-frequency
relationship.

The CUSP off-line network processing software used by C.I.T. for
routine processing was expanded to include the creation of ASCII
formatted card image monthly phase tapes (access tapes).

We conclude that significant warning times are likely for areas that
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are strongly shaken in very large earthquakes. However, we find that
relatively frequent, short-rupture length, moderate-sized earthquakes
are the most likely origin of ground acceleration levels of about 0.2
G. Thus, of the areas to receive this level of shaking, less than
50% can expect warning times of great than 5 seconds. However, large
areas of very strong shaking, are only produced by very large
earthquakes. Of the area expected to experience ground accelerations
of 0.6 G, at least 50% can expect a warning time of over 20 seconds.

Publications

Heaton, T.H., and S.H. Hartzell (1984). Modeling the warning times produced
by a hypothetical seismic early warning system, Earthquake Notes, vol. 55,
No. 1.
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SEISMIC PARAMETERS OF THE ARKANSAS EARTHQUAKE SWARM
14-08-0001-21245

A, C. Johnston and A. G, Metzger
Tennessee Earthquake Information Center
Memphis State University
Memphis, TN 38152
(901)-454-2007

INVESTIGATIONS AND RESULTS

The Arkansas swarm began on January 12, 1982, close to the town of Enola,
Arkansas, about 50 km north of Little Rock, and approximately 165 km southwest
of the New Madrid seismic zone. Over 30,000 earthquakes have been recorded by
the Tennessee Earthquake Information Center's (TEIC) temporary seismic network
since the swarm initiated, and activity continues to the present. In this
project we concentrated on a detailed study of the 88 events digitally record-
ed during a period from June 24 to July 5, 1982, in a cooperative project of
TEIC and USGS. From the seismic data alone we are not able to answer the
question of why and how the Arkansas swarm began. However, several points of
interest have been developed in this preliminary analysis. 3

(a). The source volume of the swarm is small, about 45 km . The episod-
ic nature of swarm activity indicates a periodic and very 1localized
accumulation and relaxation of stress within small volumes inside the source
zone. It seems unlikely that this region is a candidate for a major earth-
quake (e.g. magnitude 6.0 or greater) because of the small source volume, the
inferred highly fractured nature of the source volume, and the shallow depth
of the swarm.

(b). The Vp/Vs ratios of the 88 events determined from Wadati plots
fluctuate in a range from as low as 1.59 to as high as 1.78 (and nearly 1.90
for individual ray paths). Most of the best determined Vp/Vs values fall
around 1.67 to 1.70, which is lower than the 1.78 recommended in HYPO71 (Lee
and Lahr, 1975) and the 1.73 representative of Poissonian solids. Also the
Vp/Vs values show very clear spatial and temporal variations during this
12-day period. The introduction of open fractures into previously competent
material decreases the Vp/Vs ratio. Because of the great number of
microearthquakes during the past two years (§30,000 in a 45 kmdvolume or
roughly a "density" of >650 earthquakes/km”) we expect that the rock of the
swarm source volume must be highly fractured. If a highly fractured region
were saturated with 1less rigid materials such as water or even magma an
increased Vp/Vs would result. Closing of pre-existing cracks also would
increase Vp/Vs. We conclude from the high Vp/Vs variability in the Enola
region that extensive fracturing is present, and these cracks can either close
or resaturate on a very short time scale (hours).

(e¢). Anomalous negative P and S travel time residuals are found along
the path immediately north of the center of the swarm toward the station MHC
about one day prior to the major 3.8 event. Also Vp/Vs for this path
increases to 1.80-1.90 during this period. The negative travel time residuals
indicate that both P and S waves are traveling faster toward station MHC than
to all the other stations. Therefore we suggest that a small region of ano-
malous seismic wave velocities must have formed about one day before the 3.8
event at shallow depth (probably less than 4 km) very close to station MHC.
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This anomalous zone is located in the compressional quadrant of the foecal
mechanism for the anomalous events (mechanisms 4,5,6,7, Fig. 1). Local reo-
rientation of the prevailing NE-SW compressive stress in this region may
result from the seismic strain induced by nearby earthquake sequences or
perhaps by the strain build up for the impending M3.8 event. The stress reo-
rientation causes cracks to close in the anomalous zone; therefore seismic
wave velocities increase dramatically. The process of concentration and
relaxation of the stress field may repeat and migrate throughout the swarm
region resulting in the episodic sequences of swarm activity. The observa-
tions presented here are strictly qualitative and short term. We are not able
to answer whether the velocity variations observed for this sequence are typi-
cal for the swarm area or unique for the time period we analyzed.

(d). Two strong secondary arrivals are clear, especially on seismograms
recorded at MHC. These secondary arrivals can be seen most clearly on the
vertical component seismograms and sometimes even show larger amplitude than
the first P arrival. They are very easily misidentified as S arrivals if only
vertical component seismograms are available. Four inferences that can be
drawn from the study of these two secondary arrivals are listed below. (1).
The fact that these two secondary arrivals are most prominent on vertical com-
ponent seismograms suggests that they must be P waves. (2). That their
amplitudes are sometimes larger than the first P arrival indicates that they
are not reflected P waves. (3). The epicentral distances to station MHC
(from 2 to 4 km) are in general less than the focal depths (from 4 to 7 km),
which suggest that these two arrivals are not refracted waves from horizontal
layer interfaces. (4). The steeply incident ray paths from earthquakes to
MHC eliminate the possibility that seismic phase conversion can occur at the
horizontal interfaces between the layers above the hypocenters. Study of the
nature of these two arrivals is still under investigation. However, it is
clear that they must be S to P converted phases from two deep discontinuities.

(e). The hypocenters clustered tightly as earthquake sequences and
migrated within a volume of about 45 km3as the activity developed during this
12-day period. Composite focal mechanisms for groups of earthquakes closely
related in time and space all indicate predominantly strike-slip faulting on
NNE or ESE fault planes (see Figure). These focal mechanisms yield stress
axis orientation consistent with those obtained in the New Madrid seismic zone
(e.g. Herrmann and Canas, 1978) about 165 km to the northeast. Thus the
Arkansas swarm region is subject to a similar stress regime as the nearby New
Madrid zone; however, the two zones are unrelated in terms of geologic crus-
tal structure. No surface faulting was reported in the swarm region. Focal
depths of the 88 events presented in this study range from 4 km to 7 km, which
extends from the lower sedimentary layers into the basement rock.

REPORIS AND PUBLICATIONS
A summary of the early phases of this project may be found in USGS Open-File
Report 83-918, 1983.

Chiu, J.M., A.C. Johnston, A.G. Metzger, L.Haar and J. Fletcher, Analysis
of Analog and Digital Records of the 1982 Arkansas Earthquake Swarm,
accepted for publication, Bull., Seismo. Soc. Amer., 1984.

Gracey, G.D., J.M. Chiu, and A.C. Johnston (1984). Focal Mechanism and
Seismic Wave Velocity Studies of the Arkansas Earthquake Swarm, EOS Irans,
Amer., Geophys., Union (abstr),65, 16, p. 2U1.
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Figure 1. Summary of the composite focal mechanism for seven group
of events that occurred during a period from June 24 to
July 5, 1982 in the Arkansas swarm region.
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TILT, STRAIN, AND MAGNETIC MEASUREMENTS
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Branch of Tectonophysics
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345 Middlefield Road, MS/77
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(415) 323-8111, ext. 2132

Investigations

1.

To 1investigate the mechanics of failure of crustal
materials using deephole and surface strainmeters,
tiltmeters and arrays of absolute magnetometers.

To 1investigate real-time records of these and other
parameters for indications of incipient failure of the
earth's crust.

Results

1.

Surface observations of aseismic fault displacement (fault
creep) exhibit episodic behavior (creep events) whose
sources are typically limited in extent and complex in
character. Strain, tilt and displacement data obtained
near and across the fault segments where these events are
occurring indicate that they are triggered by deeper slip
of 1longer duration. The apparent rupture velocities
obtained by replicating the strain data with simple
quasistatic models of the deep creep are about 1 km/day or
less. These are much slower than the inferred slip or
rupture velocities obtained from creep onset times at
adjacent creepmeters and could explain the general corre-
spondence over periods of months between higher than normal
average creep and higher rates of bution episodes with
timescales of several weeks resulting from deep creep is
easily detected with small 2-dimensional arrays of low-
noise borehole strainmeters or from continuous cross-fault
displacement data at 0.0l ppm sensitivity on 1 to 5 km
lines. Routine detection and quantification of these
episodes could allow prediction of related moderate magni-
tude earthquakes, at least in the creeping/locked transi-
tion zones at Parkfield and San Juan Bautista on the San
Andreas fault.

Magnetic fields were recorded at five sites on Mt. St.
Helens over a 20 day period, which included a dome
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extrusion-eruption of the volcano. Two of the magneto-
meters located in the crater measured reversible magnetic
changes, which correspond to fluctuations in tilt measured
nearby. However, the correlation is highly nonlinear.
Electric fields were measured on the east flank of the
volcano near 1its summit to search for electrokinetic

effects. They show no correlation with the magnetic
changes and in the long term are uncorrelated with eruptive
activity. Our favoured interpretation of the magnetic

changes is that they result from piezomagnetic changes in
the magnetization of the volcano induced by eruption
stresses. Their reversibility rules out pressure induced
magnetization as the dominant mechanism and places an upper
limit of 0~300 bars on the stresses., The limited spatial
extent of the magnetic anomaly field places the source of
stress at shallow depth beneath the crater floor consistent
with models based on strain data.

Seven to ten years of data from a large magnetometer array
throughout central and southern California is wused to
define the characteristics of secular variation of the
earth's geomagnetic field across this zone. During this
period, a well determined rate of secular variation can be
obtained at each location by simple linear 1least-square
fits to the data but these rates vary from site to site.
Least-square surface fits to the rate data indicates
secular variation decreases in a general south-easterly
direction from -45.0 nT/a near San Francisco to -54.0 yT/a
near the Mexican border. Deviations of as much as 1.0
nT/yr occur on scales of a few tens of kilometers. This
results from differences in local induction and remanent
magnetization and may be corrected by determination of a
site transfer function. When compared with IGRF and other
techniques for predicting secular variation at this
location, discrepancies in both amplitude and mean isogram
directions of 10 pT/a and 30°, respectively, occur.
Correction for site response appears necessary at observa-
tions where local magnetization response can bias estimates
of secular variation.

In an attempt to observe magnetic events related to changes
in crustal stress, the U.S. Geological Survey has operated
a network of proton magnetometers (PMs) near active faults
in California for the past decade. We present different
data taken simultaneously using self-calibrating rubidium
magnetometers (SCRs) and PMs colocated at two of these
sites. Over a 13-km baseline the SCR data are up to a
factor of 10 quieter for periods less than one hour, but
the PM and SCR data are both dominated by external geomag-
netic noise for longer periods. In Colorado, SCR data were
observed on a 13-km baseline and were processed using a
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noise reduction technique. For periods longer than one
hour, the residuals were a factor of four quieter than the
USGS PM instrument noise levels. A comparison of SCR and
PM differences over a short baseline shows that the SCR
differences are 30 dB quieter than the PM instrument noise
level for periods 1less than one hour. These results
indicate that the detection threshold for typical USGS PM
data is significantly limited by instrument noise in Cali-
fornia for periods ranging up to one hour, and for longer
periods in Colorado.
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Earthquakes and the Statistics of Crustal
Heterogeneity

98930-03008
Bruce R. Julian
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U.S. Geological Survey
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Menlo Park, California 94025
(415) 323-8111 ext. 2931

Investigations

Both the initiation and the stopping of earthquake ruptures are
controlled by spatial heterogeneity of the mechanical properties and
stress within the earth. Ruptures begin at points where the stress
exceeds the strength of the rocks, and propagate until an extended
region ("asperity') where the strength exceeds the pre-stress is able
to stop rupture growth. The rupture termination process has the
greater potential for earthquake prediction, because it controls
earthquake size and because it involves a larger, and thus more easily
studied, volume within the earth. Knowledge of the distribution of
mechanical properties and the stress orientation and magnitude may
enable one to anticipate conditions favoring extended rupture
propagation. For instance, changes in the slope of the earthquake
frequency-magnitude curve {"b-slope"), which have been suggested to
be earthquake precursors and which often occur at the time of large
earthquakes, are probably caused by an interaction between the
stress field and the distribution of heterogeneities within the earth.

The purpose of this project is to develop techniques for
determining the small-scale distributions of stress and mechanical
properties in the earth. The distributions of elastic moduli and density
are the easiest things to determine, using scattered seismic waves.
Barthquake mechanisms can be used to infer stress orientation, but
with a larger degree of non-unigueness. Some important questions to
be answered are:

**  How strong are the heterogeneities as functions of length scale?
**  How do the length scales vary with direction?
**  What statistical correlations exist between heterogeneities of

different parameters?

**  How do the heterogeneities vary with depth and from region to

region?

Scattered seismic waves provide the best data bearing on these
questions. They can be used to determine the three-dimensional
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spatial power spectra and cross-spectra of heterogeneities in elastic
moduli and density in regions from which scattering can be observed.
The observations must, however, be made with seismometer arrays to
enable propagation direction to be determined. Three-component
observations would also be helpful for identifying and separating
different wave types and modes of propagation.

The stress within the crust is more difficult to study. Direct
observations require deep boreholes and are much too expensive to be
practical for mapping small-scale variations. Earthquake mechanisms,
on the other hand, are easily studied and reflect the stress orientation
and, less directly, its magnitude, but are often not uniquely
determined by available data.

This investigation uses earthquake mechanisms and the
scattering of seismic waves as tools for studying crustal heterogeneity.

Results

Dike-intrusion earthquake mechanisms

During the last six months further investigations have been
conducted, in cooperation with Dr. Stuart Sipkin of the Branch of
Global Seismology, into the processes responsible for the non-double-
couple mechanisms of many of the earthquakes that have occurred
since 1978 in and near Long Valley caldera. A paper on this work was
presented in December at the 1983 Western National meeting of the
AGU, which was held in San Francisco.

Most investigators now agree that several of the largest Long
Valley caldera earthgquakes of May, 1980 had non-double-couple
earthquake mechanisms. A controversy has arisen, however, about
the physical process responsible for these unusual mechanisms: are
they caused by accidental occurrence of pairs of earthguakes at
nearly the same time, or are they caused by a process {for example
tensile failure at high fluid pressure) whose equivalent force system is
inherently not a double couple? Most project work during the last 8
months has been aimed at answering this question.

Waveform modelling - The results of inversion of digitally-
recorded long-period waveforms do not support the multiple-event
hypothesis. Derived source-time functions show no indication of
double peaks, which would be expected if the earthquakes are multiple
events. Even more convincingly, the moment tensors show no
significant change in orientation with time. Analysis of other
earthguakes, such as the May 1983 Coalinga event, has shown that
changes in fault orientation of as little as 10° can easily be detected.
The multiple-event hypothesis is also inconsistent with synthetic
broad-band waveforms constructed by deconvolving long- and short-
period digital data: for one non-double-couple event in particular
(which occurred at 1450 UTC on May 17, 1980) the broad-band
waveforms are strikingly simple, and not at all like those expected for
a multiple event.
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Dynamics of fluid-driven cracks - Aki has recently pointed out an
apparent inconsistency in the interpretation of the Long Valley caldera
earthquakes in terms of tensile failure. The first motions expected
from such a source should be compressive everywhere, whereas the
observed first motions are rarefactional in a band of the focal sphere
centered on the plane of the inferred crack. Aki suggested that the
true first motions would be very small over this part of the focal
sphere, and that a later, much larger compression might be
mistakenly identified as the first motion. Aki supported this idea with
data that showed that the arrival times reported for signals with
compressive first motion directions are systematically earlier than the
times for rarefactional signals. To better understand this question, we
have conducted finite-difference numerical calculations of the
dynamics of an extending fluid-filled crack. We find that the far-field
signals do indeed consist of a small high-frequency compression
followed by a lower-frequency rarefaction, much as Aki predicted they
would. We plan to conduct a detailed comparison of the observed
waveforms with those predicted for a fluid-driven crack, taking into
account crustal reverberations and seismograph response.

Dilatometer installation - In order to gather data bearing on the
earthquake mechanisms, a Sacks-Evertson dilatometer was installed
last fall near the Devil’s Postpile, immediately southwest of Long Valley
caldera. As soon as roads in the area are cleared of snow (expected by
mid-June), a small building will be constructed and electronic
recording equipment will be installed. This instrument will provide
high-sensitivity measurements of areal strain changes, and can also be
used as a high-quality seismometer. Such instruments have proven
useful for monitoring dike propagation in Japan, Iceland and other
volcanic areas.

FEarthquake location - A new computer program for has been
written that uses seismic-wave arrival data to estimating the locations
and origin times of earthquakes. This program offers several
operational advantages over those previously available: it is small
enough to run on a small minicomputer and still allow space for
several hundred readings; it allows users easily to change
computational algorithms, earth models, etc.; it will require little or no
modification to run on virtually any type of computer; and it is about
ten times faster than other programs in current use. The program
also offers several important seismological advantages: it provides
confidence regions for earthquake locations that are much more
realistic than those normally available, which are based on
unreasonable assumptions about the sources of error; it can deal with
multi-branched travel-time curves, thus taking advantage of the
information contained in later arrivals and aiding in correctly
associating these arrivals with earthquakes; and it is capable of using
array slowness and azimuth data, as well as arrival times. A open-file
report describing the use of the program is planned, as is a scientific
paper on technical aspects of estimating earthquake location.
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Pasadena, California 91125 (818-356-6914)

Investigations

The 1983 Akita-Oki Earthquake (M, = 7.8) and Its Implications for
Systematics of Subduction Earthquakes

Results

Ruff and Kanamori (1980) found an empirical relation between the
magnitude of the characteristic earthquake for a given subduction zone, the
convergence rate V and the age of the subducting plate T. The relation is:

M' = -0.00953T + 1.143V + 8.0l )

(T in M year, V in cm/year), where M', is the magnitude of the characteristic
earthquake for each subduction zone.

Figure 1 shows the relation between M'_ predicted by this relation and
that observed for various subduction zones. The magnitude can be predicted
reasonably well from the plate parameters V and T. Although the empirical
relation is valid for the ranges of V and T used to comstruct it, its
applicability to plate boundaries with extreme values of V and T is somewhat
questionable. For example, when the subducting plate is very young, it may
not be mechanically competent enough to cause large earthquakes. If the
convergence is very slow, the repeat time is very long and the plate boundary
becomes essentially aseismic. Hence, it is important to know the ranges of V
and T where this empirical relatiom is valid.

Heaton and Kanamori (1984) applied relation (1) to the Juan de Fuca
subduction zone in the Pacific Northwest. The Juan de Fuca subduction zone
has a slow convergence rate, about 3.5 cm/year, and a very young, 15 M years,
subducting plate (Figure 3). Empirical relation (1) would predict an M' of
about 8.4.

In order to investigate the applicability of empirical relation (1) to
subduction zones with a very slow convergence rate and a young subducting
plate, we examined the mechanism of the 1983 Akita-Oki, Japan, earthquake (May
26, 1983, 02 59 59,65 UT, 40.482°N, 139.102°E, 24 km, m, = 6.8, Ms =
7.7). This earthquake is unique because most large earthquakes in Japan occur
on the Pacific coast side and large events seldom occur on the Japan Sea
side. In fact, for at least the past 400 years, no large earthquake is known
to have occurred near the epicenter of the Akita-Oki earthquake.

We used long-period (256 sec) surface waves recorded at IDA
(International Deployment of Accelerographs) and GDSN (Global Digital
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Seismographic Network) stations. Twenty-eight Rayleigh-wave phases and twelve
Love-wave phases are inverted to determine the mechanism. Since the first-
motion data reported by Shimazaki and Mori (1983), Takahashi et al. (1983),
Tohoku University and Hirosaki University (1983) and Ishikawa et al. (1983)
indicate a dip angle ranging from 25° to 34°, we constrained the dip angle to
be 30° and inverted the data to determine the strike, slip angle and the
seismic moment. The result is shown in Figure 2. This solution is
constrained very well by the data and agrees well with the solutions by other
investigators. The mechanism is almost pu§$ dip slip on a plane dipping 30°E
or 60°W, with a seismic moment M_ = 5.9x10%/ dyne-cm (M, = 7.8). The
distribution of the aftershocks determined by Sato et al. (1984) suggests that
the plane dipping 20° to 30°E is the fault plane. However, Suyehiro et al.
(1984) caution that the results obtained from the ocean bottom seismograph
network do not provide conclusive evidence for this choice of the fault

plane. If the dip angle is different from 30°, the moment should be changed
to M sin 60° / sin 2 &, where § is the dip angle.

Recently several investigators (Nakamura, 1983; Kobayashi, 1983; Senoc and
Eguchi, 1983) suggest that the plate boundary between the Eurasia and North
American plates lies along the Japan Sea coast (see Figure 2). According to
this model, northern Honshu, Hokkaido and Sakhalin are on the North American
plate. If this geometry is correct, then the global plate model RM2 of
Minster and Jordan (1978) implies convergence at the rate of 1.1 cm/year in
the direction of N84°W at the epicenter of the Akita—-Oki earthquake. This
direction is very close to our preferred slip direction of the Akita-Oki
earthquake. Thus the location and the geometry of the Akita-Oki earthquake
are consistent with the idea that the present—day boundary between the Eurasia
and North American plates is along the Japan Sea coast. In this case, the
Akita—-Oki earthquake can be considered as a subduction event that occurred on
a very young (15 M years) and slowly-converging (l.1 cm/year) plate boundary.

Applying empirical relation (1) to Japan-Sea plate boundary we obtain M'w
= 8.0 assuming V = 1.1 cm/year and T = 15 M years. This compares well with
the observed magnitude of the Akita-Oki event. The good agreement between the
predicted and observed magnitudes suggests that the empirical relation is
valid for subduction zones with very small T and V such as the Juan de Fuca
subduction zone, Pacific Northwest.

Reports and Publications
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Figure 1. The magnitude of the characteristic earthquake for
various subduction zones. The vertical axis: Predicted
values from the convergence rate V(cm/year) and the age of
the subducting slab T(M vears). Horizontal axis: Observed
values. (Ruff and Kanamori, 1980, Kanamori, 1983). The
closed and open svmbols denote subduction zones with and
without active back-arc opening respectively.
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Figure 2. Schematic figure showing the plate geometry in the Northern
Japan. The epicenter of the 1983 Akita-Oki earthquake is shown by
a circled x. The inset shows the mechanism (lower focal sphere in
Wulff projection) of the 1983 Akita-Oki earthquake. The convergence
rate and the direction at the epicenter predicted by Model RM2 of
Minster and Jordan (1978) are shown.
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SEISMICITY, TOPOGRAPHY AND PRE-EARTHQUAKE

LOADING PROCESSES ALONG THE SAN ANDREAS SYSTEM

Contract No. 14-08-0001-21282

John Kelleher
REDWOOD RESEARCH, INC.
San Mateo, CA 94401

(415) 342-8276

Investigations

Research supported under this contract includes a) an investigation
into the relationship between topographic features and the locations
of larger strike-slip earthquakes along the San Andreas system

b) a study of the depth distribution of events along the San Andreas
system. Some evidence suggests a time-dependent component to deeper
earthquakes (h® 10 km) whereby the distribution of deeper events

may be an important indication of regional stress accumulation.

c) continued study of the patterns of seismic activity which precede
larger strike-slip earthquakes.

Results

The major result to date concernes the regularities observed in the
patterns of seismicity preceding strike-slip earthquakes. An in-
creasing number of examples have been found in which the mainshock

is preceded by a migration of seismic activity approximately in

the direction of maximum compressive stress, and toward the rupture
surface. In addition comparable patterns have been found before
thrust-type earthquakes within the overthrusting blocks. The examples
are not numerous enough to suggest a process which universally pre-
cedes earthquakes. Rather the evidence suggests that some earth-
quakes may be preceded by a geometrically simple pattern of seismicity
which may be recognizable. A further implication is that some
strike-slip and thrust-type earthquakes may have more in common than
do strike-slip events as a class.

Our tentative interpretation is that the stress accumulation process
which precedes these earthquakes and generates the seismicity patterns
may itself be simple geometrically. Furthermore, this simple geometry
stress accumulation may not always be expressed seismically and
therefore may occur more commonly than the relatively few examples

of seismicity referred to above.

The examples cited above are virtually all characterized by the
presence of strong faulting or other structures transverse to the
fault surface of the main rupture. Thus, the simple geometry of
stress accumulation may be present and controlled by the mechanical
coupling of the blocks on either side of the fault surface of the
mainshock.
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FAULT MECHANICS AND CHEMISTRY
9960-01485

C.-Y. King
Branch of Tectonophysics
U.S. Geological Survey
345 Middlefield Road, MS/977
Menlo Park, California 94025
(415) 323-8111, ext. 2706

Investigations

1. Water temperature and radon content were continuously
monitored at two water wells in San Juan Bautista,
California.

2. Water level was continuously recorded at seven other wells.

3. Water samples were periodically taken from most of these
wells for chemical analyses.

4. Radon content of ground gas was continuously monitored at
three sites (Melendy Ranch, Limekiln A well and Cienega
Winery) along the San Andreas fault in the Bear Valley
area, California.

5. Slip events generated along a laboratory faulting model
were studied.

Results
Predictability of large slip events along a laboratory fault --

Long sequences of slip events of various sizes have been
generated along a laboratory fault model consisting of spring-
connected masses that are elastically driven to slide on a
frictional surface. Large slip events commonly occur when
sufficient strain is built up simultaneously on most masses
along a long segment of the fault, whereas smaller events occur
when fewer masses are stressed to comparable levels. The
occurrence of large events is preceded by a lag in slippage of
most masses behind expected average values and by frequent
occurrence of smaller events. Thus, the occurrence time of
large events is easily predictable, whereas their size is
not. The recurrence intervals between large events vary widely
and are not a useful means for large—event prediction.
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Reports

King, C.-Y., 1983, Impulsive radon emanation on a creeping
fault [Abst.], EOS, Trans. Am. Geophys. Un., vol. 64,
p. 758.

King, C.-Y., 1984, Predictability of large slip events along a
laboratory fault [Abst.], Earthquake Notes, in press.

King, C.-Y., 1984, Hydrological and geochemical approaches to
earthquake prediction in the United States of America
[Abst.], 27th International Geological Congress.
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PREDICTION METHODOLOGY FOR SUBDUCTION ZONE EARTHQUAKES,
CENTRAL ALEUTIAN ISLANDS

Contract No. 14-08-0001-21230 and Grant No. 14-08-0001-G881

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

(303) 492-8028

Current Quiescence within the Adak Seismic Zone

A period of pronounced reduction in the rate of occurrence of
earthquakes in all magnitude bands, within the Adak Seismic Zone
(175° - 178.5° along the Aleutian arc) started in September, 1982. The
observed drops in activity, based on the data set provided by the
Adak Network, are:

Mp 1.8 -2.2 July'81 - Aug ’'82, 38 + 7 per month
Oct '82 - Dec '83, 15 + 3.5 per month
Mp 2.3-3.0 July’'81 - Aug '82, 15 + 5 per month
Oct ‘82 - Dec '83, 5 + 3 per month
Mp > 3.0 July '81 - Aug '82, 8 + 3 per month
Oct '82 - Dec ’'83, 3 + 2 per month

In each magnitude range the drop that started sometime in Sep-
tember 1982 was about 60%.

A variety of tests have been made to determine whether this
decrease in the number of events located by the network is due to a
change in the detection and location capability of the network itself.
Various stations, or components at a station, drop out from time to
time. The fact that the drop in rate of occcurrence is very similar in
all magnitude bands, including the largest earthquakes, is our best
evidence that the rate decrease is real.

One independent check that we have is the number of earth-
quakes reported in the USGS PDE reports. The events in this listing
are independent of the Adak Network. The PDE reports show a sharp
drop in the rate of activity starting in September, 1982, with a gra-
dual return toward the normal background rate (one or two of these
teleseisms per month) starting in March 1983. The PDE show one
event in January, 1984, none in February or March, and one in early
April, the most recent report available.

The data indicate that a period of seismic quiescence began
within the Adak Seismic Zone in September 1982 and continues to the
present, punctuated by intervals of somewhat higher activity. The
guestion is whether this behavior is precursory to a strong earth-
guake in the near future. The only similar pattern since 1965 was
seen in the PDE data by Habermann, starting in 1968 and terminating
with the two magnitude 7 events in early 1971. The absence of

211



teleseismically-locatable events in the Adak Canyon region from 1971
to June 1982 had attracted our attention to this place as a likely site
for a major earthquake. The outbreak of activity in subregion SWZ2,
reported in earlier technical summaries, has led us to conclude that
this subregion has some characteristics of an asperity on the thrust

zone that may be approaching failure (Bowman and Kisslinger,
1984b).

Only time will provide the final answer as to whether the
observed quiescence and other anomalous behavior are precursory.
The previous teleseismic quiescence associated with an Adak Canyon
earthquake lasted just over three years. Our present conclusion is
that the totality of evidence suggests an enhanced likelihood of a
magnitude 7 earthquake in the Adak Canyon region, perhaps nucleat-
ing within SW2, at 176.75°W longitude, within the next 12 to 15
months.

Teleseismic JHD Study

In collaboration with E. R. Engdahl and J. W. Dewey (both with the
U.S.G.S. Branch of Global Seismology), we are very carefully relocat-
ing a set of teleseismically well-recorded earthquakes which occurred
over the time period 1965-1982 between 172°W and 179°W longitude.
Two major stages are involved in this procedure: first, the depths of
selected calibration events are carefully determined; and second, the
relocated hypocenters for those calibration events are used in the
method of Joint Hypocenter Determination (JHD) to relocate the com-
plete set of events.

(1) Depths of about 80 events have now been individually deter-
mined, using primarily depth phases read specifically for this study.
Ray tracing through a two-dimensional velocity model of the central
Aleutians was used to compute predicted arrivals for source-receiver
pairs, and these were used to unravel the identification of observed
short-period depth phases as pP {the sediment-water reflection), pwP
(the water-surface reflection), or sP. In general, the best agreement
between predicted and observed arrival times of depth phases is seen
for events south of the main thrust zone; here exceptional agreement
is often seen and within the reliability of the velocity structure,
depths can be constrained to within 2 km. For most cases for events
within the main thrust zone, focal depths can be estimated with an
uncertainty of less than 5 km.

(2) Calibration events for the JHD process are being relocated
using depths determined from the teleseismic depth phases and with
arrival time data from both teleseismic and local stations. When
these locations are completed, the entire teleseismic data set (several
hundred events) will be relocated with these calibration events. Prel-
iminary relocations suggest that the 100-km contour of the steeply-
dipping Benioff zone between 177°W and 173°W longitude is continu-
ous beneath the right-lateral offset of about 40 km in the line of vol-
canoes near 173°W, where the Amlia fracture zone is being subducted.
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Shallow Earthquakes Seaward of the Main Thrust Zone

South of the central Aleutians there is a group of shallow-focus
earthquakes, seaward of and spatially separated from the main zone
of shallow interplate earthquakes. Almost all of these earthquakes
are located either under Hawley Ridge ( a major forearc bathymetric
structure) or under its exltension to the east and west. Hypocenters
for these earthquakes were determined from the Adak network data
for the period from 1975 through December, 1963, and from prelim-
inary Joint Hypocenter Determinations of teleseismically-recorded
events for the period 1964 through 1982.

In contrast to earthquakes in the main thrust zone farther to the
north, the "Hawley Ridge" earthquakes occur in temporal swarms,
each swarm with tightly clustered epicenters. Moreover, the data
suggest that the temporal swarms occur episodically, with individual
sources becoming activated at roughly five-year intervals.

Teleseismic focal mechanism solutions for four of these events
are thrust mechanisms, with thrusting occurring either on a very
shallow-northwest-dipping plane or on a very steep, southeast-
dipping plane. local P-wave first motion data have been composited
for two of spatial clusters. In one case all of the observed arrivals are
compressional, in the other they are all dilational. The take-off
angles to the local stations are not well-known, so that the strongest
conclusion that can be made about these data are the events within
each cluster probably all had the same focal mechanism.

Depths have been individually determined for four of the
teleseismically-recorded earthquakes using careful interpretation of
short-period depth phases. Two of the events are clearly at about 17
km depth, and the best interpretation of the depth of the other two is
also at about 17 km.

The teleseismic focal mechanism solutions and hypocenter depth
determinations suggest that the earthquakes under Hawley Ridge and
its extension to the east and west are occurring on the plate boun-
dary trenchward of the main thrust zone. One possible explanation
for the occurrence of earthquakes under the ridge but not between
the ridge and the main thrust zone might be that the load of the
ridge on the plate interface causecs increased friction at the fault,
making this the site of episodic earthquakes.

Publications

Billington, S., and J. R. Bowman, Interplate earthquakes seaward of
the main thrust zone in the Central Aleutian Islands region
(abstract), EOS, 64, 768, 1984.

Bowman, J. R., and C. Kisslinger, A test of foreshock occurrence in the
Central Aleutian island are, Bull. Seism. Soc. Amer, 74, 181-197,
1984.

Bowman, J. R, and C. Kisslinger, Seismicity associated with a cluster
of earthquakes of m> 4.5 near Adak, Alaska: Evidence for an
asperity?, submitted for publication to Bull. Seism. Soc. Amer.,
1984.

Toth, T., and C. Kisslinger, Revised focal depths and velocity model for
local earthquakes in the Adak seismic zone, in press, Bull.
Seism. Soc. Amer., August, 1984.
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Alaska Seismic Studies
9930-01162

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

Investigations

1)

2)

3)

4)

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

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

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

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

Results

1)

During the past six months data processing has remained on schedule.
Preliminary hypocenters have been determined for 2263 earthquakes that
occurred between August 1983 and January 1984 (Figure 1). Twenty-five
events of magnitude 4 mp and larger occurred during this time, including
a 6.2 mp shock on September 7 near Columbia Bay (Page and others,

1984). The September shock was located 30 km deep near the southwest end
of the aftershock zone of a magnitude 6.1 my event that occurred in July
1983. Aftershocks of the September event were located within an
approximately equidimensional zone about 9 km across that did not overlap
significantly with the July sequence. The focal mechanisms for both the
July and September shocks determined from regional and teleseismic P-wave
first-motions and the distributions of aftershocks indicate normal
faulting on a steeply northwestward-dipping plane. Both events are
inferred to occur within the subducted Pacific plate. Other notable

events include a magnitude 5.0 mp event that occurred southwest of
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2)

3)

4)

P-1

Montague Island, and a 4.9 mp shock that occurred near the southwest
edge of Icy Bay outside of the immediate aftershock zone of St. Elias
earthquake, but within an area that has been seismically active since at

least 1974 when the network was installed.

The 1979 St. Elias earthquake (7.1 Mg) that occurred beneath the
Chugach-St. Elias Mountains north of Icy Bay was a shallow, low-angle
thrust event that accommodated convergence between the Pacific and North
American plates. An important question concerning this event is, on what
fault or faults did the rupture occur? Page and others (1982) studied
aftershocks recorded by a small array of temporary seismographs deployed
near the center of the aftershock zone about six months after the
mainshock. They showed that beneath the array the events were confined to
a planar, subhorizontal zone less than 2 km thick at a depth of 10 to 15
km. In October 1983 the station AGA was installed by Agassiz Lakes to
obtain additional information about the depth distribution of the
continuing activity southwest of the area of the temporary array.
Well-located hypocenters constrained by P- and S—arrivals recorded at AGA
indicate that the upper surface of the zone defined by Page and others
(1982) extends beneath AGA at a depth of about 10 km. However, several
shocks of magnitude 2 and less had S-P intervals between 1.0 and 1.5 sec
and were clearly located above the main thrust zone. The epicenters of
most of the shallower events were located within a small area intersected
by the Chaix Hill fault. Although limited accuracy of the hypocenters and
lack of information about the subsurface geometries of mapped faults
preclude associating the activity with a particular fault, this
observation indicates that faults within the upper crust are seismically

active.

Seismograms of crustal and Benioff-zone earthquakes in the vicinity of Mt.
Spurr were examined for anomalous character that might indicate source or
propagation path effects associated with this active volcano. Since late
1981, three vertical component seismographs have been operating within 20
km of the volcano summit. The stations lie east or southeast of the
summit and form a triangle with sides of 9~14 km. The closest neighboring
stations are at distances beyond 60 km. Although the sparse distribution
of stations hampers the identification of anomalous seismograms, the
records examined to date suggest two significant features. First,
seismograms from the three stations near Mt. Spurr exhibit distinctive low
frequency (2-4 Hz), ringing (typically more than 4 cycles) P and S phases
from shocks occurring at depths of 30 to 40 km beneath the stations.
Second, signals recorded at CRP, the station closest to the 1953 eruptive
center, seem to be attenuated, particularly at high frequencies, for many
but not all shocks. The available data are not sufficient either to
resolve whether the low-frequency, ringing seismograms result from a
source or propagation effect, or to relate the attenuation at CRP to a

particular distribution of attenuating material.

Two stations, CNP (China Poot) and SDE (Sadie Cove), were installed
southeast of Kachemak Bay on the southern Kenai Peninsula to investigate
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the nature of a concentration of shallow crustal activity that has been
observed previously in this area (Stephens, and others, 1983). The
earlier activity had an apparent southeast-northwest trend that crossed
the mapped surface trace of the northeast-trending Border Ranges (Seldovia
Bay) fault. Between August 1983 and January 1984, twelve crustal
earthquakes of magnitude 2 and smaller were located in the area and were
recorded at both CNP and SDE and had at least one S—-P interval measured at
one of these two stations. The depths of these events range from 5 to 13
km. The epicenters clearly occur within a northwest-striking zone about
12 km long and 2 or 3 km wide, but this distribution appears to consist of
at least two smaller clusters. Although the northwest trend in the
distribution of activity may be indicative of a buried structure with a
similar orientation, the available seismic data are not sufficient to
resolve the orientations of the causative faults.

5) J. Rogers completed design and construction of a prototype earthquake
event logging device (ELOG). Using a FORTH program running on an RCA
COSMAC computer, the ELOG detects earthquake P-arrivals and records their
onset time and polarity on a cassette tape. The prototype ELOG will be
deployed in Alaska for a few months this summer for testing. Design goals
include logging of P- and S-phases along with duration and amplitude.
Current drain will be low enough to allow remote battery operation for 1
year, The ELOG will be ideally suited for locally augmenting at
relatively low cost a sparse regional telemetry network for special
detailed studies.

References cited
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Seismological Field Investigations
9950-01539

C. J. Langer
Branch of Engineering Geology and Tectonics
U. S. Geological Survey
Denver Federal Center, MS 966
Denver, CO 80225
(303) 234-5091

Investigations

l.

The 1983 Borah Peak, Idaho earthquake aftershock study-—regional
investigation of aftershocks resulting from M, = 7.3 earthquake of October
28, 1983.

The 1983 Guinea, West Africa earthquake aftershock study--regional
investigation of aftershocks resulting from MS = 6.2 earthquake of
December 22, 1983.

Results

1.

Data obtained from a dense network of portable, short-period seismographs
were used to locate about 400 aftershocks of the Borah Peak, Idaho
earthquake of October 28, 1983.

These events occurred during a three-week period of time following the
main shock and extend in an elongated pattern striking roughly N25°W.
Length of the principal aftershock zone is approximately 75 km, and it has
a width of some 15 km. Aftershock depths range from near surface to 13 km
with the greatest number being concentrated in the interval between 5 and
11 km. The distribution of aftershocks in both space and time indicate a
highly complex relationship to the local geology and tectonics.

In response to the Guinea, West Africa earthquake of December 22, 1983, C.
J. Langer traveled to Guinea in January, 1984, and installed an ll-station
network of portable, short-period seismographs which operated for a period
of about two weeks. The area enclosed by the network was essentially
bounded between latitudes 11°45'N and 12°00'N, and longitudes 13°20'W and
13°35'W. Preliminary results indicate that the aftershock pattern
projects roughly east-west through the middle of the network, is about 20-
km long, 8-km wide, and the hypocentral depths extend from near—-surface to
roughly 16 km. Refer to the report by M. G. Bonilla for details on the
geology.
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GEODETIC STRAIN MONITORING

9960-02156

John Langbein
Branch of Tectonophysics
U.S. Geological Survey
345 Middlefield Road, MS/977
Menlo Park, California 94025
(415-323-8111, ext. 2038

Investigations

Two-color laser geodimeters are used to survey, repeatedly,
geodetic networks within selected regions of California that
are tectonically active. This distance measuring instrument
has a precision of 0.1 to 0.2 ppm of the total length.

Results

1) During the period from January to March, 1984, frequent
measurements have been made of the distances on 11 baselines
within the southern moat of the Long Valley caldera. To
accomplish these measurements during the winter months, an
observatory was constructed over the monument Casa to house the
2-color geodimeter. Also, seven retroreflectors were installed
into sheds so that line-length measurements could be made to
these remote locations. The remaining 4 monuments were located
along the major highways in the area. Figures 1 and 2 shows
the baseline locations and line-length changes measured. The
program of measurements commenced in June, 1983 from the cen-
tral site at Casa. The data has been adjusted for an apparent
change in the instrument length due to component failures in
the portable two-color geodimeter that occurred in September
and October, 1983. Preliminary modeling of the data indicates
that the strain is not uniform and that volumetric expansion at
two points at depth is a possible explanation of the observa-
tions. The first source is located 5.5 km beneath_Casa Diablo
Hot Springs and expands at a rate of 1.4 x 10~ km3/year. The
location of the second source is not well defined, but if it is
located 9 km bggeatg Smokey Bear Flat, then it would be expand-
ing at 17 x 10 ~ km~/year.

2) Twice weekly measurements of the distances of the 11
baseline network at Pearblossom, California have been made
during the last 6 months using the prototype 2-color geodimeter
in cooperation with Dr. L. E. Slater of CIRES. The strain
changes for the last 3-1/2 years are plotted in Figure 3 for a
coordinate system oriented normal and parallel to the local
strike of the San Andreas fault (N65°W). During the year from
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April, 1983 to April, 1984, the following extension strain
rates have been inferred from the data;

normal strain: =0.2610.08 ppm/year
parallel strain: -0.24+0.07 ppm/year
dextral shear strain: 0.1940.05 ppm/year

The non-zero amount of strain for the normal and parallel com-
ponents represent fluctuations about their secular trends of
nearly zero for the 3-1/2 years of this experiment. The
0.2 ppm/year rate of shear strain is a continuation of its
nominal rate.

In mid-March, the CIRES geodimeter was moved to Parkfield,
California. Future measurements of line-lengths at Pearblossom
will continue at monthly intervals with the portable two-color
geodimeter.

3) Due to the possibility of either component failures or
instrumental drift, simultaneous measurements of several base-
lines wusing both the CIRES geodimeter and the portable
geodimeter have been done periodically. These measurements
were initiated in August, 1983, and continued in December, 1983
and March 1984. The data for the first interval indicated that
the portable instrument showed an apparent lengthening relative
to the CIRES geodimeter of 0.4 ppm of the total line-length
under measurement. We have attributed this change to the
failure and subsequent replacement of two key components in the
portable instrument. During the second interval from December
to March, no change in relative 1lengths of the instruments
could be detected at the 0.1 ppm level.

4) Due to several component failures in the portable 2-
color geodimeter that was purchased in 1980, we returned it to
Terra Technology for repair. A contract has been awarded to
the factory to repair the blue laser, crystal modulator, micro-
wave power amplifier and a few items that are covered under the
instrument's warranty. The instrument should be delivered in
the early part of the summer, 1984.

5) Spectral analysis of the initial 15 months of the 2-
color geodimeter data from Pearblossom reveals a gausian prob-
ability distribution of data residuals about a linear trend for
periods less than 50 days for some of the baselines. At longer
periods, the probability distribution is not gausian and has a
characteristic that tends to increase the apparent variance of
the data. This is consistent with variations in the strain
rate which, for example, is reported in item 1. If only the
gausian part the 1line-length data is examined, then the
statistical erfors 511 the observations can be represented in
the form of (a 12)1/2 where a = 0.3 mm, b = 0.12 ppm and 1
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is the baseline length. The data used in this analysis were
measurements made by the CIRES instrument. From other
measurements at Pearblossom using the portable instrument, the
"b" term may be 20 to 407% larger than reported above.

REPORTS

(A) Linker, M. F., Langbein, J., and McGarr, A., 1983, Two-
color geodimeter, measurements of crustal deformation
at Long Valley, California: Initial Results (abs):
EOS (American Geophysical Union Transactions), v. 64,
no. 45, p. 841.

(A) Langbein, J. O,, Linker, M. F., McGarr, A., and Slater,
L. E., 1983, Two-color geodimeter measurements of
crustal strain accumulation near Palmdale,
California: Comparisons with gravity and
meteorological data (abs): EOS (American Geophysical
Union Transactions), v. 64, no. 45, p. 841.

(A) Langbein, J., Linker, M. F., McGarr, A., and Slater, L. E.,
1984, Two-color geodimeter measurements of crustal
deformation near Palmdale and Long Valley, California
(abs): International Symposium on recent crustal
movements of the Pacific region [in press].
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Location of the baselines in the Long Valley caldera

Figure 1.

that are routinely measured with the two-color geodimeter

from the monument at Casa.
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Microearthquake Data Analysis
9930-01173

W. H. K. Lee
Office of Earthquakes, Volcanoes, and Engineering
Branch of Seismology
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, Ext 2630

Investigations

The primary focus of this project is the development of
state-of-the—-art computation methods for analysis of data from
microearthquake networks. For the past six months I have been
recovering from my illness and mostly working part-time.

A computer-based system for organizing earthquake-related data has
been put into routine operation. This system edits, archives, and
backups earthquake data sets, and allows users to query and retrieve
archived data sets. During the past six months, about 200 data sets
have been edited and archived.

Results

Three data libraries were set up within the USGS Earthquake Data
Archive. In the General Library, we archive data sets as received.
Unfortunately, most data sets we received do not have all the
information necessary to use them. Thus, a lot of time was spent in
gathering the necessary information from various sources and
incorporating them into the data sets. About 140 data sets have been
archived. These data sets contain the following major items: (1)
hypocenter data files from the International Seismological Center,
(2) hypocenter and phase data files from Caltech, and (3) digital
waveform data from the Salmon nuclear explosion as recorded by the
USGS.

In order to search data sets by their individual records, we must
have labels (or indexes) at the record level. The Standardized
Library is introduced to store data sets that are coded according to
our standardized structure and recommended formats. For the most
frequently used data sets, we have written conversion programs to
translate data sets in the General Library to the equivalent data sets
in the Standardized Library. About 60 data sets have been archived
this way; they contain (1) hypocenter data files from the
International Seismological Center, (2) hypocenter and phase data
files from Caltech, and (3) hypocenter and phase data files from USC.
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