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PREFACE

The National Earthquake Prediction Evaluation Council (NEPEC) was
established in 1979 pursuant to the Earthquake Hazards Reduction Act of
1977 to advise the Director of the U.S. Geological Survey (USGS) in issuing
any formal predictions or other information pertinent to the potential for
the occurrence of a significant earthquake. It is the Director of the USGS
who is responsible for the decision whether and when to issue such a
prediction or information.

NEPEC, also referred to in this document as the Council, according to its
charter, is comprised of a Chairman, Vice Chairman, and from 8 to 12 other
members appointed by the Director of the USGS. The Chairman shall not be a
USGS employee, and at least one-half of the membership shall be other than
USGS employees.
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National Earthquake Prediction Evaluation Council
Minutes of the Meeting
April 2 & 3, 1987
Seattle, Washington

Council Members Present

Dr. Lynn Sykes, Chairman, Lamont Doherty Geological Observatory
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Dr. Craig Weaver, USGS

Mr. Donald 0. West, Golder Associates

Dr. LaVerne Kulm, Oregon State University
Dr. Charles Sammis, University of Southern California
Dr. Garry Rogers, Pacific Geoscience Centre

Chairman Sykes opened the meeting with a brief statement on the Council's
agenda for the past 2 1/2 years, its plans for the next year, and its
missions and responsibilities to the Director of the U.S. Geological Survey
(USGS). This meeting is to review the long~term earthquake potential of
the subduction zone off the coast of Washington and Oregon and to report to
the Director of the USGS on its findings.

Prior to the meeting, on April 1, Brian Atwater led a field trip to inspect
evidence for great Cascade earthquakes of Holocene age. This trip is
referenced in the report on the Council's Executive Session (pp. 14-17).
Council members Davies, Ellsworth, Thatcher, Wallace, and Wesson and
speakers Bartsch-Winkler, Heaton, Rogers, Weaver, and West participated in
the field trip.



Tom Heaton presented an overview of the Cascadia subduction zone. It has
long been recognized that the Pacific Northwest 1s a subduction zone with
an active spreading zone-off the West Coast and a spreading rate of
approximately 6 cm. per year, and convergence rates ranging from 2 cm. to
4 1/2 cm. per year. There are three subducting plates - the Gorda Plate,
the Juan de Fuca Plate, and the Explorer Plate. It appears that the Gorda
Plate is subducting, but there may be some change in the subduction rate
along the zone due to internal deformation within the Gorda plate. There
is also some evidence of complications with the Explorer Plate.
Nevertheless, it seems that the North America Plate is overriding the whole
system at about 2 cm. per year. The total length of the zone, including
all three plates, is about 1200 km. Large historic subduction earthquakes
haven't been observed in this region and the question remains, does that
mean that there never have been any large earthquakes or that we have not
waited long enough. A map. of the historic seismicity in the area shows
that all the transform faults are active and are moving at a rate
appropriate for the assumed plate motion. Heaton referred to the
subduction zone as unusual - there is no deep ocean trench, no large
gravity anomaly, no large mountain chain, and no subduction earthquakes.
Sometimes it is called an aseismic subduction zone. However, if it is an
aseismic subduction zone, it is not in the same sense or class as the
Marianas in that a young ocean floor is being subducted. 1In referring to
the region's seismicity, specifically a lack of large or intermediate
subduction earthquakes, Heaton questioned whether any other of the world's
subduction zones behaved similarly. From his analysis, Heaton concluded
that the subduction zones with M 8 earthquakes are moderately coupled with
fairly high rates of background seismicity, and aseismic subduction zones
have low but steady rates of seismicity. In contrast, the Washington-—
Oregon subduction zone has virtually no activity, even in the magnitude 5
to 6 range. Although he questioned applicability of San Andreas seismic
models to subduction zones, Heaton did note that those locked areas of the
San Andreas fault that did have great earthquakes, such as the 1906

San Francisco earthquake and the 1857 Ft. Tejon earthquake, have been
fairly well devoid of continuous seismic activity during the past several
decades.

Hiroo Kanamori presented a global perspective on plate motion and
seismicity. Noting that seismicity should correlate with several
parameters, Kanamori described several analyses of such a correlation. He
made two assumptions. First, the computed plate velocity is about the same
as the present plate velocity, and, second, the modified seismicity, Mw'
best represents the overall seismicity of the subduction zones. Some
positive correlation was found between convergence rate and the magnitude
of the largest earthquake in a subduction zone, although it wasn't very
satisfactory, suggesting that some other factor is responsible for the
generation of large earthquakes. A second plate parameter, the age of the
subducting plate, was discussed. The relationship between My' and the age,
T, of the subducting plate is negatively correlated, as was expected.
However, the large scatter suggests that plate age alone does not control
seismicity. 1In fact, individual parameters don't lead to a convincing
relationship. Next, Kanamori combined three parameters - T, velocity, and
My' - and found a considerably improved correlation. He concluded his
discussions by applying this analysis to the Juan de Fuca subduction zone
(see paper by Kanamori in this volume).
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Robert Crosson described the seismicity and structure of the Cascadia
subduction zone. His interpretation of refraction and deep reflection data
suggests a subducted slab dip of 16 degrees, in contrast to earlier
interpretations which placed the dip at about 10 degrees. A selected
subset of approximately 5,000 earthquakes was further analyzed. Of the
subset, all the earthquakes were intraplate and no earthquakes of any
appreciable size were located that could be identified with slip in the
subduction zone separating the Juan de Fuca and North America plates. This
suggests that the megathrust is between two distinct earthquake zones.
Analysis of cross sections and models of the slab's shape and strain
requirements indicate an upward arch to the slab in northwestern
Washington. Both the slab seismicity and adjacent coutineuntal seismicity
are concentrated at the slab arch suggesting a structural control for
earthquakes near the arch. The structure may be of major significance to
earthquake hazard estimation.

Craig Weaver discussed variations in volcanic vent and earthquake
distributions as evidence for segmentation of the Juan de Fuca plate. His
hypothesis is that recent dates of Holocene earthquakes should correlate
with volcanic arc segmentation. There is no evidence of Cascade volcanism
in the period from 10 to 16 million years ago. The volcanism of that
period is concentrated in southeastern Oregon and northwest Nevada and is
basically basaltic and associated rhyolites and is commonly interpreted as
the initiation of Basin and Range volcanism.  In the period of 5 to
10-million years ago, the vents, still predominantly basaltic, were
impinging on the modern position of the Cascade volcanic arc. In contrast,
though, in the past 5 million years volcanism in the Basin and Range of
southeastern Oregon ended; basaltic vents were concentrated along the
Brothers Fault Zone, thought to be the northern boundary of the Basin and
Range in Oregon. In this same period there was a long, linear distribution
of andesitic vents from Mt. Hood down through Oregon, a councentration of
basaltic vents in the Mt. Shasta-Medicine Lake region as well as a
concentration at Lassen Peak. In the northern section the andesitic
boundary seems to have stepped to the west, and in the south the andesites
have been slowly contracting. The spread of the vents in the southwest
Washington/Oregon portion of the Cascades comes from the basaltic vents.
There are few basaltic vents south of Newberry Crater and the distribution
begins to change near the California-Oregon border where there is a heavy
concentration of basaltic vents. Weaver then made some speculations on the
relation between the volcanic arc segmentation and the known structural
elements of the Juan de Fuca Plate. If there is any relationship between
the shallow geometry of the Juan de Fuca Plate and the volcanic arc
segmentation, Weaver and his colleagues expect to see five segments to the
shallow subduction zone. He suggested that this segmentation would define
the lateral extent of great subduction zone earthquakes on the Juan de Fuca
and North American Plate interface.

Garry Rogers reviewed the tectonics of Northwest United States and
Southwest Canada and commented on the seismic potential of the area. Many
of the features of the Cascade seismic zone, such as volcanoes, continue
from the United States into Canada. Other features, both offshore and
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onshore, stop at the U.S.-Canadian border. One obvious change at the
border is the change in direction of the plate boundary. To understand the
zone, however, one must treat the boundary in its entirety. The change in
subduction zone direction accomplishes two things: 1) It requires that the
plate has some kind of folded or buckled structure near the change in
strike. 2) It changes an oblique subduction scheme to a direct
(perpendicular) subduction zone with almost no oblique component. There
are four obvious segments along the zone = the Juan de Fuca segment, the
Gorda segment, the Explorer segment, and the Winowna Block. The Explorer
segment is defined mainly on the basis of magnetic anomalies and
seismicity. Rogers infers from the seismicity analyses that the Explorer
segment is being deformed much like the Gorda plate and that the inference
of rapid Explorer-North America plate interaction based on rigid plate
analysis probably is not valid. Results of a 10-year geodetic study show
contraction in the direction of plate convergence along southern Vancouver
Island. Also, relative uplift rates and strain appear to have changed in
the region of the 1946 Vancouver Island earthquake. And, there is some
evidence of seaward tilting in central Vancouver Island. There is evidence
of uplift along the coast of Vancouver Island, and inland there are some
examples of down—-drop. Considering the area that could rupture and the
area to moment magnitude relationship, the seismic potential is sizeable
and the analysis of repeat times yields recurrence intervals on the order
of 400 years, depending on an estimated factor. If this factor is smaller,
repeat times would be longer.

Verne Kulm's presentation was on the initial deformation front along the
Oregon-Washington subduction zone. Kulm described analyses of abundant
turbidites on the Juan de Fuca plate that consistently gave repeat times of
about 400 years. He noted, however, that there is no basis for using these
data to indicate repeat times for large earthquakes on the Oregon—
Washington continental margin. Kulm next discussed fold, fault, and fluid
structures and mud volcanoes on the sea floor. He postulated that these
features are evidence of nuclear plate movement. Seafloor mapping and
seismic reflection surveys reveal an 18-km.-long sediment ridge on the
Nitinat Fan dipping toward the oceanic plate and prominant faults and folds
striking perpendicular to the convergence direction of the Juan de Fuca
plate and oblique to the initial deformation front of the accretionary
prism. Further, mud volcanoes are associated with these faults. The
rapidly deposited fan sediments and mud volcanoes suggest overpressured
abyssal and fan sediments. The lower continental slope has both seaward
and landward verging sedimentary ridges of heights up to 1,000 meters above
the abyssal plain. The landward verging sequences are in the upper portion
of the scraped-off deposits and may represent thin skin overthrusting.
About half of the layered sediments are carried beneath the accretionary
prism and half are forming the youngest part of the prism. In response to
subduction induced compression, the overlying sediments are also faulted
and folded. Offsets on the order of several meters can be seen. Active
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fluid venting sites exist on a Pleistocene marginal ridge and a Pliocene
ridge off the coast of central Oregon. Communities of white clams and
worms and concentrations of authigenic carbonates occur along the crest of
the marginal ridge. And very high concentrations of methane at the vent
sites indicate pore fluids derived from the accretionary complex. Similar
communities of clams were found atop a mud volcano off the coast of central
Oregon indicating active fluid venting. Carbonate chimneys recently
dragged from the sea floor on the OQuter Continental Shelf at Cape Falcon
suggest fluid venting in the oldest and youngest portions of the
accretionary prism. Although the Cascadia subduction zone has many
features and processes similar to Circum~Pacific subduction zones, neither
the relationship between them and coupling or decoupling of the Juan"

de Fuca and North American plates nor how they can be used to estimate
seismic potential has been determined.

Susan Bartsch-Winkler reported on Holocene subsidence deposits and Alaskan
earthquakes. She noted three prevailing conditions favorable to post
earthquake sedimentation in the Cook Inlet: 1) abundant earthquakes;

2) plenty of readily transportable sediment; and 3) a dynamic tidal regime
to provide the energy for rapid sediment deposition. These factors provide
an instantaneous sedimentological picture of the effects of subsidence
after a major earthquake. Bartsch~Winkler paid particular attention to
sedimentation changes after the 1964 Great Alaskan Earthquake. Regional
uplift and regional as well as local subsidence caused by the earthquake
affected intertidal and near—-tidal sediment in southcentral Alaska and
initiated intertidal aggredation in Upper Cook Inlet. From 1964 to 1974
about 22 x 100 cubic meters of Placer River Silt, the post-earthquake
intertidal deposit, were deposited over 18 square km. at the head of the
Portage Arm. Bartsch-Winkler cited earlier reports indicating that organic
layers were present at various shore lines in south Alaska and attributable
to relative sea level changes. Searches for evidence of recurrent
earthquakes in Upper Cook Inlet were begun by looking for peat layers
interbedded with intertidal silt. The hypothesis that earthquake related
events occurred throughout the late Holocene is being tested by radiocarbon
dating of these layers. Additional evidence, however, includes sequences
of contorted and undisturbed beds, anomalous sand layers atop peat layers,
sand blows, and rapid changes in the base level of stratigraphic sections.

Brian Atwater discussed his work on rapid coastal-lowland subsidence as
evidence of great Holocene earthquakes in the Cascadia subduction zone.
Atwater described the stratigraphy and results of radiocarbon dating of
plant remains from four episodes of inferred rapid coastal subsidence in
southwest Washington. His results suggest rapid subsidence at about 300,
1700, 2700, and 3000-3400 years ago, times of great earthquakes in the
region. Studies in northwest Washington suggests an age of about 1000
sidereal years ago for the most recent episode of coast subsidence near
Neah Bay.
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Charles Sammis discussed fault zone rheological considerations in the

area. He noted that the Juan de Fuca plate being subducted is particularly
young and fairly unique in that it is covered by thick sediments. 1In
addition to having a high volume of sediment, it is unique in that the
sediment exists all the way out to the Juan de Fuca ridge. This is
important because the sediment shuts off hydrothermal circulation and puts
the plate in a conductive cooling regime. Based on considerations of
possible ages of the plate and thermal models, Sammis hypothesized that the
plate is so young that it is not in a stick—-slip earthquake regime but may
be in a stable-sliding regime. Sammis considered several other factors -
fluid pressure, age of the subducting plate, strain rate, and ductility -
on whether the plate is in a stick-slip or stable-sliding regime. The only
factor that would suggest that the plate boundary is in a stieck—-slip regime
is gystems stiffness. He concludes: 1) that the Juan de Fuca plate is
thermally unique; with a thick cover of sediment extending out to the ridge
that cools through its history in a conductive regime; 2) from a
stick-slip/stable-sliding point of view it is not obvious that
stable-sliding ecould be accomplished.

Kevin Coppersmith presented the results of an experts study on the
probability of exceeding design seismicity at a site in western

Washington. The purpose of the study was to represent the range of
scientific opinion on the issue. Coppersmith emphasized the study's
methodology and not the preliminary results. The uncertainties associated
with the probability estimates concern the seismogenic potential of major
tectonic elements in the subduction zone. The seismic sources of interest
are those associated with the plate interface itself and those earthquakes
that can occur within the oceanic slab. The experts were questioned on the
crustal geometry, potential seismie sources, probability of activity and
tectonically significant earthquakes, location of rupture, maximum
magnitudes, conversion rates, seismic coupling, recurrence of earthquakes,
and earthquake distribution. Some of the expert assessments of the factors
were discussed and the results briefly summarized. The favored crustal
geometry places the hypocenters of recorded earthquakes near the upper part
of the downgoing oceanic slab. Many of the experts felt that the interface
is not segmented. There was no consensus on the probability of activity.
Favored convergence rates are on the order of 30-40 mm. per year. The
maximum magnitudes, when given, were in the range of M > 7.5 for interslab
earthquakes to M > 8.5. Nearly all experts answered questions regarding
coupling but the answers exhibited a very broad distribution of estimates.

Jim Savage presented results of geodetic deformation measurements made in
Washington and British Columbia. Savage reported that the measurements of
a geodetic network near Seattle in 1981 indicated compression in the
direction of plate convergence and suggested that this can be attributed
to strain across the Cascadia subduction zone. This interpretation was
tested further at several sites and confirmed that the direction of
greatest compression was east northeast on the order of 0.1 microstrain
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per year. Savage cited work by others on vertical deformation based on
leveling and tide gauge records. It appears that the Seattle and Puget
Sound region is subsiding where the Pacific coast of Washington is being
raised. More recent work presents a somewhat more complicated picture.
The entire coast along the Cascadia subduction zone may not have been
uplifted; in particular, coastal uplift may not have occurred along the
Pacific coast at Vancouver Island and central Washington. Based on strain
accumulation rates in other areas of subduction, Savage argued that the
observed accumulated strain is elastic. Savage further argues that the
strain accumulation measurement gives strong evidence that major megathrust
earthquakes will eventually occur along the Cascadia subduction zone.

Don West discussed the geology of Pleistocene raised marine terraces along
the Pacific northwest coastline. West's presentation emphasized the uplift
observed along the Oregon-Washington coastline. The presentation began
with a discussion of the coastal deformation associated with other
geismically active subduction zones. Next, West attempted to characterize
long—-term uplift in these other subduction zones and then to compare the
long—term deformation of the Cascadia subduction zone to determine its
seismic potential. West noted from a study of 14 earthquakes along nine
subduction zones, that as earthquake magnitude increases so does the length
of the deformation zone. And, there is a weak relationship of increasing
vertical deformation with increased magnitude. Further, the distance from
the trench at which vertical coastline deformation occurs is roughly
related to earthquake magnitude; more specifically, he noted that for M >
8.0 coseismic subsidence generally does not occur closer than about 110 to
" 120 km. from the trench and coseismic uplift no further than 150 km. from
the trench. From his reviews of coseismic and long-term vertical
deformation of coastlines at near plate boundaries, West suggested that
virtually all of the Oregon coast is in a zone of expected coseismic and
long—-term uplift and that the Washington coast could experience either
uplift or subsidence. Further, apparent differences with other subduction
zones, particularly the lack of Holocene terraces and low overall rate of
late Quaternary uplift, suggest a significantly longer recurrence time for
large magnitude thrust events. (See paper by West in this volume.)

EXECUTIVE SESSION, APRIL 3, 1987

Sykes presented the following agenda. First, a review of yesterday's
meeting to be followed by discussions of the Parkfield experiment, southern
California strategy, the Keilis=Borok earthquake prediction, and last,
discussion of future Council meetings.

Review of Meeting — Subduction Earthquakes in the Pacific Northwest

Sykes asked each member to give his assessment of the meeting, particularly
his opinion on whether the subduction zone moves aseismically or in great
earthquakes; and whether the work performed to date 1is adequate.

Davies strongest impressions were of the field trip led by Brian Atwater

and the argument that the buried peat horizons can be explained easiest by
earthquake activity. The burden of proof, however, falls to those arguing.
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against subduction—type earthquakes to explain the occurrence of the
sequences of peat layers. He suggests the possibility of large earthquakes
with recurrence intervals of 500-800 years. He also feels that the
questions raised yesterday regarding heat flow and mechanics are important
and need to be resolved.

Ellsworth's impressions are also largely driven by the field trip. He
noted that Brian Atwater has found these features over a large area, up and
down the coasts of Washington and Oregon. Further, it is obvious that we
are at an early stage of determining what these features mean, although the
large earthquake hypothesis 1is most likely.. He feels that the meeting
reaffirmed the USGS decision to shift more of its regional hazards
assessment work (element III in the National Earthquake Hazards Reduction
Program) to the Pacific Northwest. He feels that the chances of large
earthquakes are high, with recurrence intervals on the order of 1000 years.

Dieterich added that arguments can be made on both sides of the issue -
seismic slip or aseismic subsidence. The strain accumulation data
presented by Savage causes him to lean strongly toward the seismic—-slip
hypothesis. He noted that there are many opportunities for expanded
geological investigations. The argument for aseismic slip, in his opinion,
hinges on the uniqueness of this plate and subduction zone. Dieterich
appreciated the approach and analysis of Sammis regarding thermal arguments
but offers a different conclusion. He believes that to follow the analysis
of stiffness controlling instability requires experimental data that aren't
available and what is available is contradictory.

Kanamori feels that the evidence for large seismic events in the past is
very good, but our knowledge of the past 50 years is very limited and maybe
they represent very unusual events. He emphasized the need for basic
research to resolve this problem and noted that the discussions were a very
good example of the integration of basic research from different
disciplines = rheology, seismology, subduction zone studies -~ into a
focussed study. He did find Savage's strain data analysis to be strong but
noted that alternative interpretations do exist. Kanamori is still puzzled
by both the absence of earthquakes of magnitude > 6 or 6.5 for the past 50
years and the unique combination of a young sea floor and thick sediments
and therefore still is undecided regarding seismic subduction.

Sachs is impressed by the absence of thrust earthquakes in the region and
feels that this region must be unusual in some manner. He noted that it is
somewhat younger than other regions, it has high heat flows, thick
sediments, and ongoing subduction, but that this does not necessarily mean
that there will be seismic release. He finds Brain Atwater's work
important in that his observations do indicate uplift, but it may be over
periods of years, which could be interpreted as slow uplift, rather than
the instantaneous uplift associated with earthquakes.

Filson is still skeptical about the subduction zone generating large
earthquakes. He was impressed by Vern Kulm's presentation of underwater
scans of accretionary wedges as direct evidence of plate convergence. He
also found Savage's data on elastic strain accumulation in the continental
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plate very good but agrees with Sachs that we don't know whether that
argues for slow strain release or an earthquake with instantaneous release
of strain. He also feels that those arguing for the potential for large
subduction earthquakes have to both address Sammis' questions, and explain
the absence of Holocene terraces. He also offered that the turbidity
currents and undersea landslides could occur regularly due to sediment
loading and do not require a seismic genesis.

McEvilly added that the accumulation of evidence - seismic, strain, and
oceanographic - speaks convincingly in favor of plate convergence, but the
anomalous seismic behavior is not that of a region capable of large
earthquakes.

Thatcher believes that Atwater's data are critical to all of the arguments
on this topic. Therefore, this issue needs more attention by people
experienced in this type of research. The important issues remaining to be
resolved include; if the subduction is seismic, how frequently does it
occur and what are the characteristics of the source regions. He noted
that whether the zone ruptures in a series of earthquakes of M 7.5, as in
the southern part of the Japan Trough, or as a single earthquake of M 9 or
greater is very important from the standpoint of hazards. Thatcher favors
the former.

Wallace is impressed by the suggestion of seismogenic subduction provided
by the series of sudden subsidence events described by Brian Atwater and
shown to the Council on a field trip. He is also intrigued by Savage's
strain data which is consistent with convergence, but he wonders if it is
too small a sample from which to base a model. More evidence of sudden
prehistoric uplift and subsidence should be sought in the geologic record,
and more precise dating of known young displacements in the seabed should
be pursued.

Sykes believes that a lot more work needs to be done on the Quaternary
geology of the region. He is evenly split on the debate between the
aseismic hypothesis versus seismogenic hypothesis. He feels, though, that
the chances that the zone will rupture in a truly great earthquake, M 9, is
remote and that more work is needed to define the zone of coupling. Sykes
believes that the coupled zone would not extend far to sea and that the
crucial area to look at is essentially from the coastline to about Puget
Sound, i.e., the plate boundary beneath the Olympics. He is uncomfortable
about extrapolating from other regions using the Ruff and Kanamori idea of
coupling. The presence of large amounts of young, highly porous sediments
may promote a seismic slip along a greater part of the plate boundary in a
downdip direction.

Wesson sees good agreement on plate convergence and subduction. He is
impressed with Atwater's work but, noting three competing factors, feels
that good research is needed on the fundamental Quaternary geology of the
coastline. The first factor is eustatic sea level changes, the second is
70,00 year—old elevated terraces, and the third factor is episodes of
submergence.

(@)
<D
N o)



)1
B

Thatcher stressed that Savage was measuring evidence of elastic coupling
across the interface of the Juan de Fuca and the North America plates. The
unresolved issue is the intensity of the coupling. In other words, is
alpha equal to 1 or 0.1? The crucial point, as noted by Dieterich, is that
the contraction may represent inelastic deformation rather than elastic
strain accumulation. Ellsworth, noting the seismicity patterns of sections
of the San Andreas Fault, cautioned against assuming that because there
have been few earthquakes the area is not capable of large earthquakes.

Parkfield, California

Based on the Council's recommendations of November 1986, the USGS revised
the open-file report "Parkfield Earthquake Prediction Scenarios and
Response Plans.” Additional features of the report include a list and the
coordinates of all the instruments in the field and sample warning
messages.

Filson reported that the USGS participated in a California Office of
Emergency Services tabletop exercise and field trip on the public service
response to the issuance of a short-term prediction for Parkfield.

Filson also reported that during the first week of February an unambiguous
strain change clearly preceded a M 2.7 earthquake at Parkfield and
constituted a level C alert. Specifically, on February 1, there was a
minor earthquake, M 1.5, in the Middle Mountain alert zone. A few hours
later there was a 10 cm. drop in a water well above the Middle Mountain
zone. Later that day there was a 0.2 mm. right-lateral creep event at the
Middle Mountain creep meter and then later in the day other minor
earthquakes occurred. Early the next morning the M 2.7 earthquake
occurred. These events indicate that the Parkfield recording system is in
place and successfully recorded some kind of premonitory event on separate
instruments, which is the intent of the experiment.

Wallace reported on a field review of the geomorphic interpretations of
Sieh and Jahns, which led to the interpretation that the predicted
Parkfield M 6 earthquake might instead be, or might be followed closely
by, a larger, M 7, earthquake. Although the geomorphic features clearly
record strike slip on the fault, the amount and timing of individual
prehistoric slip events is uncertain; even the amount of slip that seems
likely to have acompanied the great 1857 earthquake. The postulated M 7
earthquake is considered possible, based on general rates and distribution
of strain, but the geomorphic evidence neither strongly supports the M 7
theory nor rules it out. A report by the review team, including Sieh, was
distributed to the panel, and recommends: 1) a study of long-term slip
rate based on geologic and geomorphic evidence, 2) trenching of selected
sites, 3) further detailed study of offsets of a few gulches. The Council
suggested that of the three, additional trenching might be most productive.

Thatcher and Davis both reported that the Parkfield response plan is
working well. Ellsworth reported that the open—file document has been
extremely useful; it has helped to focus attention on the details of the
system, increased the ability to accurately and efficiently communicate
with the State of California, and helped to debug the system. Thatcher
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noted that despite some initial reservations about designing response plans
without more data on the region, this method has been working, is
essentially being conducted in areas such as Tokai, Japan, and could be
adopted wherever researchers are monitoring instrumented areas, such as in
Southern California.

Southern California Strategy

Sykes reviewed the Council's deliberations on Southern California. The
Council's letter of May 9, 1986, to the Director, USGS, summarized its
review of its first 2 years of meetings on California and Alaska. As
suggested in the last two meetings, Sykes discussed their findings and
recommendations for intensified studies at briefings for the National
Academy of Sciences subcommittee that is advisory to the USGS. At a
meeting with Frank Press, the head of the National Academy of Sciences,
Sykes and Kisslinger discussed the widely quoted estimate, in FEMA and
other documents, that there is about a 50 percent chance of a large and
damaging earthquake in Southern California within the next 30 years.

Frank Press recommended that NEPEC officially review that forecast, and
depending on that review, he would consider asking the National Academy of
Sciences to consider the situation further. The National Academy of
Sciences subsequently sent a letter to the Chief Geologist of the USGS
suggesting a review of Southern California earthquakes. -Sykes then met
with USGS officials on March 24, 1987, with an agenda similar to the
National Academy of Sciences meeting. At this meeting Sykes noted the
difficulty in tracing the scientific evidence for this prediction and that
- more recent field work suggests a need to review the original probability
statement. He suggested to the USGS that a working group be establised to
derive one or more probability maps and to prepare a report for NEPEC's
review.

Dieterich likes the idea of convening a working group on this topic.
Kanamori's principal question is what methodology will be used in a
probabilistic approach, particularly in light of the small amount of data.
He asked whether it would be prudent to have a group consider the
implications of this probabilistitic methodology. Ellsworth pointed out
that there is a distinction between risk analysis for specific fault
segments and risk for a large region, e.g., the Los Angeles basin.
Therefore, it is important to decide what the working group should do -
either focus on a few segments of the San Andreas and address the problem
of a large to great or to address the Los Angeles Basin hazard issue and
develop some probabilistic estimate of what may happen in the next 30
years. He feels that the latter is the more important aspect of the
issue. The Council discussed whether it could or should assess the risk
for various magnitude earthquakes associated with particular faults, both
associated with and distinct from the San Andreas.

The Council also discussed some of the published probability estimates and
methods used for the Southern California region. The Council agreed to
form a working group to respond to the charge by the Director of the USGS



to assess by the end of the year the likelihood of a great earthquake in
the Southern California region during the next few decades. Further, the
working group would develop a short document on the consensus and
divergence of opinion on these issues for the Council's review. The
Council also agreed to ask the working group to consider M 7.5 or greater
earthquakes, and, to the extent possible, also consider the likelihood of
smaller events, that could have major consequences. Delivery of the draft
report will be requested for October 1987.

Future Meetings

The Council decided not to meet until the October 1987 Southern California
earthquake data review.

Keilis—-Borok Prediction

Sykes briefed the Council on how the Keilis-Borok prediction of a large
earthquake in California came to the Council's attention by way of a letter
from Leon Knopoff. Knopoff was on sabatical in England and promised to
send further information regarding the prediction to Sykes.

Filson and several other Council members viewed this prediction as basic
research, as opposed to an operational prediction capability. The Council
noted its interest in this line of research but is concerned about the very
large area involved in the prediction. It did conclude, however, that the
present data and documentation were not specific enough to permit a useful
review by the Council.

The Council was of the opinion that further consideration could be delayed
until fall 1987 when a Soviet delegation is expected to be in the

United States for discussions of the bilateral earthquake program. The
Keilis-Borok prediction would be included in the agencda and NEPEC members
invited to attend that presentation.

Sykes will send a letter to Knofpoff expressing the Council's views.
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SEISMIC POTENTIAL ASSOCIATED WITH SUBDUCTION IN THE
NORTHWESTERN UNITED STATES

By THoMAS H. HEATON AND HIROO KANAMORI

s ABSTRACT

Despite good evidence of present-day convergence of the Juan de Fuca and
North American plates, there has been remarkabily little historical seismic activity
along the shallow part of the Juan de Fuca subduction zone. Although we cannot
completely rule out the possibility that the plate motion is being accommodated
by aseismic creep, we find that the Juan de Fuca subduction zone shares many
features with other subduction zones that have experienced great earthquakes.

INTRODUCTION

In this paper, we compare the mode of subduction of the Juan de Fuca plate
beneath the North American plate with that of other subduction zones. We show
that the Juan de Fuca subduction zone shares many features with other subduction
zones that experience great earthquakes, while several features indicative of aseismic
subduction are absent. General reviews of characteristics of the subduction process
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