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For over a century, openly exchanged
data has been the cornerstone of
seismology.  Little can be done with the
recordings from a single seismic station,
and elastic wave propagation does not
stop at either political or institutional
boundaries.  The nature of our science
requires openly distributed data, and
global bulletins serve as both evidence
for this requirement and as a symbol of
international cooperation.

Whether broadcast on the Internet,
relayed by satellite, transmitted by
modem, or mailed as tape, seismological
data travel around the world each day
by almost every form of transportation
and in almost every medium. Unusual
ground motion at one observatory
triggers inquiries to other observatories.
Time windows are selected, arrivals are

Local Data, Global Science
identified, phases are associated, events
are analyzed, and results are shared.  For
each earthquake, one can never predict
which pathway will lead to a new
discovery and which location will
provide the critical data.

This issue of the IRIS Newsletter
features articles (along with additional
commentary) on the global bulletins
produced by the US Geological Survey,
the International Seismological Centre,
and the International Data Center for the
Comprehensive Nuclear Test Ban
Treaty.  While few of us pay attention to
the vast infrastructure (both technical
and political) that routinely provides us
with global earthquake information at
the “click of a mouse”, none of us could
imagine doing our science or teaching
our courses without it.

Because of its proximity to Washington, DC, earthquake reports sent from the Georgetown
University Observatory (established in 1909) were often the first to be received by the US
Government.  Pictured above, the Dean of the Graduate School reads a Roman ritual as
part of the blessing for the new seismograph installed in 1959. (See story page 21)

Explosions associated with the Kursk
disaster on August 12, 2000 as recorded
by IRIS station KEV in Finland. (page 27)
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History of the NEIC

1925 Seismology Program established by US Coast and Geodetic Survey/
Department of Commerce

1928 Annual US Earthquakes series initiated

1940 Preliminary Determinations of Epicenters first published

1960 Electronic computer programs for epicentral determination became
operational

1963 Routine computation of m
b
 magnitudes began

1966 NEIC established by the Environmental Science Services Administration
(ESSA)/Department of Commerce in Rockville, MD

1968 Routine computation of M
S
 magnitudes began

1970 NEIC transferred to National Oceanic and Atmospheric Administration
(NOAA)/ Department of Commerce

1972 NEIC moved to Boulder, CO

1973 NEIC transferred to US Geological Survey/ Department of Interior and
moves to Golden, CO

1981 Routine computation of moment tensor began

Earthquake Bulletins and Catalogs at the USGS
National Earthquake Information Center
Stuart A. Sipkin, Waverly J. Person, and Bruce W. Presgrave
US Geological Survey National Earthquake Information Center

This year marks the 75th anniversary
of the National Earthquake Information
Center (NEIC) and its predecessors in
the Departments of Interior and
Commerce, and the 60th anniversary of
the first issue of the Preliminary
Determination of Epicenters (PDE).
The PDE for 1949 contained the
locations of 120 earthquakes; by 1998,
the number had grown to 21,688.

Prior to 1960, the year electronic
computer programs for epicentral
determination became operational, all
earthquakes were located by drawing
arcs on a globe with a compass. The
photos (opposite) compare analysts
locating an earthquake ca. 1965 (when
the globe was still used for “rapid”
response purposes) to the methods used
today.  Other milestones in the history of
the NEIC are listed on the below.

NEIC Bulletins and Catalogs
The NEIC produces a number of

bulletins and catalogs on different
time scales:

• “Finger List”,

• Quick Epicenter Determinations
(QED),

• Preliminary Determination of
Epicenters (PDE), and

• PDE Monthly Listing.

Each succeeding product contains
solutions reworked with more data. In
addition to providing earthquake
locations and magnitudes, these listings
also contain information such as
moment tensor solutions and descriptive
commentary.

The “finger list” is available via the
internet, e-mail, and pager.

Within two hours, this list includes at
minimum, most earthquakes in the
conterminous United States, Hawaii, and
the more populated areas of Alaska of
magnitude 4.5 or greater, most other
earthquakes in the United States of

magnitude 5.5 or
greater, and most
foreign earthquakes of
magnitude 6.5 or
greater. For most
earthquakes fitting
these criteria, a press
release is also issued.
In practice, many
foreign earthquakes
smaller than a
magnitude of 6.5 are
also included on the
“finger list” within
two hours, especially
during the work week.
Typically, such events
include earthquakes in Mexico, central
America, and northern South America of
magnitude 5.0 or larger, earthquakes in
central and southern South America,
Japan, and the Kuril Islands of
magnitude 5.5 or larger, and most other

foreign earthquakes of magnitude 6.0 or
larger.  Within 24 hours, during the work
week, most earthquakes in the
conterminous United States with a
magnitude of 3.5 or larger, in the
populated parts of Alaska with a

Number of Earthquakes Published
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magnitude of 4.0 or larger, in Hawaii
with a magnitude of 4.5 or larger, in the
Aleutian Islands with a magnitude of 5.0
or larger, and elsewhere in the world
with a magnitude of 5.5 or larger will be
provided on the “finger list”.  Most
earthquakes in the United States that are
felt will be provided on the “finger list”
list on a 24-hour basis even if they are
smaller than the criteria above.  Events
in energetic aftershock sequences that
meet the 24-hour criteria, but not the 2-
hour criteria will be included on the
“finger list” at the discretion of the
analyst.  On weekends and holidays,
posting events that meet the 24-hour
criteria is on a best effort basis by the
on-call analysts.

The Quick Epicenter Determinations
(QED) is a daily publication of
earthquakes that is available by e-mail
and the internet, and reports 15-20 events
per day.  Events on the QED are
reworked until 7 days after the date of the
event. The on-line listing contains events
from the current date back through the
latest date published in the Preliminary
Determination of Epicenters (PDE).  The
PDE is a weekly publication that follows
the QED by about 5 weeks, listing the
location, magnitude, and felt effects of
450-500 earthquakes.  All earthquakes
published in the PDE are recomputed
using considerably more data than was
available at the time of publication in the
QED.  Many additional earthquakes,
which had insufficient data to be

Analysts locating an earthquake ca. 1965, and today.  Note that the compass in the 2000 photo is the same as the one being used  in 1965
and was an integral part of the NEIC Y2K Contingency Plan.

1965 2000

Number of Earthquakes Published in 1998

published in the QED, are located and
included in the PDE.  The final catalogs,
published about 4 months later, are the
PDE Monthly Listing and the Earthquake
Data Report (EDR).  Approximately
1,800 to 2,000 events are published in
each PDE Monthly Listing and EDR. The
EDR, which is available electronically,
shows all data used to compute the
earthquake hypocenters published in the
PDE Monthly Listing.

Because of improvements in
communications, leading to a much
greater amount of data available prior to
the publication of the PDE, the PDE
Monthly Listing is now simply a
compilation of all earthquakes listed in the
PDEs for that month, with the addition of
source parameter data and data from
contributed local earthquake bulletins that
have arrived in the interim.  Significant
Earthquakes of the
World is a publication,
updated weekly, that
gives information on
earthquakes that had a
magnitude of 6.5 or
greater, or that caused
casualties or
substantial damage.

Other Services
In an effort to

improve the
effectiveness of both
international and US
monitoring of the

Comprehensive Nuclear Test-Ban Treaty
(CTBT), we began publishing a catalog
of hypocenters and magnitudes of
suspected US mine explosions in May
1997.  This catalog is directed towards
the “confidence building” element of the
CTBT.  The Mine Explosion Bulletin is
only available electronically.

As World Data Center A for
Seismology, the NEIC maintains a
database of seismograph stations
throughout the world and their
international codes.  As of 1 January
2000 this database contained
information for 10,678 codes, of which
5,408 are listed as active.

In 1998, 21,688 events were published
in the PDE Monthly Listings.  Of these,
2,779 (12.8%) and 1,076 (5.0%) were
events within the 50 United States and
48 conterminous United States,
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Shallow (0-70 km)
Intermediate (71-300 km)
Deep (301-700 km)

respectively.  These events were located
using data from 2,384 stations,
approximately 2,000 of which are
outside the US  In 1998 over one-
million readings were received and
processed from these stations. A
“reading” indicates  all data from one
station for one event, sometimes known
as a “reading group”.

Magnitude Thresholds
The magnitude threshold at which

coverage is complete varies with
geographic region.  The reasons for this
are two-fold.  First is that the global
network of seismograph stations is not
spatially uniform.  The second is that not
all seismically active regions have a
regional or local seismograph network
that reports waveform and/or parametric
data to the NEIC.  The histogram on p. 3
is a logarithmic plot of number of
globally located earthquakes versus
magnitude for the year 1998.  In order to
get a rough idea of how magnitude
completeness thresholds vary by region,
we examined the data from each of the
50 regions first proposed by Gutenberg
and Richter (1954) and formalized by
Flinn and Engdahl (1965).  Examining
each region individually, we find
magnitude completeness thresholds
varying from 2.7 (Oregon, California,
and Nevada) to 5.3 (Southeastern and
Antarctic Pacific), with the majority of
regions in the range of 4.3 to 4.4.  Of
course, many smaller regions covered by
regional and local networks have a much
smaller threshold.

Error Measurements

The error bars of the computed
hypocentral coordinates are 90%
marginal confidence intervals
incorporating Baysian information to
stabilize estimates derived from small
samples (Jordan and Sverdrup, 1981).
It is assumed that the travel-time
errors of the data used are
independent, unbiased, and have an
expected standard deviation of 1 sec.
Monte Carlo experiments suggest that
the error bars give reasonable
estimates of hypocentral precision for
events constrained by more than
about 30 data.  The 90% error
ellipsoid for each event with a NEIC
solution (i.e. not contributed) is
published in the EDR, which is
available on the NEIC ftp site
(gldfs.cr.usgs.gov).  However, care
should be exercised in interpreting
these numbers in terms of absolute
location accuracy because of
unmodeled biases.  Analysis of events
with independently known
coordinates indicates that most PDE
determinations are accurate to a few
tenths of a degree in epicentral
position and 25 km in depth. Because
of these uncertainties, verbal
descriptions of locations in news
releases are rounded to the nearest 5
mi and/or 10 km.

Since August 1983, NEIC m
b
 and

M
S
 average magnitudes have been

computed using a 25% trimmed mean
because studies (i.e. Buland, 1986)
have shown that these distributions
are non-Gaussian; they are too heavy-
tailed or contain too many data points
outside of what would be a normal
standard deviation.  This is reflected
by the observation that individual
station magnitudes vary by one order
of magnitude or more from the mean.
We believe that this is largely due to
focal mechanism (i.e. lobe versus
node) and to geologic structure, rather
than to errors in the data themselves.

Contributed local magnitudes and
locations are edited for gross errors,
but are otherwise published as
received.  We usually have no
information about the uncertainties of
these solutions.

Epicenters of the 21,688 earthquakes located by the NEIC in 1998.

What is in store for the future?
The software package used in the

routine analysis is currently undergoing
a complete revamping.  Several major
changes are being introduced and
include both a new, more flexible
database that will support a full range of
data types, a new analyst interface, and a
new location algorithm developed by
Engdahl et al. (1998).  The new location
package includes a more robust
regression scheme, a modern Earth
model such as ak135 (Kennett et al.,
1995) (or a closely-related model) that
will be adopted as the one-dimensional
reference model, and a statistical phase
identification algorithm (Buland, 1986)
that will be applied to later arriving
phases, permitting these later phases to
be confidently included with first
arriving P waves in all hypocenter
determinations.

Web-based Databases
Finger List:
http://neic.usgs.gov/neis/bulletin/
bulletin.html

QED:
ftp://ghtftp.cr.usgs.gov/pub/weekly/
qedevents.txt

Earthquake Catalog Search:
http://neic.usgs.gov/neis/epic/epic.html

Mine Explosion Bulletin:
http://neic.usgs.gov/neis/mineblast/

Station Book:
http://neic.usgs.gov/neis/station_book/
station_book.html
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International Seismological Centre Bulletin
Raymond J. Willemann, Director, International Seismological Centre

As recently as the
1960’s, seismological
investigations often began
by compiling readings
from several global
bulletins and re-
computing epicentres,
depths and magnitudes
using the combined data.
The global seismic
bulletins available in the
1960’s included the
International
Seismological Summary
(ISS) by the British
Geological Survey in
Edinburgh, the
Preliminary Determination
of Epicenters by the US
Coast and Geodetic
Survey in Washington, the Bulletin of
the Bureau Central International de
Seismologie in Strasbourg, and the
Seismological Bulletin of the Soviet
Academy of Sciences in Moscow.  The
International Seismological Centre
(ISC) was founded in 1964 to compile
readings from these and other sources
efficiently and routinely to a high
standard, allowing individual
seismologists working from the ISC
Bulletin to concentrate on further
investigation and interpretation.

There were few international
precedents for organizing such work,
and substantial commitments for direct
support were required from the founding
participants.  Seismologists from
national agencies of the US, UK, Soviet
Union, France, Canada, Australia and
New Zealand agreed to provide their
data freely to the new Centre—no small
feat in an era of growing efforts to
monitor nuclear weapon tests.  In
addition, each participant made a
commitment to help support the ISC
financially so that the new Bulletin
could be offered at low cost, thus
promoting wider distribution.

The result of these efforts was
profound: more than 350,000 phases
were used to compute the locations of

10,770 events in 1964, the
first year of ISC Bulletins.
This was a better-than
three-fold increase from
the number of events
reported  in the 1963 ISS.
Within a few years, the
ISC was more formally
organized with a set of
working statutes that
UNESCO helped to
formulate, and a
Governing Council of
representatives from each
member agency
contributing significant
financial support. Each of
the founding members
has continued supporting
the ISC for more than 30

years, joined regularly by agencies from
other countries.  Today the ISC receives
direct financial contributions from
nearly 50 countries and readings from an
even broader cross-section of the global
seismological community.  Thanks to
this comprehensive commitment, the
ISC now offers a Bulletin comprised of
more than 60,000 events annually as
illustrated below.

Preparing the ISC Bulletin requires
international collaboration.
Seismologists at individual stations and
national or regional agencies read
records, associate phase data within
networks, and compute preliminary
hypocentres.  Thus, there is no “ISC
network” of stations.  Instead, the ISC
has always aimed to be as
comprehensive as possible, associating
and reporting data from otherwise
under-represented regions whenever
they are offered.  The ISC does maintain
an International Registry of stations but,
in order to encourage the broadest
possible reporting, imposes only
minimal requirements for registration.
The number of registered stations has
grown to nearly 10,000, of which more
than 3,000 have contributed readings in
each recent year. The location of these
stations is shown on page 6.

The nine scientists on staff at the ISC
carry out the final work of grouping
independent hypocentres for the same
events, re-associating phase readings,
and re-computing hypocentres.  The
staff is comprised of experts from
around the world. Seismologists
working currently or within the last

A typical bimonthly issue
of the ISC Bulletin lists
more than 10,000
earthquakes and 300,000
associated readings.
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As the number of seismic networks and regional agencies around the world has grown,
the ISC has always aimed to provide a comprehensive global summary. The Bulletin now
includes more than 60,000 events annually.
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three years at the ISC have come from
New Zealand, Germany, Russia,
Canada, the United States, the Malagasy
Republic, Algeria, China and the
Philippines.

Britain has offered a variety of in-kind
support in addition to its financial
contributions.  The ISC was originally
housed in the Edinburgh facility of the
British Geological Survey, and moved to
southern England in the early 1970’s to
take advantage of computing facilities at
Rutherford-Appleton Laboratory.  Today
the ISC works in a building it purchased
in 1987 in the small town of Thatcham
and its home institution is the University
of Oxford, whose faculty members have
offered critical programming and other
support in recent years.

The format of the printed Bulletin has
changed over the years to offer the ever-
growing volume of readings in an
affordably compact layout.  For events
since 1995, the printed Bulletin is issued
bi-monthly and readings are included
only for shallow events larger than m

b

5.5 and deeper events larger than m
b
 5.0.

The ISC has always made its data
available in computer-readable formats,
formerly on custom-written tapes but
now on a set of standard CDs.  A new
CD is issued annually with the Bulletin
data (hypocentres and phase readings)
for a new year and Catalogue data
(hypocentres only) for the entire history

of the ISC.  For the sake of
compatibility with the existing programs
of seismologists around the world, the
ASCII files on the CDs continue to be
formatted in “96-column fixed format”
used in ISC tapes for several decades.
The ISC also operates a web site
(www.isc. ac.uk).  In the original spirit
of making the
Bulletin
available at the
cost of
reproduction, the
complete set of
ISC Bulletin
data are freely
available from
the ISC web site.
In an effort to
foster more
widespread use
of modern
standards, the
on-line Bulletin
is offered in IMS
1.0 format.

There is no
formal threshold
for including
events in the
Bulletin. The
ISC publishes a
location for each
event that it can
locate with a

reasonable degree of reliability using all
of the reported readings.  Because the
ISC aims to be comprehensive, the
number of events in the Bulletin has
grown over time.  Unfortunately, many
agencies reporting to the ISC fail to
include amplitude measurements so the
ISC is able to compute m

b
 or M

S
 for only

about 25% of the events it can locate.
Based on this minority of events, the
practical threshold of the Bulletin
estimated from magnitude-frequency
relations varies from one region to
another as illustrated on the map on the
next page. The threshold for including
events in the Bulletin without a
computed magnitude is significantly
better, but also variable from one place
or one year to another.

Despite the inevitable changes in
coverage over time as seismic stations
are opened and closed, the ISC has
maintained a uniformity in its
processing in order to make it as
straightforward as possible to compare
earthquakes from different years. Thus,
the ISC continues to use the Jeffreys-
Bullen travel time tables and to compute
hypocentres exclusively from first-
arrival times. Similarly, magnitudes

1996
Symbol Area Shows Number of Readings per Station

1991

Much of the growth in reporting through the early 1990’s occurred in already
well-monitored regions.  Further improvements are required in many parts of the world,
including some areas with moderate or high seismic hazard.

Senior seismologist Dmitry Storchak (left) is responsible to uphold
editing standards for the Bulletin.  He works with seismologists on 2
to 3 year appointments at the ISC, including Mamy Andrianarinna
(right) of the Malagasy Republic.
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continue to be computed from
teleseismic (21º–100º for m

b
, 21º–160º

for M
S
) amplitudes using the Gutenberg-

Richter attenuation tables.  The Bulletin
—in print, on CDs and on the Internet—
also continues to include macroseismic
data (intensities, felt and damage
reports) and other widely recognized
event parameters, such as the Harvard
Centroid-Moment Tensor solutions.

While maintaining continuity
remains important, advances in
seismological practice and information
technology have made it important and
practical to begin updating the
Bulletin. Building on the tradition of
drawing together efforts around the
world, the ISC is reporting more
source parameters computed
elsewhere, such as radiated energy,
stress parameters and source time
functions.  Starting in 2000, the ISC is
testing new location procedures,
including alternative algorithms,
additional phases, and more accurate
travel times. The ISC is also working
towards making reported readings and
preliminary hypocentres available on
its web site before they are analyzed in
the Bulletin.  Recognizing that
advances in earthquake physics and
earth structure often rely on
specialized measurements from raw
waveforms, the ISC is working to

integrate its Bulletin with waveform
archives, for example by implementing
the AutoDRM software developed at
Swiss Seismological Centre and the
NetDC software developed at the IRIS
Data Management Center.

Phase picks and event catalogues are
likely to remain the starting point for
many seismological investigations for
the foreseeable future. By providing this
information and up to date services, the

The ISC’s threshold for computing mb varies with the density of reporting stations
and on how comprehensively their records are read and reported. Only about 25%
of the events reported to the ISC include magnitude estimates. The threshold
based on this fraction is shown above.
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The threshold for completeness of the ISC Bulletin varies from place
to place, as well as from year to year. The “roll-off” of the global
magnitude-frequency distribution (shown) between m b 4.2 and 4.8
shows that the improvement in the threshold from 1994 to 1995 was
followed by a further improvement in 1996.

At higher magnitudes, however, the 1996 distribution is offset from
earlier years, and the 1997 distribution differs even more. The offset
is far too large to be attributed to natural variations in seismicity; it
is implausible that the typical number of mb 5.0 earthquakes was
nearly 400 through 1995, but that there were fewer than 200 in 1997.
The alternative is that the 1996 and 1997 curves are offset not
downward, but leftward. Looking at the offset this way suggests that
recent mb values are biased. That is, earthquakes are being
assigned smaller magnitudes than in the past.

Magnitude calculation procedures have not changed at the ISC, so
the most likely cause of a bias may be that the mixture of stations
reporting amplitudes to the ISC is changing, with newer stations
more likely to report small amplitudes. This could be a result of the
growing number of stations located on carefully selected low-noise
sites. The same properties that reduce noise at these sites might
also turn out to reduce signal amplitudes. Alternatively, the low
noise stations may be simply more likely to report amplitudes of
small signals that previously would have been lost in the noise.
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ISC will continue as an important
resource to seismologists and earthquake
engineers for years to come.

Additional Information
For additional information about the

ISC and their bulletins, see the ISC
website: www.isc.ac.uk and Willemann,
R.J., Regional Thresholds of
the ISC Bulletin, Seismol. Res. Lett., 70,
313-321, 1999.
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The CTBTO International Data Centre Bulletin
Robert G. North, Center for Monitoring Research, Richard A. Gustafson, Defense Threat Reduction Agency

The Comprehensive Nuclear Test Ban
Treaty (CTBT) requires an International
Monitoring System (IMS) to provide
signatories with the information needed
to verify compliance with the treaty.
The IMS consists of a worldwide
network of hydroacoustic, infrasonic,
radionuclide and seismic sensors,
connected by a global communications
infrastructure to an International Data
Centre (IDC) located in Vienna, Austria.
The IDC acquires data from the sensor
sites, authenticates and archives these
data, and carries out automatic
processing. The output of that
processing is analyzed, revised and
corrected, and the results are published
in several bulletins and reports.

 The Vienna IDC was established  in
1997. It now has a large multinational
staff and substantial computing
capability. The IDC began producing
regular bulletins in February 2000.

Software used for the IMS is the result
of extensive development and testing

concentrated at a Prototype IDC (PIDC)
at the Center for Monitoring Research in
Arlington, Virginia.  The ongoing

development draws upon the
results of an extensive
worldwide research program
over the last four decades, and
the techniques, procedures and
software have been thoroughly
tested in a series of
international experiments
devised by the former Group
of Scientific Experts (GSE)
that met in Geneva from 1976
to 1996 under the auspices of
the United Nations Conference
on Disarmament.  The last of
these experiments, the GSE
Third Technical Test (GSETT-
3), started in January 1995.  It
involved the transmission of
real-time continuous data from
worldwide seismic stations to
the PIDC, as well as requests
for, and receipt of, segments of
data from additional seismic
stations.  At the PIDC, these
data were processed and the
results analyzed and

subsequently distributed in a daily
Reviewed Event Bulletin (REB).

The GSETT-3 experiment forms the
basis of the seismic component of the
IMS, and was expanded in 1996 to
include the use of hydroacoustic,
infrasonic and radionuclide data.  The
original GSETT-3 network had a
disproportionate number of stations in
Australia, North America and Europe. In
July 1996, this number was reduced to
only those stations that were specified in
the Treaty as part of the 50-station
primary (continuous data) and 120-
station auxiliary (segmented data, on
demand) seismic networks.  In February
2000, 30 of the primary stations, and 32
of the auxiliary stations provided data to
the PIDC.  A significant number of the
auxiliary stations were installed by IRIS,
and several of the primary stations have
IRIS affiliations. The map above shows
the seismic component of the IMS
network.

The processes used by the PIDC to
produce the REB are different in several
important respects from those of other
agencies—such as the USGS NEIS and
the ISC—which cover global seismic

IMS seismic stations, distinguishing array/3-C and primary/auxiliary, filled symbol if
data received in February 2000 and open otherwise.

Date Time Lat Lon Nph Depth Mag Region
1998/05/11 00:16:12.0 13.84S 170.43E 6 604.8mb 3.1 VANUATU ISLANDS REGION
1998/05/11 00:25:48.8 39.84N 42.33E 11 55.4 mb 3.6 TURKEY
1998/05/11 00:58:11.0 31.98N 130.73E 9 76.4 mb 3.5 KYUSHU, JAPAN
1998/05/11 01:13:36.7 46.61S 42.63E 8 4.0 PRINCE EDWARD ISLANDS REGION
1998/05/11 01:17:47.0 11.26N 97.31E 4 3.8 ANDAMAN ISLANDS, INDIA
1998/05/11 01:34:33.8 8.40N 103.08W 20 4.7 OFF COAST OF MEXICO
1998/05/11 01:37:42.0 8.64N 104.91W 7 3.8 OFF COAST OF MEXICO
1998/05/11 01:54:42.4 23.32N 122.78E 5 3.8 TAIWAN REGION
1998/05/11 02:24:27.0 42.56N 148.46E 16 53.1 mb 3.5 OFF COAST OF HOKKAIDO, JAPAN
1998/05/11 02:48:56.5 33.35S 68.39W 7 4.4 MENDOZA PROVINCE, ARGENTINA
1998/05/11 04:00:19.9 17.40S 174.53W 6 4.1 TONGA ISLANDS
1998/05/11 04:01:37.6 3.07S 142.31E 16 4.7 NEAR N COAST OF NEW GUINEA, PNG.
1998/05/11 04:06:37.6 27.58N 141.12E 11 48.7mb 3.8 BONIN ISLANDS REGION
1998/05/11 04:41:30.5 2.75S 141.22E 3  3.5 NEAR N COAST OF NEW GUINEA, PNG.
1998/05/11 05:07:24.4 40.28N 48.91E 8 4.0 EASTERN CAUCASUS
1998/05/11 06:02:54.6 2.89S 142.30E 5 3.8 NEAR N COAST OF NEW GUINEA, PNG.
1998/05/11 06:06:08.5 13.46S 166.30E 7 45.6 mb 3.9 VANUATU ISLANDS
1998/05/11 06:18:54.1 16.29S 178.68W 6 3.9 FIJI ISLANDS REGION
1998/05/11 07:13:20.6 18.37S 171.65W 3 3.5 TONGA ISLANDS REGION
1998/05/11 07:33:09.1 22.28S 175.79W 3 3.5 TONGA ISLANDS REGION
1998/05/11 07:36:18.6 39.20S 177.34E  3 3.6 OFF E. COAST OF N. ISLAND, N.Z.
1998/05/11 08:47:31.5 13.77N  91.94W  7 3.8 NEAR COAST OF GUATEMALA
1998/05/11 09:07:50.6 12.08N  87.76W  4 3.8 NEAR COAST OF NICARAGUA
1998/05/11 09:31:16.0  8.34S 159.01E  3 3.6 SOLOMON ISLANDS
1998/05/11 09:39:10.4 36.29N  70.82E  9 223.8mb 3.4 HINDU KUSH REGION, AFGHANISTAN
1998/05/11 09:48:58.6 63.15S 146.09E  5 3.8 SOUTH OF AUSTRALIA
1998/05/11 10:13:44.2 27.07N  71.76E 72 5.0 INDIA-PAKISTAN BORDER REG.

Partial list of seismic events recorded by the PIDC
for May 11, 1998, including the Indian nuclear test
(mag. 5.0).
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The PIDC has substantially increased the completeness of
the global bulletins produced by the USGS NEIS and the ISC.
Both agencies use PIDC phase readings in the preparation of
their bulletins. The figure at right shows that the number of
events recorded at teleseismic distances that were reported by
the NEIS jumped significantly in 1995 from earlier levels.
This is a combination of phase reports being available to
locate more such events (about three-quarters of the increase)
and body-wave magnitudes being reported by the PIDC for
events that would otherwise not have such a magnitude
assigned (the remaining quarter). It was noticed that the PIDC
magnitudes were somewhat lower than those of other stations
reporting to the NEIS, so the NEIS discontinued use of the
PIDC station magnitudes in August 1996. The ISC, however,
also studied this and decided not to exclude PIDC magnitudes
from their bulletins for several reasons (see www.isc.ac.uk/
Documents).

The PIDC contributed nearly half of all the teleseismic P
amplitudes reported to the ISC. While the PIDC reports the
amplitude and period of every observed P wave, most other
stations and agencies only do so rarely. Furthermore, the
additional capability provided by the PIDC greatly reduced

Impact on Other Bulletins

activity.  The unique aspects of the REB
include:

• the limited size of the network, with
a high proportion of very sensitive
arrays

• all waveform data used are digitally
recorded, and acquired directly by
the PIDC within hours of real time,

• initial signal detection and network
processing are uniform and
completely automated

• processing and analysis includes the
direct use of directional information
(azimuth and slowness) from both
arrays and three-component
stations

• the automatic phase readings and
event associations are all uniformly
reviewed, corrected and
supplemented by a small team of
analysts who interact directly with a
large relational database,

• in northwestern Eurasia, and most
of North America, path-dependent
travel-time curves for regional
phases (P

n
, L

g
, etc.) based on

empirical data are used in event
location

• magnitude estimates (m
b
, M

s
, and

“M
L
” based on P

n
 amplitude) are

completely automated.

M
s
 measurements

take into account
variations in
surface wave
velocity across the
surface of the earth
(Steven and
McLaughlin, 2000)

• bulletins are
completed and
issued within a few
days of event
occurrence (2 days
through 1996, and
from 2-6 days
thereafter) by the PIDC. This is
considerably faster than the NEIS
(~6 months to final bulletin) and
ISC (2 years).

The use of directional information
allows events to be detected and located
by only one station, because azimuth can
be combined with distance derived
directly from slowness, or determined
from the relative arrival times of different
phases, such as P and S, from the same
event at a given station.  The PIDC
combines this information from as few as
three stations to form a more reliable
estimate.  This means that the PIDC
bulletin contains many more small
teleseismic (seen to distances of greater

than 2000 km) events than the NEIS or
ISC, which generally require
observations by at least five stations to
“form” an event.

The PIDC (and IDC) bulletins
include many parameters not included
in the other global Bulletins.  Event
location accuracy is expressed in terms
of a “confidence ellipse” rather than
standard errors in latitude and
longitude.  In addition to computing an
event average (of station values)
magnitude, maximum-likelihood body
and surface wave magnitudes that take
into account those stations that did not
record the event are also computed
(Ringdal, 1976).  These degenerate to

the number of events appearing in the ISC bulletins that had
not been previously reported by other agencies. This last
effect is particularly pronounced in oceanic regions, where the
ISC had, up to 1994, located several hundred “new” events
each year. The contribution of the CTBT International
Monitoring System to global seismology can be expected to
increase as the network is completed and the centralized
processing and analysis systems at the IDC are improved.

1996

1995

1994

1993

1992

1991

1990

CTBT International Data Centre, Vienna, Austria.
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“upper-bound” magnitudes if there are
no teleseismic body-wave observations
(m

b
), or no surface waves (M

s
) are seen.

It is possible to compute these because
continuous data are available for the
primary stations, and thus noise levels
at the predicted signal times can be
measured.  In addition to the standard
station, phase, arrival time, time
residual and amplitude/period/
magnitude values, the phase reports
include azimuth and slowness values
and residuals, and signal to noise ratio.
The last is a better indicator of the
quality of the phase picks than the
traditional “impulsive” and “emergent”
notations.

Approximately 10% of events in the
REB are believed—largely on the basis
of their location—to be industrial
explosions for mining or other purposes.

An extension of the REB, the
“Standard” Event Bulletin or SEB,
includes additional measurements
specific to the identification of an
event as either natural or artificial.
These comprise various measures of
energy content in different wave
types (P, S, L

g
, etc) and frequency

bands, as well as indicators of
waveform complexity. Because event
depth is an important discriminant
(those more than a few km deep are
almost certainly natural) the analysts
pay particular attention to finding
“depth phases” (surface reflections
pP, sP, etc).  This task is greatly
facilitated by the ability to display
waveforms from many events at the
same time and look for distinctive

patterns of phase signals—a luxury
not available when an analyst at a
single station reports to an agency
such as the NEIS or ISC.

Many earthquakes occur under the
oceans or near coastlines, and T-phases
(seismic waves coupled into the ocean)
are reported in the REB for over 20% of
all events. Infrasonic observations are
much rarer, but have been reported in
the REB in connection with large
earthquakes.

Bulletin Distribution
The PIDC bulletins have been widely

distributed by the www.pidc.org web
page, an email-based AutoDRM system,
and through subscriptions, which
provide regularly emailed bulletins that
can be tailored for the recipient.

The PIDC web page also provides
access to monthly “Performance
Reports”; daily summaries of station and
communications link status; hourly
summaries of overall IMS network
performance in the form of “threshold
monitoring”; descriptions of significant
system changes, which must be
approved in advance; and
documentation of software, procedures
and formats used.

Summary
The IDC that is an integral part of the

CTBT verification system can, as
demonstrated by the prototype IDC,
contribute significantly to the reporting
of earthquakes and other phenomena,
both natural and man-made. The rapid
processing and analysis of data, and
distribution of the results, has already
improved the monitoring of earthquakes
by other agencies, but will not supplant
their role as the recognized authorities
on global seismicity, using a much
broader range of data sources. Many of
the processes and techniques developed
for the IDC could be used by these other
agencies to improve their products.

Additional Information
For additional information about the

Prototype International Data Centre, visit
their website at www.pidc.org. The CTBT
Organization in Vienna website
(www.ctbto.org) provides information about
the International Data Centre in Vienna.

The analyst room at the PIDC, where all the processing and analysis that results in
the Reviewed Event Bulletins is carried out.

The PIDC openly distributed the REB from January 1, 1995 to February 20,
2000.  On February 21, 2000, the IDC in Vienna assumed responsibility for
generation and distribution of products such as the REB. As a consequence, the
PIDC discontinued daily bulletin production. (Bulletins up until that date are
still available from the PIDC.)

At present, the Vienna IDC does not provide open access to the REB. It is
expected that this situation will change eventually. Organizations such as the
Federation of Digital Seismograph Networks (of which IRIS is a leading
member), the International Association of Seismology and Physics of the
Earth’s Interior, the International Union of Geodesy and Geophysics, the
American Geophysical Union, and the Seismological Society of America are
actively campaigning for open access to the IMS data. see AGU/SSA Joint
Position Statement, p. 21, and Seismologists Campaign for Open Data, p. 19.

Future Access Uncertain
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While the scatter is large, there is a
clear and significant offset between
the m

b
 values of the Prototype

International Data Center (PIDC) and
those of the US Geological Survey
(USGS) National Earthquake
Information Center (NEIC), with the
IDC values being lower
by about 0.3 magnitude
units. In fact, the offset
is even larger than it
appears here in that the
NEIC began
incorporating PIDC
data into their
published m

b
 estimates

as the Group of
Scientific Experts
Technical Test-3
(GSETT-3) experiment
progressed (a practice
which has since been
discontinued by USGS)
and this resulted in a
systematic decrease in
the NEIC m

b
 values by

about 0.1 magnitude
units during the period
of 1995 to 1996. Thus,
the actual offset
between the PIDC (and
now IDC) and USGS
NEIC historical m

b

values is about 0.4
magnitude units.

Although there is currently no
consensus on all the causes of this
offset, the following contributions
have been identified.

(1) The PIDC/IDC employs the
Veith/Clawson correction factors for
the effects of epicentral distance and
focal depth on m

b
, while NEIC

employs the original Gutenberg/
Richter corrections. The difference is
further complicated by the fact that the
IDC default focal depth is zero, while
the NEIC default focal depth is 5, 10
or 33 km, depending on event

Magnitude Bias in Global Bulletins
Jack Murphy and Brian W. Barker, Maxwell Technologies

location. It has been demonstrated that
the combination of effects due to these
two differences contributes about 0.1
magnitude units to the observed offset.

(2) During the time period
represented, single station data
reported to the USGS by Australian

(and perhaps other) stations corrected
maximum trace deflections to ground
motion using the nominal instrument
gain at 1 Hz rather than the gain at
the measured period of the peak. The
difference led to overestimation of
the single station m

b
 values by more

than 0.2 magnitude units on average
at a number of stations. Although the
Australians have subsequently
modified their data reduction
procedures and the USGS has
demonstrated that this practice was
not widespread among the stations
reporting to NEIC, Australian station

PIDC and USGS NEIC m b values for 7,026 events from 1995 and 1996.
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∆
N = 7026
mb = -.295

data contributed nearly 20% of the
non-IDC station data used by the
USGS to estimate the m

b
 values in the

figure. As a result, the difference
contributed to the m

b
 offset shown.

(3) The primary and array stations
that contribute to the IDC were

carefully selected to be low
noise stations. Extensive
statistical analyses have
now indicated that they are
also low signal stations.
Application of station
corrections derived with
respect to large network
(IMS) m

b
 averages

produces an average
increase in the IDC m

b

values by about 0.2
magnitude units.

(4) It can be seen from
the figure that the observed
offset between the two
magnitude measures seems
to increase somewhat
above about m

b
 = 5. It is

believed that this shift is
primarily due to the fact
that the IDC P-wave
maxima are automatically
determined from the first 6
seconds of the initial P-
wave signal, while the
USGS values are defined as

the maxima in the whole P-wave group.
This can lead to significant differences
for large, slowly emergent earthquakes
for which the maximum P-wave
amplitude may occur later than 6
seconds after P-wave offset.

Additional Information
For additional information, see

Murphy, J. R. and B. W. Barker
(1996), "Preliminary Evaluation of
Seismic Magnitude Determination at
the International Data Center (IDC)"
Presented at the 1996 AGU Fall
Meeting, 15 December 1996.
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When most of us associated with the
IRIS Consortium speak of “seismic
data,” we usually mean seismograms.
But for much wider communities of
Earth scientists and engineers, for
policymakers—and for people in
journalism, emergency management,
nuclear test-ban monitoring, insurance,
and business generally—the basic
“seismic data” are not seismograms, but
products derived from seismograms. Of
these, the most important are lists of
earthquake and explosion locations, with
their origin times and magnitudes (or
some other measure of ground motion).
Such hypocenter lists, or seismicity
catalogs, are often backed up by a
published seismicity bulletin giving
measured arrival times at the detecting
stations—which may be regional or
teleseismic.

Bulletins of seismicity, whether they
are produced on a local, regional,
national, or global basis, are now
undergoing profound changes. Better
accuracy, and/or better coverage to
lower magnitude, has often been the key
to new insight into earthquake processes
and Earth structure, and has enabled
new levels of confidence in the ability to
monitor a region of interest. Of course,
new insights and new monitoring
capabilities are the very rationales upon
which much work in seismology is
funded.

Different Types of Bulletin
For some users, prompt reporting on

all types of seismicity is essential. For
others, the most complete catalog of
earthquakes or explosions is needed,
even if locations are not worked up
until a few years after the events occur.
For some users, accuracy of the
estimated event parameters
(hypocenter, magnitudes, moment) is
paramount and it is acceptable if
smaller events with poorly estimated
parameters are ignored. For other users,
it is more important to be sure that all

Future Directions for Global Bulletins
Paul G. Richards, Columbia University

possible seismic events are reported,
even if special studies later show that
some of these events are the result of
false associations, and/or have poorly
determined locations.

Since these different users cannot all
be satisfied with the same type of global
bulletin, it is helpful to consider the
production of a range of products.

Such a range of products would help
summarize seismic activity for many
interested users outside seismology —
in geophysical research, in quantitative
estimation of seismic hazard, and in
monitoring arms control treaties. For
users inside the research community of
seismologists these products could
provide feedback to the question of
where new stations should be sited.
Improved reporting on seismicity would

renew debate on the merits of borehole
instrumentation, and increase the
importance of quiet sites and station
reliability.

The commitment to produce an
accurate global bulletin that is complete
down to magnitude 4 (about 20 events
per day) is surely now a realistic goal
with openly available data. Since 70%

of seismicity occurs beneath the oceans,
and each decrease by one magnitude
unit corresponds approximately to an
eightfold increase in numbers of events,
it follows that there are approximately
50 events per day on continents with
magnitude 3. The goal of monitoring
down to magnitude 3 on continents
appears attainable on a time scale of
about a decade. The number of events
here, about 50/day, is comparable to the
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7577 earthquake locations estimated by the Northern California Earthquake Data Center, for
the Calaveras Fault from 1984 to the present. (a) Map view of events rotated along the 146
degree strike of the Calaveras Fault. (b) Depth section displaying earthquakes on the fault
with estimated source sizes based on a circular rupture model using a 3 MPa stress drop.
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number of events handled routinely by
regional data centers in seismically
active areas such as California. (Of
course, such data centers achieve
complete regional coverage well below
magnitude 3.)

New Procedures for Event Location
At present, all three of the global

bulletins described in this newsletter
rely heavily upon standard one-
dimensional Earth models for purposes
of interpreting arrival times, in the
process of iteration to find the best-

fitting location. Resulting location
estimates can still be quite accurate
provided there are enough reporting
stations, with no large gap in azimuthal
coverage. But for a sparse network, such
as the IMS associated with the CTBT, a
new approach must be adopted. It is

Improved location estimates using the correlation method for measuring relative
arrival times at each station and a double-difference technique (Waldhauser and
Ellsworth, Bull. Seismol. Soc. Am., in press). The same 7577 events are shown, and
on the same scale.  (a) Note the fine structure (seismicity lineaments) as well as
several off-fault structures.  (b) The great reduction of vertical errors shows that
seismicity is largely concentrated into several discrete bands that contain events of
widely varying magnitudes.  [Figures are courtesy of David Schaff, Goetz Bokelmann,
Greg Beroza, Felix Waldhauser, and Bill Ellsworth.]
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desirable to calibrate each IMS station
so that in effect the location of a new
event can be located with reference to
another event, whose location is known
accurately and which, preferably, is not
far from the new event. By using a
sufficiently large number of calibration
events, whose location is accurately
known and whose signals are detected
reliably at IMS stations, it is possible to
generate a station-based travel time
surface (a function of distance and
azimuth), for each seismic phase.
Different surfaces are needed for

different event depths. For CTBT
monitoring, the most important surface
is that for zero depth. The IDC has
begun using station-based empirically-
determined travel times for stations in
North America and northwestern
Eurasia; and plans are in place to obtain

and use such travel times for stations in
North Africa, the Middle East, and East
Asia. At present, errors in event location
are caused by pick errors and model
errors, with model errors being far the
larger (at least for events above about
magnitude 4.5). The use of station-
specific travel times can be expected to
achieve a significant reduction in the
model errors.

Looking further to the future, it will
be important to apply to global
bulletin production some of the new
methods of event location recently
found useful in regional studies. The
first method that has clearly been very
important, is the use of cross-
correlation techniques to measure
relative arrival times accurately for
two or more events observed at the
same station. Such an approach
reduces pick errors. The figures here
show catalog locations for about 8000
events on the Calaveras Fault,
California, and their relocations based
upon inversion of relative arrival times
determined by cross-correlation (work
reported by Schaff and others, at the
December 1999 AGU meeting: see
also http://pangea.stanford.edu/
~beroza/location.html). A key to such
future work, needing millions of cross-
correlations, is very fast access to
digital waveform data. The underlying
location method, developed by
Waldhauser and others (in press with
the Bulletin of the Seismological
Society of America), can use
conventional phase picks or cross-
correlations. It is based on a double
difference scheme that analyzes all
possible pairs of events, and their
relative arrival times at detecting
stations.

Bulletins of global seismicity are the
product of a vast community, rather than
of a few smart hard-working people. But
they reflect what the larger community
wants. Given what is achievable over
the next several years, this is probably
the time to think how archives of
seismic signals should be established, to
achieve the kinds of improvement in
seismic event location that now appear
possible.
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Eastern Turkey has for thousands of
years been a region of convergence for
European, Asian, Persian, and Arabic
peoples; a region where eastern and
western cultures come together.
Similarly the tectonics of Turkey can be
described as a place of convergence or
divergence of three continental plates.
The Anatolian sub-plate, the Arabian
plate, and Eurasian plate form a diverse
suite of tectonic boundaries.  Collision
of the Arabian and Eurasian plates is
currently occurring in Eastern Turkey
along the East Anatolian Fault Zone
(EAFZ) and the Bitlis suture.

The Bitlis suture/thrust zone and the
EAFZ mark a distributed, irregular, and
young continental collision zone as
shown in the figure below.  This
collision zone is further characterized by
a 1500 meter topographic high
(Anatolian plateau) with corresponding

Eastern Turkey Seismic Experiment
Eric Sandvol, Dogan Seber, and Muawia Barazangi, Cornell University, Ithaca, New York

Niyazi Türkelli, Cemil Gürbüz, Sadi Kuleli, Hayrullah Karabulut, Ekrem Zor, Rengin Gök,
Tolga Beklar, and Esen  Arpat,  Kandilli Observatory and Earthquake Research Institute,
Bogaziçi University, Istanbul, Turkey

Salih Bayraktutan, Atatürk University, Erzurum, Turkey

along the EAFZ (McKenzie, 1972).  The
slip along the NAFZ is approximately 2
cm/yr while the slip along the EAFZ is 1
cm/yr. This indicates that the escaping
Anatolian block is rotating counter-
clockwise as shown in the figure above.
This rate of westward slip does not
account entirely for the strain induced
by the 3.0 cm/yr convergence of the
Arabian plate with respect to Eurasia
(Dewey et al., 1986; Reilinger et al.,
1997); therefore, this deformation must
be accommodated elsewhere.  The North
and East Anatolian faults have been
active since the Miocene and are
associated with large pull-apart basins,
such as the Karliova Basin located at the
junction of these two fault systems.
GPS results from Reilinger et al. (1997)
indicate that the crust which lies to the
north and east of the Karliova junction is
deforming very differently from the
crust to the west.  In the east there
appears to be shortening of the
continental crust about 150 km north of
the Bitlis Suture, while in the west
escape tectonics seem to dominate.
There is no consensus on precisely when
collision between the Eurasian and
Arabian plates began.  The age estimates
of collision range from 12 Ma, based on

seismicity indicating that this region is
still actively deforming.  Tectonic
escape is taking place to the west, as
evidenced by the right-lateral strike-slip
movement along the North Anatolian
Fault Zone (NAFZ) (e.g., Reilinger et
al., 1997) and left lateral movement
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Summary tectonic map of eastern Turkey (modified after Seber et al., 1997).  The large
arrows are the approximate directions of motion of Turkey, Arabia, and central Iran
relative to Eurasia.  NAF=North Anatolian Fault; EAF=East Anatolian Fault; DSF=Dead
Sea Fault.
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volcanics shown are very young (< 2 Ma).
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Station locations for the Eastern Turkey Seismic Array.

After the installation of the final station at Silvan in southeastern Turkey.

stratigraphic discontinuities in Eastern
Anatolia (Sengor and Yilmaz, 1981) and
the beginning of collision related
volcanism (Pearce et al., 1990), to 20
Ma based on the convergence rate of the
two plates (Dewey et al., 1986).

The East Anatolian plateau and Bitlis
suture offer a unique and excellent
opportunity to understand the early
stages of continental collision and its
consequences: this understanding is also
essential to develop better models for
the later stages of this process. Until
now, the only well studied example for
active continental collision has been that
of India colliding with Eurasia and the
subsequent uplift of the Tibetan plateau.
In many respects the East Anatolian
topographic uplift can be thought of as a
younger version of the Tibetan plateau
(e.g., Sengor, 1979; Dewey et al., 1986;
Barazangi, 1989).  In order to
characterize the nature of this collision
zone and determine the geodynamics of
the collision we must resolve whether:
(a) continental subduction or
delamination is ongoing (Rotstein and
Kafka, 1982), (b) the Arabian plate
convergence is accommodated entirely
by an escaping Anatolian plate
(McKenzie, 1972), (c) there is an
Eurasian lithospheric thickening (Dewey
et al., 1986), or (d) a combination of
these processes is taking place.

In order to address these
important questions, we
have deployed a temporary
29 station broadband
PASSCAL array in eastern
Turkey as shown in the
map at right.  We designed
our array to greatly
improve our understanding
of the Bitlis/Zagros thrust
zones as well as the nature
of continental escape along
the EAFZ and NAFZ,
imaging upper mantle and
crustal structure in these
two fairly different tectonic
environments.  The average
station separation is
approximately 50 km for
the western line of stations
and 30 km for the eastern line.  Our
western traverse crosses a region where
it has been well documented that the
Anatolian block is escaping westward
(e.g., Reilinger et al., 1997).  Along our
eastern array, recent GPS results indicate
that the crust is being shortened.

This project is a collaborative, joint
research between Turkish and Cornell
researchers.  Scientists from Kandilli
Observatory and Earthquake Research
Institute (KOERI), Atatürk University,
and Cornell University began site
selection in August 1999 and were able

to locate safe and stable sites for almost
all of the stations.  Local government
officials provided very valuable
logistical support.  We chose sites that
allow for relatively easy station access
and offer security from vandals and
curious children (the latter evident in the
photo below).  In many cases we
installed seismometers within
government establishments.  At four of
the stations we arranged for local
residents to make sure that the station
would not be disturbed.  All station sites
were ready for deployment in mid-
September 1999.

Luckily we had excellent weather for
late October and early November on the
Anatolian Plateau and using two teams
consisting of three to four people each
(including two PASSCAL engineers)
were able to deploy two stations a day.
The entire array was installed in
approximately 2 weeks.  Most of our
stations were powered by solar panels,
however, we were able to arrange
continuous AC power at six of the
twenty nine station sites. These six sites
are located on the Anatolian Plateau and
experience rough winters.  In order to
ensure that all the stations were
operating properly, we visited each
station two to three weeks after
installation in November 1999.  Most
were working well, although we did
encounter a few problems with solar
panel power at the easternmost end of
the array. Using Linux laptops, we were

local permanent 
short period stations

PASSCAL
Broadband Stations
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A record section showing an SKS, pSKS, and SKKS phases recorded by the western-
most stations in the eastern Turkey network.  All stations show very clear evidence of
shear wave splitting other than station ILIC.

able to do all quality control in the field
which is essential given that our field
computer and headquarters are located
800 km away in Istanbul.

In order to ensure maximum data
recovery of local, regional, and
teleseismic waveforms, we are
recording 24 bit broadband data
continuously at 40 sps (samples per
second).  Data recorded at 40 sps
should provide high enough resolution
for accurately locating local events as
well as analyzing regional wave
propagation.  Using PASSCAL’s 4.1
GByte field disks and the REFTEK
72A’s data compression algorithm, we
plan to visit stations every 3 to 4
months.  All of the stations should be
accessible throughout the year since we
deployed them within a kilometer of
major roads.

 The data recorded by this array will
greatly improve our knowledge of
seismicity in this region by revealing
seismicity that would otherwise go
undetected.  The data we collect will
also  provide a much improved seismic
velocity model with which we can more
accurately locate earthquake
hypocenters.  A more complete catalog
of seismicity in Eastern Anatolia will
provide crucial information on national
earthquake hazards as well as improve
our understanding of the current
deformational patterns.  The lack of
broadband instrumentation in the
northern part of the Middle East makes
this data set very important to
understanding seismic hazard and risk
along the eastern portion of the NAFZ.
Furthermore, our stations will record the
very frequent seismicity of the Middle
East and Eastern Mediterranean.  We
also plan to use this extensive regional
data set to improve the current regional
wave propagation and Pn velocity
models (Hearn and Ni, 1994; Sandvol et
al., 2000) in the northern portion of the
Middle East.

Preliminary receiver functions for our
stations located along the Bitlis suture
suggest that there may be evidence for a
crustal root beneath the Anatolian
Plateau.  Moreover, initial analysis of
shear wave splitting shows that there is
no obvious change in mantle azimuthal
anisotropy across the EAFZ (see figure

at right); further data and analysis will
reveal if this is the case for the eastern
portion of the Bitlis Suture as well. In
the long term, data processed from this
project will help to address some
fundamental questions about the extent
and mechanism of this continental
deformation and escape.

Given the lack of geophysical
measurements in this region, determining
the optimal geodynamic model cannot be
treated as a simple binary hypothesis test.
Thus it will be essential to integrate all of
our seismological results with the large
number of geologic studies that have
been conducted in this region
(geochemical, geochronological, GPS,
etc.), creating a single database. This data
integration will allow us to choose the
most reliable tectonic and geodynamic
model of this active continental collision
zone.  Cornell’s Middle East and North
Africa GIS databases (see web site:
http://atlas.geo.cornell.edu) provide an
excellent starting point and mechanism
for this data synthesis and integration. We
plan to create an East Anatolian GIS
database and make it available via a
special web site.  These results will
constitute the first major broadband

seismological experiment in the Bitlis-
Zagros thrust and mountain belt and
should help enormously in our
understanding of the continent- continent
collisional processes.
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Kamchatka: Edge of the Plate
Jonathan M. Lees, Mark Brandon, Jeffrey Park, Vadim Levin, Yale University
Alexei Ozerov, Evgenii Gordeev, Russian Academy of Sciences
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New PASSCAL data have been
acquired along the extent of the
Kamchatka Peninsula to examine the
interaction of the Pacific Plate and the
mantle in the corner junction of the
Aleutian and Kamchatka trenches. The
project, called the Side Edge of
Kamchatka Slab, is a
collaborative effort between
researchers at Yale University and
the Russian Academy of Sciences
Institutes in Petropavlovsk-
Kamchatski, in particular the
Institute of Volcanology (Alexey
Ozerov) and KOMSP (Evgenii
Gordeev). In Russia, Kamchatka
is known as the caboose, the last
car on the train. It is practically
the farthest one can get from
Moscow, the center of cultural
life in Russia.  Being nine time
zones away from the financial
centers creates a sense of
isolation and liberation. For
Russians, Kamchatka is a land of
dreams and possibilities, much as
Alaska is the last frontier for
Americans.  This gives one the
sense that being in Kamchatka is
like being on the edge of the
world. The majestic volcanoes,
the continuous seismicity and
the incredible geology are
omnipresent reminders that this
is a special place.  The relentless
subduction of the Pacific plate
plunges beneath Kamchatka,
70mm per year.  Kamchatka is
home to 29 active volcanoes,
and neighbor to the Bering
strike-slip fault, marking the
western end of the Aleutian-
Komandorsky Islands. This land
mass provides an exceptional platform
for investigating the interactions of
volcanism, tectonics, and mantle
dynamics.

We installed 15 broadband PASSCAL
instruments along the length of the
Kamchatka Peninsula.  Each station

included a Guralp 3T sensor, housed in
an established short-period seismic
station or other existing structures to
protect against the harsh environment.
Nearly all stations had backup power
systems, including dry cell batteries,
solar panels and local, though

intermittent, electricity outlets.  During
the duration of this installation, Russia
suffered significant financial crises,
which translated into erratic fuel supply
to power stations and considerable chaos
in heating and power to individuals and
institutions  alike.  In spite of these

difficulties, we are fortunate to
announce at least an 80% return on the
seismic signals for most of the duration
of the experiment.  The high level of
technical expertise in the Russian
Institutes was critical to the success of
our experiment.

Description of the SEKS
Experiment

In this PASSCAL experiment
we address issues related to the
transform-trench double
junction in Kamchatka: What
are the implications for the crust
and upper mantle?  The surficial
manifestation of the connection
is the massive Bering strike slip
fault, extending from Attu
Island westward towards
Kamchatka.  In Kamchatka, the
margin between the Pacific
Plate and North America takes a
sharp turn south, towards the
Kurile trench and Japan.  How
does the Pacific plate
accommodate this sharp
apparent bend?  We have
proposed a new model for the
northern extent of the
subducting Pacific Plate and
outline the implications for flow
in the upper mantle.

There are two possibilities to
explain the Aleutian/Kamchatka
connection.  The first employs a
laterally continuous slab, the
Pacific plate, which subducts
uninterrupted below both the
Aleutians and Kamchatka. This
model requires the Pacific Plate
north of Bering fault to move
laterally through the mantle and

bend around the Kamchatka corner. It
predicts the presence of a large body of
cold slab in the upper mantle, northwest
of the Kamchatka/Bering intersection. A
second, alternative, model is that
subduction in Kamchatka is parallel to
subduction in the Aleutians, and there is

Installing a PASSCAL seismo-acoustic station at
Karymsky Volcano, August, 1997. Jeff Johnson, a student
from the University of Washington is connecting a 3
component Guralp 40T. The experiment included infra-
sonic accoustic recordings of the explosion events that
occured every 5-15 minutes on average.
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Plan view of the SEKS array.  The target was to
straddle the intersection of the Aleutian Arc (Bering
Fault) with the Kamchatka Arc. GSN stations PET and
MA2 are shown in gold.
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on SEKS array
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depth
earthquake in
southeast
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no connection between the
slab below the Bering Sea
and the slab in the
Kamchatka region. In this
model a tear between
Kamchatka and the Aleutian
subduction zones isolates
and separates these bodies.
Furthermore, the upper
mantle would be open to
flow through the tear
beneath the Komandorsky
Basin.  It is primarily the
second—the tear-model—
that we consider in this
paper.  The purpose of our
study is to test these
alternative models.

The main surface
observation connecting the
Aleutians and Kamchatka is
a very long strike slip fault
that starts in the Aleutians
and ends in central
Kamchatka, slightly north
of the Kliuchevskoy group
of volcanoes.  The Bering
fault is over 1,000 km long
and has been studied in
some detail by Russian and
western researchers. Nearly
all earlier studies suggest
that the Bering fault is

strike slip, with relatively shallow
seismicity.  The Bering fault
separates the Komandorsky part of
the North American plate from the
Pacific plate.  Young Komandorsky
basin is juxtaposed against much
older Pacific slab. The Komandorsky
basin contains an older spreading
center, which ceased approximately
10 million years ago. There is very
high heat flow in the Komandorsky
basin, as opposed to heat flow in the
adjacent Pacific slab.  Gravity
studies show that the Komandorsky
basin is relatively thin compared to
the much thicker, older Pacific plate.

Mantle Dynamics
The implications for a tear in the

subducting Pacific plate are
numerous and essential for our
understanding of mantle dynamics.
In the past, researchers have
primarily concentrated on two-
dimensional models of the flow in
the mantle, where slabs are typically
represented as infinite planes in a
half space. The introduction of a
tear, however, forces us to consider
the three-dimensional nature of flow
in the mantle. What happens near the
edge of the exposed end of a
subducting plate? How is flow near

the edge modified by
the more complicated
boundary conditions
and how do these affect
the very nature of the
slab itself?  Our initial
studies have focused on
heating of slab by
conduction and
convective ablation.
The shallowing of the
seismicity in the
northern part of the
Kamchatka Arc
suggests parts of the
slab are potentially
missing or have thinned
considerably.

Anisotropy
If slab rollback and

trench-parallel
asthenospheric flow are
important, then a
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Installation at Zupanova, a station on the coast.  A small shelter was used to protect
instrumentation from extreme weather conditions. Russian M-8 helicopters were used
for transportation to many of the stations in the SEKS array.
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northward pattern of mantle flow should
be clearly apparent in observations of
velocity anisotropy.  Initial results from
studies of shear wave splitting in the
mantle below Kamchatka suggest that
there observable trench parallel
anisotropy is small below the broadband
array or offshore.  Several observations
in our northernmost stations, however,
show significant anisotropy trending
northwest-southeast, nearly parallel to
the direction of the Pacific Plate.  These
observations seem to agree with the
model that mantle is straining past the
edge of the exposed slab north of the
Aleutian-Kamchatka juncture.

Volcano Geochemistry
Most melts at volcanic arcs are

formed in the mantle wedge, but
experimental and geochemical research
has identified subduction zones where
the crust of the slab has apparently
melted. Oceanic crust, however, is
refractory and much higher temperatures
are required to melt it relative to the
more liable mantle. These crustal melts,
or slab melts, were first described in the
Aleutians where they are now called
adakites. Their distinctive geochemical
signature has been recognized in many
places, including the Kamchatka arc.
Factors favoring slab melts include
subduction of a young (hot) plate, slow
subduction allowing heating at shallow
levels, and slab edges where
asthenospheric heating can produce

Katrin
Batereau and
Jonathan
Lees install a
station on
the flanks of
Klyuchevskoy
Volcano.
In the
background
are extinct
volcano
Kamen and
extremely
active
Bezymianni,
the great
lateral blast
volcano from
1956.
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sufficient temperatures for crustal
melting.  Volcanoes above the
Kamchatka corner show evidence of
slab melts.  Seismic data provide an
opportunity to study the slab for
evidence of hot spots where crustal
melting might be occurring.

Karymsky Volcano
Opportunities for exploring various

aspects of geophysics abound in
Kamchatka.  During the SEKS
experiment, we were fortunate to
witness the ongoing explosive activity
of Karymsky Volcano. Karymsky is
located in a vast caldera complex,
comparable in size and activity to Long
Valley Caldera in California. On January

1, 1996, a M7.0 earthquake triggered
massive eruptions of Karymsky Volcano
and nearby Karymsky Lake. Since the
initial eruptions, Karymsky has
continuously erupted in Strombolean
mode, exploding every 5 to 15 minutes
for nearly 4 years. The numerous,
repetitive small explosions provide
excellent multiplicity of volcanic events,
recorded annually by the members of the
SEKS working group and students. In
addition, observations of infrasonic
acoustic (Jeff Johnson, University of
Washington), COSPEC (Phil Kyle, New
Mexico Inst. Tech; Toby Fischer,
Berkeley), gravity (Emily Brodsky,
Caltech), GPS (Dan Johnson, Central
Washington University) and petrologic
analyses (Alexei Ozerov, Institute of
Volcanology, RAS) are being combined
to distinguish models of conduit
dynamics that control explosive activity.
Our efforts in Kamchatka thus span
several orders of magnitude in scale,
from mantle to volcano conduit
dynamics.

Conclusion
While the challenges were daunting,

we found the overall experience of
working in this remote part of the world
rewarding and exhilarating. Initial
inspection of the data suggests we have
a unique data set illuminating the
subduction zone, the volcanic front and
the tectonic relations between the active
Kamchatka arc and the Bering-Aleutian
transform.
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12th Annual IRIS Workshop

On a clear May day in Rockport Maine, the 12th Annual IRIS
workshop opened with the traditional icebreaker reception. Continuing
in the mode of interactive workshops, the agenda included not only
formal talks, but also poster sessions, program forums, science caucus
meetings, and planning groups.  Concurrent
sessions gave workshop participants the
option of reviewing posters, participating in
planning exercises, or reviewing the current
status and future plans for each of the IRIS
facilities. Although Maine weather
cancelled a few of the planned field trips,
large numbers of both golfers and non-
golfers braved down-pouring rain for
the first annual IRIS scramble
“extreme” golf tournament.

The plenary science lectures
organized by Tom Jordon provided
overviews of the ‘fin-de-siecle”
earthquakes, the lower mantle, and
high-performance seismic arrays. Program forums included

hands-on demonstrations for
requesting data and discussions of
future facilities.  Four science caucus
meetings identified regional scientific
objectives for USArray.  The results
of the science caucus meetings were
presented at the final dinner by
Caucus Chairs Kay Shedlock,
Monica Kohler, Christine Powell,
and Karen Fischer.  Poster
sessions and demonstrations
provided an on-going structure
for informal discussions and
interaction. Recommendations
from the workshop have
already been implemented
into IRIS program plan
development and
USArray.
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Rev. John M. Daley, Dean of the Graduate
School, reads the Roman Ritual as part of
special blessing for a new seismograph
being installed in 1959 at the Seismological
Observatory at Georgetown University.
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From the Archives
The Georgetown University

Observatory (GEO) was founded
in 1909 with a donation from a
university alumnus. Because it
was so close to Washington, GEO
was often the first station to
report earthquakes.  Earthquake
reports from Georgetown were
often seen in newspapers or heard
on radio and television news
programs across the nation
through much of the last century.

The seismic station reported to
the Preliminary Determination of
Epicenter (PDE) Office of the

United States Coast and Geodetic
Survey in Washington, DC.

GEO also sent  revised
readings to the Central Station of
the Jesuit Seismological
Association at St. Louis
University.  The Central Station
published data from Georgetown
and other Jesuit seismographic
stations in the United States.
The data would also be included,
several years later, in the
International Seismological
Summary published at the Kew
Observatory, England.

A primary goal of the IRIS E&O
program is the integration of research and
education. In 1998, IRIS E&O initiated a
summer research internship program to
directly expose undergraduate students to
current seismological research.

The objectives of the program are to
enable students to experience
seismological research and to present a
student-led paper at a professional
scientific meeting during the following
academic year. Funding is provided both
for the summer research experience, and
for travel to the subsequent professional
meeting. We target students at non-
research institutions and those students
with little or no exposure to seismology.
Students are hosted by seismologists
from IRIS member institutions.
Internship projects to date have covered
a wide variety of field and laboratory-
based investigations. Students
participated in fieldwork in China,
Alaska, the Rockies, the Los Angeles
Basin, and Puget Sound, and developed
seismology-based K-12 lessons.

The internship program was initiated
in 1998, with two host-intern matches.
The program was expanded in 1999, and
nine presentations, most of them student-
led, have been submitted to professional
meetings during the 1999-2000
academic year.

The undergraduate internship program
highlights the opportunities for closer
relationships between IRIS and non-IRIS
institutions and has several benefits, both
to IRIS and to the participating
individuals (hosts and students). The
program increases the exposure to
seismology of a cadre of students that
will go on to wide variety of careers. The
research experience it provides is an
invaluable experience for those students
contemplating graduate school. The
opportunity for students to attend a
professional meeting encourages hosts to
develop focussed internship projects and

IRIS Summer Internship Program

1998 IRIS intern, Margaret Boettcher (right) installs seismometers at Changbai Shan
Volcano Ching with host professor Francis Wu (left).

provides students with a sense of
accomplishment. Attending a
professional scientific meeting enables
former interns to network with each
other and with other geoscientists, share
their experiences, and to investigate
graduate school and other career
opportunities in the geosciences.

Further information on the Summer
Undergraduate Internship Program is
available on the IRIS E&O web site,
including reports from previous interns and
application information. Details on how to
apply for the 2001 program are also given
at the end of this Newsletter.
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Data from FINGER, QED, weekly and monthly
HDF files and the ISC event catalogs (going back to
1964) are now available through the DMC. Using
SeismiQuery—the DMC’s web-based database
interface—you can query events based on magnitude,
location, time and catalog. There is even a catalog
query option (called “PREFERRED”) that will filter
the event list, returning only those events from the
most accurate catalog available for the time period
requested. In addition to receiving tabular lists, you
have the option to map the events selected. With
different output options, you can produce presentation-
quality maps (courtesy of GMT) in both PostScript
and GIF format. The map option is also available for
station queries by selecting “stations” from the query
list. To access this interface, visit the DMC’s website:
www.iris. washington.edu/IRISquery and choose
“events” from the query list.

For further information contact Deborah Barnes at
debbie@iris.washington.edu.

Event Catalogs at the DMC

Example of event mapping with SeismiQuery.

Museum Program Expands

The IRIS/USGS museum program
continues to expand with new exhibits
opening at both the New Mexico
Museum of Natural History and Science
in Albuquerque, NM and the Boston
Museum of Science in Boston, MA.

Visitors entering the New Mexico
Museum of Natural History and Science
are now greeted by a new permanent
seismological exhibit (The Quaking
Earth) in the entrance foyer (above).  The
core elements of this exhibit include the
seismic monitor and two drum recorders
showing global and local seismic activity
in real-time.  An AS-1 seismometer was
added to the “Make-Your-Own-
Earthquake” component to help
demonstrate how seismometers work.

The exhibit was expanded to include a kiosk displaying annotated
seismograms of recent earthquakes and an interactive kiosk that allows
visitors to access earthquake related information via the internet.

On October 6, 2000 the Travelling Earthquake Exhibit opened at the
Boston Museum of Science (below).  This exhibit is part of the “Powers of
Nature” exhibit and will remain in Boston until
March 2001.  More than 1/2 million people
are expected to visit the exhibit to learn
about earthquakes in real-time.

For further information
contact Christel Hennet at
chennet@iris.edu.
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US Senators and members of the
natural hazards community came
together on June 21 to launch the
Congressional Natural Hazards Caucus.
The goal of the caucus is to provide
information to  decision makers about
the nation’s vulnerability to natural
disasters, and to discuss ways of
improving responses to these events.
Senator Ted Stevens (R-Alaska) and
Senator John Edwards (D-North
Carolina) co-chair the caucus, which

Congressional Natural Hazards Caucus

Over 250 scientists from
around the world signed a
letter to the Treaty
Organization in Vienna Austria
calling for the open release of
scientific data from the
International Monitoring
System that is being developed
for the Comprehensive
Nuclear Test Ban Treaty.
Members of the State
Department have used the
letter to support the US
position for open data.  The
White House and the Senate
Foreign Relations Committee
have also been working on our
behalf to gain open release of
the data.

For further reading see: van
der Vink, G. and T. Wallace,
Open data, International Law,
and the Nuclear Test-Ban
Treaty, Seismol. Res. Lett., 70,
663-665, 1999.

Dear Ambassador Vacek:

It is the strong and unqualified consensus of the scientific community that all data from the
International Monitoring System must be openly available without any restriction or delay.
This consensus was most recently confirmed in a joint position statement issued by the
American Geophysical Union, an international scientific society of more than 35,000 members,
and the Seismological Society of America, representing 2,000 members from 70 countries.

The scientific community has contributed extensively to the development of the
International Monitoring System and has provided over half of the seismological stations
that are currently being used.  We have done so in the spirit of open cooperation and with
the clear expectation that the data will be available not only for treaty monitoring, but also
for scientific research and hazards mitigation.  Modern seismological systems are rapidly
evolving towards real-time automated data collection, distribution, analysis, and archiving.
For the new systems, seismic data that can not be collected in real-time will effectively be
unavailable.

In response to earthquakes, openly available data allow us to analyze rapidly the event
and assess the risk of aftershocks, thus greatly reducing the death toll.  Requesting data or
trying to predict in advance what data will be critical to which experts is impractical and
would recklessly handicap our ability to respond during such times of extreme crisis.

It is our hope that we can continue the strong cooperative arrangements that have
already provided such demonstrated benefits to the International Monitoring System as
well as to the broader interests of science and society.  It is in this cooperative spirit that
we urge you to strongly support full and unrestricted access to data.  We stand ready to
work with you to resolve any specific concerns.

already includes eighteen Senators.  The
activities of the caucus are supported by
the Natural Hazards Caucus Working
Group, of which the IRIS Consortium is
a founding member along with the
American Geophysical Union, the
American Geological Institute, the
Seismological Society of America,
and others.

The inaugural session of the caucus
included both a forum and a reception.
At the forum, prominent witnesses such

as Federal
Emergency
Management
Agency Director
James Lee Witt
were the featured
speakers.

Following the
forum, a Senate
reception was
held to honor the
caucus. The new

Seismologists Campaign for Open Data

IRIS/USGS museum exhibit on real-
time seismicity was prominently
displayed at the reception and drew a
crowd of senior congressional staff
and administration policy-makers.
IRIS and SSA discussed global
seismicity, distributed descriptions of
EarthScope and the Advanced
National Seismic System, and
provided earthquake information
sheets from the IRIS Education and
Outreach program.
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AGU and SSA Issue Joint Statement on
Test Ban Treaty

The American Geophysical Union (AGU) and
the Seismological Society of America (SSA)
issued a joint position statement on the capability
to monitor compliance with the Comprehensive
Test Ban Treaty (CTBT) at a press conference on
October 6. The statement was presented by Terry
Wallace, chair of the drafting committee and
President of SSA, Gregory van der Vink, originator
of the statement and member of the AGU
Committee on Public Affairs, and Jeffrey Park,
President-elect of AGU’s Seismology Section. The
drafting Committee also included Paul Richards,
Howard Patton, and Brian Stump.

The statement, reprinted below, reviews the
technical capabilities to monitor a CTBT and calls
for all data from the International Monitoring
System to be made openly available without any
restriction or delay.

The statement was also presented to staff of the
Senate Foreign Relations Committee, discussed at
a White House reception, reported in The New
York Times, and was covered on NBC, CNN, and
FOX news networks.

 Although the Senate failed to ratify the treaty,
there is little doubt that the issue will re-emerge.
The position statement has received high praise

Fred Spilhaus, Terry Wallace, Gregory van der Vink and Jeffrey Park present
the joint AGU/SSA position statement on capability to monitor the
Comprehensive Test Ban Treaty at a press conference.

Capability to Monitor the Comprehensive Test Ban Treaty

In September 1996, the United States was the first of 152 nations to sign the Comprehensive Test Ban Treaty (CTBT), an international
agreement to ban all nuclear test explosions.  The treaty is intended to impede the development of nuclear weapons as part of the international
nonproliferation regime. The treaty is as yet unratified by the US  As a result, many of its verification provisions have not yet been fully
implemented.  When implemented, the American Geophysical Union (AGU) and the Seismological Society of America (SSA) are confident
that the combined worldwide monitoring resources will meet the verification goals of the CTBT.

The CTBT will be monitored by: 1) the national intelligence means of various countries, 2) the International Monitoring System (IMS)
negotiated under the CTBT that consists of seismic, hydroacoustic, radionuclide, and infrasound networks, along with on-site inspections, and
3) the efforts of numerous independent scientists and institutions worldwide.  It is this combination of resources that gives confidence in the
ability to uncover CTBT violations.  AGU and SSA believe that this overall monitoring capability will continue to strengthen as more data are
collected, more research is performed, and as global communication networks expand.

The seismic component of the International Monitoring System is to consist of 170 seismic stations.  This network is expected to detect all
seismic events of about magnitude 4 or larger and locate those events within 1000 square kilometers (a circle with a diameter of
approximately 35 km).  This is the maximum area permitted by the treaty for an on-site inspection.  A seismic magnitude of 4 corresponds to
an explosive yield of approximately 1 kiloton (the explosive yield of 1,000 tons of TNT).  AGU and SSA believe that the verification system,
if built as planned, can be relied upon to meet that goal.

One of the biggest challenges to monitoring the CTBT is the possibility that testing could be successfully hidden by conducting nuclear
explosions in an evasive manner.  The concern is partly based on US and Russian experiments which have demonstrated that seismic signals
can be muffled, or decoupled, for a nuclear explosion detonated in a large underground cavity.  The decoupling scenario, however, as well as
other evasion scenarios, demand extraordinary technical expertise and the likelihood of detection is high.  AGU and SSA believe that such
technical scenarios are credible only for nations with extensive practical testing experience and only for yields of at most a few kilotons.
Furthermore, no nation could rely upon successfully concealing a program of nuclear testing, even at low yields.

Data from the treaty’s monitoring system will also contribute to our scientific understanding of the Earth and efforts to mitigate earthquake
hazards.  Article IV.A.10 of the treaty states “The provisions of this treaty shall not be interpreted as restricting the international exchange of
data for scientific purposes”.  AGU and SSA support a broad interpretation of this article and strongly urge that all data from the International
Monitoring System be made openly available without any restriction or delay.

and was well-received even by treaty opponents, because it stuck to the
technical issues and avoided the appearance of being self-serving. (see
discussion on the statement “Test Ban Tumult Worth the Effort” in the
December 1999 issue of GEOTIMES).
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Exploring the Earth at High Resolution:
The IRIS Proposal

In August, IRIS submitted to the
National Science Foundation’s Division
of Earth Sciences a proposal to
continue IRIS’s funding through
another 5-year Cooperative Agreement.
The proposal was produced by the IRIS
Executive Committee
on behalf of the IRIS
Board of Directors,
who in turn represent
the full membership of
the Consortium. The
proposal, titled
“Exploring the Earth at
High Resolution”,
consists of a project
description plus two
appendices.

The proposal’s
project description
outlines the role of the
IRIS facilities in the
context of four major
themes: a) high
resolution, b) long-term
observations, c) high
performance, and d)
linking research with
education. The front
section describes the
science supported by
IRIS facilities, and it
includes an overview of
what is proposed for the
next five years. The
project description
concludes with a
discussion of how each
program will be
implemented.

The first appendix
documents the impact of IRIS on the
Geosciences. A series of one-page
descriptions, contributed by over 100
researchers, provides specific examples
of how IRIS data have advanced our
understanding of topics ranging from
global tomography and continental
structure to the mechanics of volcanic
eruptions and the development of
innovative educational programs and
products. The one-pagers also describe

how IRIS facilities have become fully
integrated into both the research and
operational systems associated with the
National Earthquake Information
Center and the International Monitoring
System for the Comprehensive Nuclear

Test-Ban Treaty. Following the
collection of one-page examples is a
sample list of publications that
specifically acknowledge IRIS data or
instrumentation.

The second appendix contains detailed
program plans for each of the IRIS
facilities. For example, the GSN will be
operated and maintained (including
replacement costs amortized at 5%/
year), data communications will be

upgraded, and stations will be enhanced
with additional geophysical sensors. The
PASSCAL plan places a high priority on
completing the PASSCAL inventory to
its design goal of 1000 short period
instruments for active source and

microearthquake
studies, and 500
instruments for passive
source studies requiring
longer deployments.
The plan for the Data
Management System
includes a request for
continued operation,
replacement of the
multi-terabyte mass
store system, and
continued development
of data distribution
software. The
Education and Outreach
Program will continue
its current programs,
expand its educational
displays, and provide
more access to real-
time data for
educational purposes.

Developing a single
proposal that
represents the
collective scientific
interests of almost 100
research institutions is
a complex task.
Although the formal
process of proposal
development began in
the Spring of 1999, the
review, auditing, and

self-evaluation that form the
background for the proposal has been
an on-going process within IRIS.

The IRIS Proposal will be reviewed
over the next year by external reviewers,
a “special emphasis panel”, the
Instrument and Facilities Program, and
various other committees of NSF. The
process culminates with a presentation
to the National Science Board and a
funding decision in Spring 2001.
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Two days after the Hector
Mine earthquake, we
deployed a 60-channel
Geometrics Strata View 24-
bit exploration
Seismograph with 20 L-22
2 Hz three-component
velocity sensors on a 100-
m-long line across the
surface rupture. Outboard
of the dense line, we placed
two 6-channel REFTEK
recorders, each with 2
three-component sensors
deployed at 75 m and 175
m away from the mainfault
trace on each side of the
rupture zone.

We recorded more than
800 events in 10 days. Most
of the events were
aftershocks with P-to-S time
less than 3s. Preliminary
examination of the data
revealed 4-6 Hz fault-zone
trapped waves with long
duration wavetrains after the
S arrival at stations located
close to the mainfault trace,
but a much more brief S
wave at stations farther away from the
fault zone. The trapped waves are
similar to those observed at the Landers
rupture zone but show higher
frequencies, implying a narrower low-
velocity waveguide for the Hector Mine
rupture zone.

Shown above is an example of
vertical component displacement
seismograms recorded for a M2.1
aftershock occurring on Oct. 24 19:53
(GMT) at the depth of 5.8 km within
the rupture zone about 12 km NNW of
the seismic array. Fault-zone trapped
waves with relatively large amplitudes
and long duration (marked by brackets)
are prominent at stations located in the
rupture zone. Station ST06 was located

at the mainfault trace on the east edge
of the rupture zone while stations
ST10, ST14 and ST16 were located at
the sub-fault traces in the rupture zone.
Two arrows denote the width (~60-80
m) of the rupture zone at the surface,
where guided waves were recorded
clearly. Coda-normalized amplitude
spectra of trapped waves for this event
show a maximum peak at 4-5 Hz,
which decreases with distance from the
fault zone. Preliminary results from
observations and modeling of these
trapped waves suggest that the rupture
zone on the Lavic Lake fault is around
60-100m wide. The average shear
velocity is ~2 km/s, reduced by about
40 to 50 percent from the surrounding

rocks. Q ranges between 20 and 50 in
the upper 10km.

Fault-zone trapped waves arise from
coherent multiple reflections at the
boundaries between the low-velocity
fault zone and high-velocity surrounding
rock. Accordingly, the waves can be
used as a high-precision probe to study
internal structure and physical properties
of the fault zone.

Additional Information
For additional information, see Li, Y.

G., J. E. Vidale, K. Aki, and F. Xu,
Depth-dependent structure of the
Landers fault zone from trapped waves
generated by aftershocks, J. Geophys.
Res., 105, 6237-6254, 2000.

Mapping Fault Zones
Yong-Gang Li, University of
Southern California

FEATURED SEISMOGRAMS
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Princeton Names van der Vink 250th
Anniversary Visiting Professor for
Distinguished Teaching

Greg van der Vink, IRIS’s Director of
Planning, will take a 10-month
sabbatical from IRIS beginning
September 1 to serve as Princeton
University’s 250th Anniversary Visiting
Professor for Distinguished Teaching.
Greg will teach in the Department of
Geosciences and serve as a Faculty
Fellow of the Butler Residential
College.  Following a national search,
van der Vink was selected because of the
university’s interest in developing new
science courses:  “In areas such as
environmental policy, an increasing
number of decisions must be made in
the face of ambiguous scientific results,
incomplete data, and competing
interests.  Courses that educate students
on the complexities of such decision-
making must include not only scientific
arguments, but also the economic,
social, and political boundary
conditions.  Dr. van der Vink’s
background as a geophysicist, combined
with his extensive experience in both the
legislative and executive branch, make
him one of the rare individuals who is
well-suited to develop such
interdisciplinary curriculum.”

STAFF NEWS
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On August 12, 2000 the Russian
submarine Kursk sank in the Baltic Sea
north of the Kola Peninsula. The sinking of
the Kursk was associated with two
explosions. Shown here is the filtered,
broadband, vertical component seismogram
of the Kursk explosions recorded at the
IRIS/USGS Global Seismographic
Network station Kevo (KEV) in Finland at
a distance of about 400 km.

Two events, separated by 135 seconds,
are seen in the KEV record. The signal
from the first event (M

L
 2.2) is

approximately 250 times smaller than
the second event (M

L
 4.2). However, a

waveform correlation detector applied to
the data enhanced the signals and
allowed the precursor event to be clearly
associated with the main event.

First motion and Pn/Sn ratio analysis
indicate a complex source mechanism.
The most definite seismic evidence that
the main Kursk event was dominated by
an underwater explosion source is the
presence of a "bubble pulse" and water
reverberations in the data, noticeable as

distinct peaks in the
amplitude spectrum of the
KEV data. Furthermore, the
main event is consistent with
an explosion of
approximately 5 ton
equivalent TNT. The
precursor event is associated
with a small explosion that
presumably disabled the
Kursk and caused it to sink to
the seafloor where, 2 minutes
and 15 seconds later, the
main explosion occurred.

For further discussion see:
"Forensic Seismology and the Sinking
of the Kursk" by Koper et al., submitted
to EOS, October 5, 2000.
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NEW MEMBERS

CALENDAR
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Next IRIS Workshop

IRIS will be returning to Jackson
Lake Lodge in the Grand Teton
National Park in Wyoming for the 13th
Annual IRIS Workshop.

The workshop will include scientific
talks, poster sessions, program forums,
and science caucus meetings, along with
reviews of IRIS programs and planning
sessions. Special support will be

Jackson Lake Lodge
Grand Teton National

Park, Wyoming
June 6-9, 2001

IRIS welcomes two new Foreign
Affiliates: Institute for Earth
Physics, Romania; and Institute of
Geophysics, Polish Academy of
Sciences.  ■

December 15-19
Fall AGU

San Francisco, CA

December 18
IRIS Board of Directors Meeting

Fall AGU
San Francisco, CA

March 22-25
National Science Teachers
Association Conference

St. Louis, MO

April 18-20
19th Annual Meeting SSA

Menlo Park
San Francisco, CA

May 29-June 2
Spring AGU
Boston, MA

2 0 0 1

available for graduate students and post-
doctoral fellows. Field trips are being
planned to both the Teton Range and
Yellowstone. Look for more information
on our website (www.iris.edu) and please
register early, as space is limited.

Information on the 2001 IRIS
Summer Undergraduate Internship
Program is now available at
www.iris.washington.edu/EandO/
internships.html.  Applications from
potential hosts (PIs) are due February 1st,
2001.  Applications from undergraduate
students are due February 15th, 2001.
Decisions on student-host matches will
be made by the end of March, 2001.

The goal of this program is to help
principal investigators at IRIS member
institutions involve undergraduate

students from outside their own
institutions in their research. Internships
may be 5-12 weeks in length. Research
projects may be based in the field or at
the PI’s home institution. PI’s with
PASSCAL field experiments scheduled
for summer 2001 are particularly
encouraged to apply.

Please circulate information on this
program to both seismology researcher
hosts and undergraduate students that
may be interested in participating in the
program.

IRIS 2001 Summer Undergraduate
Internship Program


