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changes in continental weathering and in oceanic bio-
geochemical processes and their effects on sedimenta-
tion. Material recovered by the Ocean Drilling Pro-
gram has been essential to deciphering the sedimen-
tary geochemistry of phosphorus and its ocean history
through time. We demonstrate that the burial of phos-
phorus in marine sediments on depths scales of tens to
hundreds of meters is controlled by geochemical trans-
formations in the sediment resulting from microbially
mediated organic matter oxidation. These transforma-
tions are often reflected in interstitial water geochem-
istry as well, and they have significant influence on car-
bon/phosphorus burial ratios. These result in a widely
disseminated authigenic phase, presumably carbonate
fluorapatite. This phase is present at low concentra-
tions in all of the marine sediments we have exam-
ined, and is therefore a major sink for oceanic phos-
phorus burial. Determining the geochemistry and con-
centration of phosphorus burial provided us the basis
for records of phosphorus accumulation in sediments,
which we coupled with multi-proxy investigations of
tracers related to export productivity (barium excess),
biogenic sediment accumulation (opal and calcium car-
bonate), and sedimentary redox state (sediment trace
metals, interstitial water geochemistry). I use sev-
eral examples to illustrate P burial responses on differ-
ent timescales in intervals of carbon cycle and/or cli-
mate change. These will also be used to demonstrate
the fruitful lessons we have learned about geochemi-
cal methods, age models and physical properties, and
the challenges and value of multi-proxy approaches to
ocean history.
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Ocean Drilling makes it possible to recover high
quality sedimentary archives from important earlier ge-
ologic intervals, such as Marine Isotope Stage 11 (MIS
11), approximately 400 ky BP. Similar orbital config-
urations and comparable atmospheric greenhouse gas
concentrations have led to the suggestion that MIS 11
is a suitable, possibly the best, geological analogue for
the natural development of Holocene and future cli-
mate. Yet the anomalously strong climate response
during MIS 11 in the absence of strong seasonal in-
solation changes has long been described as the ”the
stage 11 problem”. Here we review evidence from a
number of widely distributed ODP locations indicating
that MIS 11 was not likely to have been a “super in-
terglacial” interval characterized by both significantly
higher sea-level and global temperatures. We discuss
the stability and strength of the meridional overturn-
ing circulation as a potential compensator for the lim-
ited insolation. We present detailed faunal, ice-rafting,
and isotopic records from North Atlantic ODP Sites 980
(55◦N, 15◦W, 2.2km), 983 (60◦N, 24◦W, 2.0km), and
984 (61◦N, 25◦W, 1.6 km) confirm the relative stabil-
ity of MIS 11 on millennial timescales, and document
that the transition to the more characteristic instability
of the Pleistocene occurred dramatically and abruptly
following the warm interval. In addition, we consider a
variety of tuning techniques and apply a new indepen-
dent dating approach to deep-sea sediment sequences
to show that the regional stable warmth of MIS 11
in the North Atlantic long outlasted the elapsed por-
tion of the Holocene. Next, we address the question
of possibly higher sea levels during MIS 11 with iso-
topic evidence from ODP Site 925 (4◦N, 43◦W, 3.0km)
in the Tropical Atlantic, ODP Site 1242 (8◦N, 84◦W,
1.4km) in the eastern tropical Pacific, and ODP Site
806 (0◦N, 159◦W, 2.5km) in the western tropical Pa-
cific. Finally, we discuss possible ways to reconcile the
apparently conflicting evidence in existing records of
sea-level, temperature, and variability during MIS 11.
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Voyager 1 in the Vicinity of the Solar
Wind Termination Shock
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The termination shock marks the abrupt slowing of
the solar wind from supersonic to subsonic speeds as
it approaches the edge of the heliosphere. The shock
likely accelerates anomalous cosmic rays and reacceler-
ates galactic cosmic rays and other solar and interplan-
etary ions. In mid 2002 when Voyager 1 was at 85 AU,
it observed an unusual enhancement of MeV ions and
electrons that was not present at Voyager 2 at 68 AU.
Although some aspects of the energetic particle data
suggest that Voyager 1 entered the subsonic flow of the
heliosheath at that time, the anomalous cosmic ray in-
tensity remained lower than expected at the shock and
the interplanetary magnetic field did not show the com-
pression expected as the wind slows. These and other
aspects such as strong field aligned beaming suggest an
unexpected complexity in the vicinity of a termination
shock that is more dynamic than anticipated. Our un-
derstanding of this new region of the heliosphere should
continue to increase as Voyager 1 surfs along the shock
over the next several years.
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During the International Geophysical Year (1957-
1958), member countries established many new geo-
physical observatories pursuing the major IGY objec-
tives - to collect geophysical data as widely as possible
and to provide free access to these data for all scien-
tists around the globe. Today, geophysics has attained
a rather good understanding within traditional regions,
i.e., the atmosphere, ionosphere, magnetosphere, and
other such geospheres. At the same time, it has be-
come clear that much of the new and important science
is coming from the studies of interfaces and coupling
between geospheres. Thus, if geophysical data are made
’transparently” available to a much wider range of sci-
entists and students than to those who do the obser-
vations, then new and exciting discoveries can be ex-
pected. An International Association of Geomagnetic
and Aeronomy (IAGA) task force, recognizing that a
key achievement of the IGY was the establishment of
a worldwide system of data centers and physical ob-
servatories, proposes that for the 50th anniversary of

IGY, the worldwide scientific community should en-
dorse and promote an electronic Geophysical Year (eGY)
initiative. The proposed eGY concept would both com-
memorate the IGY in 2007-2008 and provide a forward
impetus to geophysics in 21st century, similar to that
provided by the IGY fifty years ago. The IAGA task
force strongly advocates: (1) Securing permission and
release of existing data; (2) Creating access to infor-
mation; and (3) Conversion of relevant analog data
to digital form. The eGY concept embraces all avail-
able and upcoming geophysical data (e.g., atmospheric,
ionospheric, geomagnetic, gravity, etc.) through the es-
tablishment of a series of virtual geophysical observatories
now being ’deployed” in cyberspace. The eGY concept
is modern, global, and timely; it is attractive, prag-
matic, and affordable. The eGY is based on the exist-
ing and continually developing computing/networking
technologies (e.g., XML, Semantic Web, etc.) and in-
ternational cyber infrastructure. Moreover, the Inter-
national Union of Geodesy and Geophysics (IUGG) has
supported the eGY concept, which can smoothly be in-
corporated into various existing ’International Year”
initiatives - such as the International Polar Year, In-
ternational Heliophysical Year, or International Year of
the Planet Earth.
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Over the last 27 years, the National Snow and
Ice Data Center has participated in a number of pro-
grams that have striven to provide ready access to high-
quality observations and long-term geophysical records.
In the last 10 years these programs have increasingly
involved data archived at multiple, geographically dis-
tributed sites. The key lessons we have learned from
these experiences are that providing access to data is
not sufficient for users to find and successfully use it,
and that ensuring long-term preservation of data is es-
pecially difficult in a distributed environment. Devel-
oping and maintaining appropriate metadata (i.e., in-
formation about the data) is key to facilitating data
discovery and use and is also important to data preser-
vation, as is maintaining linkage between the data and
its metadata. Yet there are many programmatic, scien-
tific and technical challenges to developing and main-
taining these metadata and linkages. Examples from a
variety of NSIDC programs illustrate these challenges
and some of the tools and techniques employed to over-
come them.
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The Collaborative Sun-Earth Connector (CoSEC) is
a testbed for developing and deploying data and mod-
eling services for the space science community. We will
demonstrate the concept using the current prototype,
www.lmsal.com/cosec, and offer templates and tools
for expanding the prototype with existing space science
data and models using the SolarSoft framework. In ad-
dition we will discuss how CoSEC to relates to other
projects, including other space science Virtual Obser-
vatories and the European Grid of Solar Observations.
This research has been supported through NASA grant
NAG5-10784.

URL: http://www.lmsal.com/cosec
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The GEON (GEOscience Network) is a multi-

disciplinary research initiative conducted jointly by
earth and computer scientists aimed at developing a cy-
berinfrastructure for the geosciences. GEON has been
developed in response to the pressing needs in the geo-
sciences to interlink and share multidisciplinary data
sets and tools to understand the complex dynamics
of Earth systems. The creation of GEON will pro-
vide the critical infrastructure necessary to facilitate
much needed collaborative interdisciplinary earth sci-
ence research. As earth sciences are going through
major changes and headed towards integrating inter-
disciplinary data and knowledge for scientific discov-
ery processes, geoscientists have realized that current
systems to conduct such interdisciplinary research are
extremely inadequate. In addition to technical difficul-
ties, cultural barriers among earth science disciplines
also hinder progress. GEON is designed to alleviate
these problems by creating an infrastructure and a cul-
tural environment to enable collaboration and scien-
tific discoveries. Creating such a cyberinfrastructure
to integrate, analyze, and model 4D geoscience data
poses fundamental IT research challenges due to the
extreme heterogeneity of geoscience data formats, stor-
age and computing systems and, most importantly, the
ubiquity of hidden semantic and differing conventions,
terminologies, and ontological frameworks across dis-
ciplines. Integrating data sets at semantic levels and
providing users information about data sets, tools, and
other resources at the “concept” level will provide un-
precedented opportunities for research and education.
Researchers will be able to access and utilize, with
minimal effort, data and tools from an allied disci-
pline. In its cyberinfrastructure efforts GEON is us-
ing grid technology. Grids are designed to provide sus-
tainable and distributed architecture to enable seam-
less access to data sets and computational resources
over the Internet using secure links and connections.
The GEONgrid and the grid portal are being built as
open source platforms allowing the community to de-
velop their own tools and access mechanisms. As test
cases earth science research in GEON is focused on two
regions: the Rocky Mountains and the Mid-Atlantic re-
gion. The topics being studied in each area are intra-
continental deformation and Terrane recognition and
analysis, respectively. The GEONgrid can be accessed
at http://www.geongrid.org/

URL: http://www.geongrid.org
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The Mediterranean-European Rapid Earthquake
Data Information and Archiving Network (MERE-
DIAN) project aims to improve the existing European
infrastructure for seismological data exchange while si-
multaneously addressing relevant scientific and tech-
nical requirements. Coordinated by the Observatories
and Research Facilities for EUropean Seismology (OR-
FEUS) in The Netherlands, the MEREDIAN consor-
tium is composed of 18 national institutions. With
an emphasis on providing uninhibited access to real-
time and archived seismic waveform data, the project

is supporting the development of general purpose tools
and standards for both seismic data suppliers and con-
sumers. A major component of this project is the
ongoing development of the Virtual European Broad-
band Seismograph Network (VEBSN). The ORFEUS
Data Center (ODC) performs the network operations
for the VEBSN while data streams from broad-band
seismic stations are contributed by consortium mem-
bers and others. The VEBSN is a fully functional au-
tomatic seismic network which locates earthquakes, cal-
culates magnitudes and generates seismic event alerts.
The primary purpose of the VEBSN is to expedite and
automate data collection at the ODC. This system al-
lows the ODC to provide event-based data sets, from a
well distributed group of broad-band stations in the re-
gion, within minutes or hours of significant European-
Mediterranean seismic events. Our requirements for de-
veloping the VEBSN were 1) flexible data transmission
software that can interface with diverse data sources at
peer institutions, 2) reliable exchange protocols, resis-
tant to data gaps during network congestion or prob-
lems and 3) a central system to collect and process
all the incoming data streams. Our solution to the
first two challenges was to adopt and support the open
source Seismological Communication Processor (Seis-
ComP). This package is lightweight, flexible and im-
plements a reliable data transmission protocol, making
it an invaluable component of the VEBSN. Besides the
SeedLink protocol used by SeisComP we collect data
streams using two other reliable protocols, Antelope
ORB and CD-1, due to their pre-existence at peer sites.
In the interest of time and cost efficiency we purchased
the proprietary Antelope software system to function as
the central collection and processing hub. EC-Project
MEREDIAN: Contract No. EVR1-CT-2000-40007

URL: http://orfeus.knmi.nl/vebsn/
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The Real-time Observatories, Application, and
Data management Network (ROADNet) Program aims
to develop an integrated, seamless, and transparent en-
vironmental information network that will deliver geo-
physical, oceanographic, hydrological, ecological, and
physical data to a variety of users in real-time. ROAD-
Net is a multidisciplinary, multinational partnership of
researchers, policymakers, natural resource managers,
educators, and students who aim to use the data to ad-
vance our understanding and management of coastal,
ocean, riparian, and terrestrial Earth systems in South-
ern California, Mexico, and well off shore. To date,
project activity and funding have focused on the de-
sign and deployment of network linkages and on the
exploratory development of the real-time data man-
agement system. We are currently adapting powerful
“Data Grid” technologies to the unique challenges asso-
ciated with the management and manipulation of real-
time data. Current “Grid” projects deal with static
data files, and significant technical innovation is re-
quired to address fundamental problems of real-time
data processing, integration, and distribution. The
technologies developed through this research will create
a system that dynamically adapt downstream process-
ing, cataloging, and data access interfaces when sensors
are added or removed from the system; provide for
real-time processing and monitoring of data streams–
detecting events, and triggering computations, sensor
and logger modifications, and other actions; integrate
heterogeneous data from multiple (signal) domains; and
provide for large-scale archival and querying of “consol-
idated” data. The software tools which must be devel-
oped do not exist, although limited prototype systems
are available. This research has implications for the
success of large-scale NSF initiatives in the Earth sci-
ences (EarthScope), ocean sciences (OOI- Ocean Ob-
servatories Initiative), biological sciences (NEON - Na-
tional Ecological Observatory Network) and civil engi-
neering (NEES - Network for Earthquake Engineering
Simulation). Each of these large scale initiatives aims
to collect real-time data from thousands of sensors, and
each will require new technologies to process, manage,
and communicate real-time multidisciplinary environ-
mental data on regional, national, and global scales.
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The Scripps Orbit and Permanent Array Center
(SOPAC) has completed development of software for
UNAVCO’s GPS Seamless Archive Center (GSAC). The
GSAC is a collection of GPS data archives and their op-
erating agencies that have agreed to exchange informa-
tion about their individual data holdings. GSAC allows
a user to locate GPS data and metadata from these dif-
ferent archives through a single interface; hence GSAC
is an operating virtual observatory for continuous and
“campaign” GPS data. Data providers collect or gen-
erate data and then supply the data to data whole-
salers. Data wholesalers collect and archive data and
metadata, from one or more data providers. GSAC
currently has 7 U.S.-based data wholesalers (NASA’s
CDDIS, UC Berkeley’s NCEDC, NGS, CWU’s PANGA
archive, SCEC, SOPAC, and UNAVCO). Together these
archives hold over 2 million GPS data (RINEX) files
collected for over 10,000 monuments, including a nearly
complete set of data collected between 1986 and 2003
for the global network and western North America, and
a significant quantity of data collected by U.S. scien-
tists in other tectonically active regions. Data retail-
ers collect information from the wholesalers in a well-
defined manner and run a service for clients to access
the information. Currently there are two GSAC retail-
ers (SOPAC and UNAVCO). The GSAC software suite
includes a Web-based interactive client (GSAC Wiz-
ard) to locate data, a command-line client to locate
and download data, and a retailer service that uses
a macro language to pass commands to a server us-
ing the http url. The command-line client uses the re-
tailer service to communicate with the retailer server.
SOPAC has also modified its map interface to work
with GSAC so that GPS data can be located using
a spatial context, and maintains a GSAC Home Page
(http://gsac.ucsd.edu). In this abstract, we highlight
achievements and lessons learned from our development
of the current system, but focus on a possible next gen-
eration GSAC that will employ modern IT methodolo-
gies, provide a virtual archive with a much richer hier-
archy of data products and models derived from GPS
and other geodetic data, and make the interface with
other geophysical virtual archives more feasible.

URL: http://gsac.ucsd.edu
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The U.S. Geological Survey EROS Data Center
(EDC) responds to emergencies on behalf of various
government agencies for human-induced and natural
disasters. This response consists of satellite tasking
and acquisitions, satellite image registrations, disaster-
extent maps analysis and creation, base image pro-
vision and support, Web-based mapping services for
product delivery, and post disaster data archiving.
The EDC Emergency Response staff are on call at all
times and have access to many commercial and govern-
ment satellite and aerial photography tasking author-
ities. They have access to data processing and pho-
tographic laboratory services for off-hour priority re-
quests. EDC staff work with agencies for prepared-
ness planning, which includes provision of base im-
agery. These data may include digital elevation mod-
els, hydrographic models, base satellite images, vector
data layers such as roads, aerial photographs, and other
pre-disaster data. These layers are incorporated into a
Web-based browser and data delivery service, the Haz-
ards Data Distribution System (HDDS). The HDDS can
be made accessible either to the general public or to
specific agencies. As usage of data for a particular
event declines, the data are moved to a post disaster
near-line archive that is still accessible, but not in real
time. When usage has declined completely, the data are
moved to an off-line archive. These data are still acces-
sible, although not in real time, and can be reloaded for
historical purposes if another disaster strikes the same
area. The HDDS concept anticipates customer require-
ments and provides faster delivery of data and services.
Pending final USGS approval.


