UK

scientific ocean research drilling

Impact Story
Portfolio

Photo: (R/V) JOIDES Resolution during IODP Expedition 320
© IODP/TAMU

UK

scientific ocean research drilling

Impact Story Portfolio

Impact Story Portfolio
Introduction...........................................................................3

■ Context for climate change...........................................4
■ Totally taxonomic!............................................................7
■ Pioneers and public data...............................................8
■ Global explosive eruption record................................12
■ Understanding unprecedented earthquakes............15
■ De-risking hydrocarbon prospects...............................19
■ Mega-earthquake, rapid response.............................22
■ Prophetic forams............................................................26
■ Sub-sea mining mission..................................................29
■ Inspirational IODP...........................................................33

UK

scientific ocean research drilling

UK IODP Impact Story Portfolio

Page 2

UK

Impact Story Portfolio

scientific ocean research drilling

Introduction

Introduction

This Impact Story Portfolio catalogues a series of some of the most
compelling impact stories from the UK IODP scientific community.
The International Ocean Discovery Program
(IODP) is the fourth evolution of a global
collaborative research and exploration effort that
has drilled, sampled and measured the Earth
beneath the sea over the last 50 years.
IODP has collected a broad range of data types
from a huge variety of geological environments,

often using tools and technologies originally
developed by the hydrocarbon industry.
Expeditions undertaken by IODP have covered
topics including:
sea-level rise and climate
change; the deep biosphere; and the processes
and products of earthquakes, landslides and
tsunamis.

The research arising from these projects therefore has significant
potential for impact. Investment by UK IODP in funding a

Directed Knowledge Exchange Fellow
(NE/M006980/1) has

led to a growing body of evidence highlighting

UK

the significant societal and economic impact arising from and

scientific ocean research drilling
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Context for climate
change
Deep ocean sediment research helps
put current climate change into context
Professor Stephen Barker, from Cardiff University, has been

using deep ocean sediments to learn more about abrupt
changes in climate that happened thousands, even hundreds
of thousands, of years ago.
Understanding such variability over multiple centuries and millennia provides a context within

which recent climate change can be compared and assessed.
Paleoclimate research has provided a critical framework for the
Intergovernmental Panel on Climate Change’s (IPCC’s) assessment
reports, which support the United Nations Framework Convention on
Climate Change.

Context for climate change
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In the 1980s, it was discovered that there were repeated abrupt changes in Northern Hemisphere
climate during the last glacial period (110,000 to 12,000 years ago) - known as Dansgaard-Oeschger
(D-O) oscillations; temperatures could have seen an increase of more than 10°C within only a few
decades.
Different hypotheses were put forth to explain this phenomenon and evidence from ice cores,
deep ocean sediment cores and terrestrial archives were brought together to try and understand the
interactions between ice sheets, ocean and atmosphere. Further debate ensued, raising questions
about what this all meant in terms of future climate change.

More than thirty years later, Barker and his colleagues continue
to explore this issue.
Using sediment cores extracted through the International Ocean Discovery
Program (IODP) (and its previous incarnations), the researchers are probing the
relationships between abrupt changes in temperature and ocean circulation,
freshwater influxes, and internal climate system feedbacks.

Their research has highlighted the global
importance of gradual changes in the Southern
Hemisphere and Antarctica and provided the
first concrete evidence of an oceanographic link
between these changes and more rapid variations
in the North Atlantic - a mechanism potentially
involved in Northern Hemisphere deglaciation.

Barker and his colleagues also used
radiocarbon
measurements
on
benthic
foraminfera taken from deep ocean sediments
from the Southern Ocean to show that
over the last 40,000 years there is a significant link
between changes in global ocean circulation and
changes in surface temperatures.

These findings provided the first empirical
evidence that at the close of glacial times a
weak overturning circulation in the Atlantic
was followed by a rapid and deep expansion
of North Atlantic waters during deglaciation,
which was possibly even more pronounced
than during interglacial conditions.

Context for climate change
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Our results demonstrate the far-reaching impacts of abrupt
climate change, providing evidence for direct links between
rapid changes in the high latitudes of either hemisphere, both at
the surface and in the abyssal ocean. The ubiquitous association
we observe between abrupt shifts in ocean circulation and the
transitions between glacial and interglacial state adds to mounting
evidence for a causal link. This helps us understand these major
global climatic changes.”

Professor Stephen Barker

These research findings have contributed to a
body of evidence from paleoclimate research that
is documenting abrupt climate changes in the
past and interrogating plausible theories of the
underlying mechanisms driving these changes.

The data generated from this research suggest
that existing models used to simulate future climate
change may be underestimating change because
they typically require much larger disturbances to
produce abrupt climate change than paleoclimate
data suggest.

■

Additional information
■

This research has been funded by the Natural

Environment Research Council (NERC), Leverhulme
Trust and the Global Climate Change Foundation.

■ Professor Stephen Barker is Director of
Research in the School of Earth and Ocean Sciences
at the University of Cardiff. Publications of this
research can be viewed at www.cardiff.ac.uk/people/
view/81591-barker-stephen

■ The International Ocean Discovery Program is
a continuation of over five decades of international
collaboration to recover geological data and samples from beneath the
ocean floor to study the history and dynamics of Planet Earth. The UK
is a member of the IODP as part of the European Consortium for Ocean
Research Drilling (ECORD). The UK IODP is a NERC directed research
programme that supports UK participation in IODP. www.iodp.rocks

Context for climate change
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Totally taxonomic!
Online taxonomy database proves
invaluable for academic and industrial
biostratigraphers

Researchers from University College London have
earned high praise for the money and time saving
capabilities of a rigorous online taxonomic database.

Nannotax was developed in response to extensive user testing which showed that both
academic and industrial biostratigraphers could benefit from a universal database which
countered the discrepancies found when having to access information from multiple sources.

■

Original article can be found in GEO
ExPro at:
www.geoexpro.com/articles/2016/12/atime-saving-taxonomic-tool

SEM image of a modern Helicosphaera carteri.
© J Young, University College London.

Totally taxonomic!
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Pioneers and public
data
Deep sea science proves invaluable
in the search for new hydrocarbon
resources
As oil and gas companies respond to ever-increasing demand to identify hydrocarbon resources
around the world, the role of geoscience consultancies is key. And it’s thanks to global geoscience
research programmes like the International Ocean Discovery Program (IODP) that they are able
to make headway.
Landmark Exploration Insights is one of the world’s leading consultancies,
working with clients such as Shell, ENI, Chevron and ConocoPhillips. The
company’s team of industrial geoscientists specialise in synthesising all
published geological information relevant to the subsurface of the Earth.

This information has been used to develop a Global Earth Model,
an informative and predictive integrated database
that draws on data from historic investigations
conducted by the IODP and its forerunners.

IODP and its forerunners for over

50 years has undertaken more
than 200 drilling expeditions
from the Atlantic to the Pacific,
from the Arctic to the Southern
Ocean, and beyond.
Pioneers and public data
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Global Earth Model
The Global Earth Model is a prime example of how IODP data has
been used to facilitate the hydrocarbon sector’s
efforts to extract and analyse geological
information so as to determine which
areas of the world’s oceans are ripe for
exploration.

Exploration Insights’ database provides an invaluable resource for analysing geological
risks. Vast tracts of the hydrocarbon industry therefore benefit from being able to access a vast
bank of IODP-related datasets and geological interpretations, including sequence stratigraphy,
biostratigraphy and organic geochemistry.

The IODP has been at the forefront of sub-seafloor
exploration for more than 50 years, first as the Deep
Sea Drilling Project (DSDP 1966-1985), then the
Ocean Drilling Program (ODP 1985-2003), then the
Integrated Ocean Drilling Program (IODP1 20032013) and finally in its current guise as the IODP.
An international team of scientists, researchers,
engineers and technicians have amassed vast

tracts of information about Earth’s dynamic nature
including tectonic processes, ocean circulation,
climate change, continental rifting and ocean basin
formation. Uniquely, IODP is a legacy scientific
programme with data and samples routinely
made publicly available one year after the each
expedition has concluded.

Image: Neftex Earth Model (Source: Halliburton Landmark)

Pioneers and public data
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Thanks to the data and samples extracted
by the IODP over the course of more than 200
expeditions involving extensive drilling, sampling,
logging and monitoring boreholes across the
oceans, researchers and industry now have a
detailed understanding of Earth beneath the sea.

““

Exploration Insights has relied on the knowledge
shared by the likes of the IODP since 2003. There
are instances where IODP data has helped play a
major role in enabling companies to understand
the geological history of areas such as the offshore
North-West Africa, the Caribbean and the Arctic.

In global geology we’re trying to piece together a picture of how
the Earth has evolved through geological time. Every little piece
of information that contributes to our attempts to piece that puzzle
together is invaluable – not only to our geological understanding
but also to the global search for hydrocarbon resources.”
Geoscience research, of the kind carried out by the IODP, is essential
for the development of fundamental scientific knowledge. But
more than that, it has huge applied benefits. IODP data provides
a valuable constraint on subsurface geological risk for exploration,
especially in frontier regions.”

Professor Mike Simmons
Halliburton Technology Fellow for Geoscience
Former director of Neftex

Image: Screenshot of the Neftex Earth Model interface (Source: Landmark)

Pioneers and public data
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“

The use of IODP data by Exploration Insights is testament to the symbiotic relationship between industry
and exploratory academic study. As Professor Simmons said:

If you’re a serious geologist, you know about the IODP.
It’s a data source that all geologists out there know about, that’s
how significant the IODP’s reputation is.” ■

Professor Mike Simmons
Halliburton Technology Fellow for Geoscience,
Former director of Neftex

Additional information

■

The Global Earth Model was developed by Neftex

Petroleum Consultants Ltd (now Landmark Exploration
Insights), a business line of Halliburton known to be one
of the world’s leading providers of geoscientific insights.
For more information about Landmark and the Global
Earth Model visit www.landmark.solutions/NeftexInsights

■

Read more: Black & Blue. Using blue sky science data to aid in de-risking black gold exploration. GEO

ExPro Vol. 12, No. 6 - 2015

■

The International Ocean Discovery Program has been at the forefront

of sub-seafloor scientific exploration for more than 50 years, with an
increasing emphasis on scientific outputs that are societally relevant through
that time. Uniquely, IODP is a legacy scientific programme with data and
samples routinely made publicly available one year after each expedition has concluded. UK is a member
of IODP via the European Consortium for Ocean Research Drilling (ECORD), funded as a NERC directed
research programme. www.iodp.rocks

Pioneers and public data
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Global explosive
eruption record
Deep ocean holds clues about
explosive volcanic events

University of Bristol researchers are putting together a global record
of tens of millions of years of volcanic activity using ash layers found in
ocean sediments. The database is providing insight into the frequency
of explosive volcanism over the long term and informing hazard risk assessment.
Extreme volcanic events over millions of
years have deposited ash throughout the oceans,
which is captured in the layers of sediment on the
ocean floor. Over 414 km of sediment core has
been extracted from the deep ocean since the
late 1960s as part of an international collaborative
research programme - now called the International
Ocean Discovery Program (IODP). Whilst
individual studies have looked at subsets of these

cores, these data have never been studied on a
global scale.

Dr Sue Mahony, Research Associate, and
Professor Stephen Sparks, Professorial
Research Fellow, both in Bristol’s School of Earth
Sciences, have completed the monumental task
of bringing the ash layer data together into

a single database.

Over 30,000
volcanic ash layers
were recorded
from 3,582 IODP
drill holes.

Global explosive eruption record
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Data collected by Mahony and Sparks, which
is not yet published, suggests that most of the ash
layers were formed from very large magnitude
eruptions, typically greater than six on the
volcanic explosivity index. Eruptions of this size
are described as colossal and have plumes 20 km
or more in height, but thankfully only a few of this
magnitude happen each century.

This is too infrequent to build an adequate historic
record of these events, yet eruptions of this size
have global effects on climate change that can last
for several years.
The global database of ocean sediment
cores extends the records of major explosive
eruptions back many millions of years.

While the results of this research are still forthcoming, it is
already informing some industries where
assessing the hazard risk of such massive
events is critical to their business.

Japan’s Nuclear Waste Management Organization (NUMO) is
responsible for siting, developing and operating a deep geological
repository for high-level nuclear waste in Japan. These repositories
need to contain the waste for tens of thousands of years and while it is relatively easy to avoid
areas of current and recent volcanism, NUMO must also look forward at the probability that
new volcanism could affect the area under consideration. This is where the core data can help.

“

The offshore data provided by this project extend and
complement the often patchy and constrained onshore datasets
considerably.
As Japan moves closer to identifying possible repository sites in
the next few years, both the developers and the national
regulatory authorities will be looking to hazard forecasts to give
confidence in site selection...The role of the offshore sediment ash
layer data will become very important.”

Professor Neil Chapman
partner in MCM International, a radioactive waste management consultancy
working with NUMO.

Global explosive eruption record
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The research has also helped to inform models used by the insurance
industry, which look at the likelihood of extreme events, such as explosive
volcanism, to better prepare for the financial impact.

By extending the database for major eruptions from
thousands of years to tens of thousands of years (or
more), the industry can get a more precise value for
the recurrence of these events. ■

Additional Information
■ This research has been funded by the Natural Environment Research
Council (NERC) and the Leverhulme Trust.

■

Some of the findings of this research were published in a paper titled:

‘Quantifying uncertainties in marine volcanic ash layer records from ocean
drilling cores’ in the journal Marine Geology (2014; 357: 218-224).

■

A case study using a subset of the data has been published in a paper titled: ‘Increased rates of large-

magnitude explosive eruptions in Japan in the late Neogene and Quaternary’ in the journal Geochemistry,
Geophysics, Geosystems (2016; 17: 2467–2479).

■

The International Ocean Discovery Program is a continuation of over five decades

of international collaboration to recover geological data and samples from beneath the
ocean floor to study the history and dynamics of Planet Earth. The UK is a member of the
IODP as part of the European Consortium for Ocean Research Drilling (ECORD). The UK IODP is a NERC
directed research programme that supports UK participation in IODP. www.iodp.rocks

Global explosive eruption record
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Understanding
unprecedented
earthquakes
How the Boxing Day Tsunami
opened up the “holy grail of
earthquake studies”

The Boxing Day tsunami of 2004 remains one of the most devastating natural hazards
to have occurred in recent history, one that was all the more shocking for the fact that
it took scientists as well as the coastal communities affected unawares.

The tsunami, which killed more than 250,000 people,
followed a Magnitude 9.1-9.3 megathrust earthquake
that was triggered by an unprecedented coseismic slip
of 10-30 metres between the Indo-Australian and Sunda
tectonic plates.

At the time, speculative analysis suggested that
the shallow extent of the earthquake was likely
caused by the abundance and extreme thickness
of sediments feeding the subduction zone – where
the Indo-Australian plate slides beneath the Sunda

plate. Scientists hypothesised that the thick
sediments have become very dense and strong
over time due to high temperatures and pressures
at the base of the sediment pile where the plate
boundary “megathrust” fault forms.

Understanding unprecedented earthquakes
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In 2016, the International Ocean Discovery
Program (IODP), a multinational programme that
has been at the forefront of sub-seafloor exploration
for 50 years, sailed the JOIDES Resolution
ship out to the Sunda
subduction zone to test
this hypothesis.

““

Although the subduction zone that generated this
earthquake extends for 5000 km, it had never
before been sampled as part of a scientific ocean
drilling programme. IODP Expedition 362 was
therefore a rare opportunity to directly sample and
take measurements within fault-forming materials
that generated the earthquake.

Although we now have very sophisticated techniques to remotely
record the earthquake process and the geology below the
seafloor, we really needed to sample the fault rocks themselves,
where the real action goes on and where earthquakes are
generated, typically 5 km or more below the surface or seafloor.
Sampling this zone in situ is one of the holy grails of modern fault
and earthquake studies. In the case of Sumatra, the thickness of
the sediments means that we would need to drill 5 km or more to
reach the fault zone. Instead, we drilled the same sediments before
they reach the subduction zone where they are less deeply buried
and more easily accessible, and we can measure their properties
and predict how they will change upon reaching the subduction
zone. The only way to reach these sediments is through ocean
drilling using the same techniques as the petroleum industry.”

Professor Lisa McNeill
University of Southampton
Co-Chief scientist of Expedition 362

IODP Expedition 362 drilled down to 1500 mbsf
(metres below the sea floor), enabling scientists to
sample and measure the properties of the sediments and
sedimentary rocks which enter the subduction zone in time
(and represent the sediments already in the subduction zone),
impacting on how the fault line would have developed, and therefore
determining how the fault slipped during the earthquake.

Understanding unprecedented earthquakes
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Their studies found that rapid burial of the
fault-forming sediments over the course of ~9
million years had led to an increase in sediment
temperatures that drove the sediment components
to change releasing water. This process, known
as “diagenesis”, in turn increased the density

and strength of the sediments and rocks in the
subduction zone, which subsequently enabled
slip to build up and be released in an earthquake
at much shallower depths than expected, causing
the increase in the earthquake rupture width and
magnitude and tsunami magnitude.

“

The expedition has since opened up new avenues for scientific exploration as well as proposing
previously unanticipated theories as to why such great earthquakes and tsunamis occur.
As Greg Moore, a geophysicist at the University of Hawaii told Science magazine:

Every time we get more data in a subduction
zone, the more we realize how little we
understand.” ■

Greg Moore

Geophysicist, University of Hawaii

Understanding unprecedented earthquakes
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Photo: Free fall funnel deployment on the JOIDES Resolution © S Morgan

Additional Information
■ Professor McNeill’s participation in IODP Expedition 362 as a Co-Chief scientist was
funded by the Natural Environment Research Council (NERC).

■ Lisa McNeill is Professor of Tectonics at the University of Southampton.
Publications arising from this research are available online:
https://www.southampton.ac.uk/oes/research/staff/lcmn.page

■ The International Ocean Discovery Program has been at the forefront of sub-seafloor
scientific exploration for more than 50 years, with an increasing emphasis on scientific
outputs that are societally relevant through that time.

Uniquely, IODP is a legacy

scientific programme with data and samples routinely made publicly available one year after each expedition
has concluded. UK is a member of IODP via the European Consortium for Ocean Research Drilling (ECORD),
funded as a NERC directed research programme. ww.iodp.rocks

Understanding unprecedented earthquakes
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De-risking hydrocarbon
prospects
Making deep ocean sediment data
more accessible could aid the
exploration and discovery of new
hydrocarbon resources

Publicly-available data, acquired through over 50 years of international
ocean drilling programmes, have been made more accessible to the
petroleum industry by the global geoscientific data product and
service provider, TGS.
The database - known as the Deepwater Borehole Data Atlas - is helping to
increase understanding of earth processes and of the subsurface beneath our
seas and oceans. It could also be of broader benefit in the future, leading to the
discovery and exploitation of new hydrocarbon resources.

Since 1966, an international community
has been exploring the sea floor using
ocean coring technologies and borehole
observations. The data garnered from
these research programmes are released
into the public domain and are made
available via a number of academic web
sites.
Photo: L/B Kayd during IODP Expedition 313
© E Gillespie ECORD/IODP

De-risking hydrocarbon prospects
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In 2014, TGS developed a web
scraping tool to automatically
seek-out, download and compile
the open-source data for the 3,499
boreholes available through the
Deep Sea Drilling Program (DSDP),
Ocean Drilling Program (ODP),
Integrated Ocean Drilling Program
(IODP1) and International Ocean
Discovery Program (IODP).

Deepwater Borehole
Data Atlas
The compiled data were then analysed, standardised and presented in
a way that would make them useful both internally within TGS and to its
extensive client database.
The result was the Deepwater Borehole Data (DBD) Atlas.

The DBD Atlas includes a database
describing each well chronologically,
focussing on data that are essential
to the petroleum industry.

Composite logs were created for the
1,722 boreholes that recovered core data
dating from the Pliocene (5.3 million - 2.6
million years BP) or older.

De-risking hydrocarbon prospects

Image: DSP, ODP and IODP drillsites (Source: IODP/
ECORD)
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What we’ve done is give the oil and gas industry easy access to
data collected by academics in places where the commercial
sector might not have gone and where there is commonly a
paucity of data. By enhancing and repackaging the most relevant
data we can help the industry improve their understanding of
these frontier regions, which could ultimately lead to the discovery
of new hydrocarbon resources.”

Steve Allen
International Sales and Business Development Manager
TGS, Geological Products and Services Division

Industry users have claimed that the DBD Atlas
provides a useful starting point in areas where
industry wells don’t exist.
Internally, the DBD Atlas has proven invaluable. For
example, TGS has used the data to age sediments
in Orphan Knoll (Newfoundland), 175 km from
the nearest exploration well, which is a critical
step in de-risking prospects in the region. TGS
has also tied the data to deepwater seismic data
they acquired in order to get information, such as
total organic content (TOC), about CenomanianTuronian source rock. These data were for
offshore Senegal, 250 km from exploration wells,

and showed one of the highest TOC values in the
West Atlantic margins (more than 20%).

The DBD Atlas provides information about
what’s going on below the surface, often
in deep-water, frontier areas where few, if
any, oil wells have been drilled. The Atlas
therefore provides some of the only data
available to help base the configuration and
layout of new seismic surveys in frontier
regions. It is therefore an invaluable aid in
seismic survey planning and interpretation.

■

Additional Information
■

The Deepwater Borehole Data Atlas was developed by TGS, who provide global

geoscientific data products and services to the oil and gas industry to assist with licensing
rounds and the preparation of regional data programs. For more information on TGS and
the Atlas, visit tgs.com or email WellData@tgs.com

■

The International Ocean Discovery Program is a continuation of over five decades of international

collaboration to recover geological data and samples from beneath the ocean floor to study the history and
dynamics of Planet Earth. The UK is a member of the IODP as part of the European
Consortium for Ocean Research Drilling (ECORD). The UK IODP is a NERC directed
research programme that supports UK participation in IODP. www.iodp.rocks

De-risking hydrocarbon prospects
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Mega-earthquake,
rapid response
How historic Japanese earthquake
opened up rare scientific
opportunity

The monumental damage wreaked by the magnitude-9 Tohoku earthquake, and the
subsequent meltdown at the Fukushima Power Plant, caught the global scientific community unawares.
It also provided them with an unprecedented opportunity to understand why, where and how the disaster
began. Their findings demonstrate the value of acting on and learning from natural hazards.

The 2011 large slip earthquake occurred along a subduction zone
where two of the Earth’s tectonic plates collide, 45 miles east of
Tohoku, Japan, and 15 miles below the sea.
The earthquake triggered a 15-metre
tsunami and a Level 7 meltdown at
Fukushima.

The entire disaster meant that 20,000 people
lost their lives and an additional 230,000 lost
their homes. Tohoku alarmed the seismological,
geological, and ocean science communities.

Mega-earthquake, rapid response

It was the worst incident of its kind in Japanese
history and challenged previously held theories
about stress levels in the Tohoku region’s
subduction zone.
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In April 2012, the University of Leicester was granted NERC
funding related to the IODP Japan Trench Fast Drilling Project
(JFAST) Expedition 343 as part of the International Ocean
Discovery Program (IODP), which has a long record of
investigating the geodynamic nature of the Earth. IODP
expeditions date back to the 1960s when it started out as
the Deep Sea Drilling Project (DSDP), before migrating into
the Ocean Drilling Program (ODP) and then the Integrated
Ocean Drilling Program (IODP1).

JFAST’s mission saw an international cohort
including Japan-based experts in geology,
geochemistry, paleo-magnetism, sedimentology,
geophysics and microbiology sail to the Pacific
Coast of Japan to characterise the Tohoku
subduction fault zone.

The timing of the expedition was key
– just over a year after the earthquake, the residual
heat would allow them to capture measurements

Japan

M 9.0 Tohoku
earthquake
epicenter

Mega-earthquake, rapid response

of the fault zone, as well as chemical properties
of the fluids and rocks, that contributed to the
tectonic processes underpinning Tohoku.
The Drilling Vessel Chikyu, operated by the Japan
Agency for Marine-Earth Science and Technology
(JAMSTEC), was positioned off Oshika Peninsula
and drill sites were located approximately 220 km
from the eastern coast of Honshu, Japan, in nearly
7000 m of water.

Using downhole logging measurements,
drilling, coring, logging and borehole
observatories, samples were retrieved
from the plate-boundary thrust associated
with the earthquake. A small stress drop
with very low peak and steady-state shear
stress was found, which was attributed to
the abundance of weak pelagic clay and
thermal pressurisation effects, providing
an explanation for the huge shallow slip
that occurred during the earthquake.
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The distance the fault slipped in less than three minutes seemed to
have been greater than any earthquake ever observed (as much
as 60 m). Whereas earthquakes usually show a pattern of larger
slip distance at depth, decreasing toward the surface, the Tohoku
earthquake actually increased to maximum slip near the surface,
right to the ocean floor in the Japan Trench. This bumped the sea
floor straight up about five metres, pushing the base of the water
column in a sudden undercut.
It was this great bump from below that created the tsunami wave.
We know from studying faults on land that after an earthquake
the fault zone rapidly changes. Cracks close up, groundwater flows
through and cools things down, new minerals grow to repair the
damage. So if we want to see the earthquake source when it’s hot
and fresh, the only option is to drill into it, as soon as possible after
the earthquake.”

Dr Louise Anderson
Expedition 343 participant
Former Research Associate at the University of Leicester

As well as wreaking humanitarian, societal and geographic devastation, the Japanese
government estimated that $300 billion dollars were lost.

In the words of Jim Mori, Co-Chief Scientist from
Kyoto University who led JFAST, the expedition
provided the global scientific community
with a rare “opportunity, maybe even a
responsibility” to learn what they could from this
event, and apply that to other areas where the
risks are still unknown so as to safeguard against
future disasters.

Mega-earthquake, rapid response

The IODP provided the means, the
resources and the skills to seize
that opportunity. The JFAST project is a
prime example of how a rapid response
drilling expedition can yield invaluable
information that has the potential to
save lives through informing policy on
a national and international level.
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Investigations and research findings from the expedition have
obvious consequences for evaluating future tsunami hazards at
other subduction zones around the world, such as the Nankai
Trough in Japan and Cascadia in the Pacific of North America.” ■

Jim Mori
Co-Chief Scientist from Kyoto University

Photo: (D/V) Chikyu at sea off Japan © JAMSTEC

Additional Information
■ Dr Louise Anderson’s participation in the JFAST project was funded by the Natural
Environment Research Council (NERC).

■ Further information about the research findings arising from this project is available
here https://www.jamstec.go.jp/chikyu/e/exp343/science.html

■

The International Ocean Discovery Program has been at the forefront of sub-seafloor
scientific exploration for more than 50 years, with an increasing emphasis on scientific
outputs that are societally relevant through that time. Uniquely, IODP is a legacy scientific programme with data
and samples routinely made publicly available one year after each expedition has concluded. UK is a member of
IODP via the European Consortium for Ocean Research Drilling (ECORD), funded as a NERC directed research
programme. www.iodp.rocks

Mega-earthquake, rapid response
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Prophetic forams
Samples excavated from inner
space help science and industry
prepare for the future

Earth Scientists from University College London (UCL) are peering deep
into the Earth’s past to provide vital clues as to how we might prepare for
and adapt to future climate change.
As well as providing vital empirical evidence for the hydrocarbon industry, their studies maintain the
scientific momentum that began with the first ground-breaking deep sea drilling expeditions from the
1960s to the present day.
Scientific ocean drilling represents one of Earth
sciences’ longest running and most successful
international collaborations. Since the 1960s,
it has become the ultimate means by which
scientists can investigate, document and monitor

geodynamic changes deep beneath the Earth’s
mantle by collecting sediments from below the
seafloor and installing
cutting-edge monitoring
instrumentation.

Oceanography Research
Much of the oceanography research
carried out at UCL draws on a vast body
of data amassed by the International
Ocean Discovery Program (IODP) and
its predecessors since 1968.
Photo: (R/V) JOIDES Resolution, IODP Expedition 320 © IODP/TAMU

Prophetic forams
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Understanding bioevents
Chris Poole is one of several PhD students at
UCL whose research would have been impossible
without IODP data. Chris is investigating the
evolution, extinction and taxonomy of Cenozoic
tropical planktonic foraminifera. His aim is to
improve Cenozoic biostratigraphy so as to enable
a more consistent and reliable understanding of
bioevents.

definitions of morphospecies. Combined with
high-resolution biostratigraphic studies, Chris is
using this methodology to recalibrate the timeline
of bioevents.

“

Many biostratigraphically important planktonic
species arise through gradual morphological
change.
However, the range of subjective
taxonomic interpretations about these changes
means that there are significant discrepancies
in how bioevents are recorded. Chris’s project
uses morphometrics to provide quantitative

Core samples have
enabled me to track how
evolutionary processes
work in this fossil group at
extremely high-resolution
and through millions of
years.”

Chris Poole

PhD student at University College London

Forams and climatic record
David King is similarly working on planktonic
foraminifera, which thanks to their small size
and abundance in oceanic
sediments, are particularly
useful for evolutionary
and extinction studies.
David’s project, which
involves
studying
IODP cores from
the equatorial Pacific
and Southern Ocean,
focuses on one particular
genus that was abundant in the oceans from the
Eocene until the late Miocene. This genus is
relatively understudied and existing data shows
little consensus.

Prophetic forams

David hopes to break down the evolution of the
genus into notable segments over the Miocene.
His findings could improve the biostratigraphic
utility of planktonic foraminifera and aid scientific
understanding of how their evolution relates to the
Miocene climatic record.

“

Working on IODP
material has allowed
me to build up a global
record of unparalleled
completeness.” ■

David King

PhD student at University College London
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Photo: An aerial view of the starboard side of the JOIDES Resolution on a beautiful sunny day in the Ross Sea, Antarctica © Crawford, IODP JRSO

Additional Information
■

Chris Poole and David King are part of a cohort of Masters and PhD
students in Palaeoceanography at UCL, funded by the Natural Environment
Research Council (NERC), the leading funder of independent research, training
and innovation in environmental science in the UK.

■

Collaborations between UCL students and industry are on-going, thanks to NERC’s
Collaborative Awards in Science and Engineering (CASE) funding scheme.

■ Other funding partners and collaborators include Chevron Corporation, RPS Energy
and Shell.

■

The International Ocean Discovery Program has been at the forefront of sub-seafloor
scientific exploration for more than 50 years, with an increasing emphasis on scientific
outputs that are societally relevant through that time. Uniquely, IODP is a legacy scientific
programme with data and samples routinely made publicly available one year after each expedition has
concluded. UK is a member of IODP via the European Consortium for Ocean Research Drilling (ECORD),
funded as a NERC directed research programme. www.iodp.rocks

Prophetic forams
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Sub-sea mining mission
European project builds on
scientific legacy to reveal
potential of seafloor hot springs

The rich mineral value of extinct deep sea deposits was first discovered in the 1970s, but because
of the availability of terrestrial resources, the full potential of so-called seafloor hot springs remained
untapped. In recent years, scientific and societal interest has been reignited, prompted by the demands
of a growing global population coupled with a downturn in the oil and gas industry, and
the expansion of mineral extraction activities in China, Russia and India.

Blue Mining project
Data amassed by the International Ocean Discovery Program
(IODP) has been instrumental to the Blue Mining project, a
multi-million European program which in 2018, found the most
detailed evidence yet for informing the economic
viability and environmental sustainability of mining for these
extinct seafloor massive sulphides.

Seafloor massive sulphides (SMS) are found
beneath deep sea hydrothermal vents and contain
high grades of copper, gold, silver and zinc.
The IODP and its earlier incarnations has been
exploring the structure and setting of subseafloor

Sub-sea mining mission

mineral deposits since 1994, most notably, during
ODP Leg 158, which focused on a 40-km long
ridge segment in the Trans-Atlantic Geotraverse
(TAG) hydrothermal field at 26°N on the MidAtlantic Ridge (MAR).
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ODP Leg 158 was the first study that resulted in the classification of the internal
structure and sub-surface stratigraphy of this large SMS deposit, and subsequently
led to the realisation that SMS deposits were the modern analogue to the
ancient volcanogenic massive sulphide (VMS) deposits, found on land.

Thermodynamic data, drill cuttings and physical
properties measurements taken during ODP Leg
158 have since proved vital to the Blue Mining
project, a NERC-funded collaboration between 19
scientific and industry partners.
Blue Mining further investigated hydrothermal
vents – otherwise known as seafloor hot springs
– that have been extinct for 50,000 years, during
which time they have accrued an abundance of

“

mineral rich deposits, which are commonly used
in smartphones, aircraft, solar panels and wind
turbines.
Dr Bramley Murton, principal investigator of the
Blue Mining Project, and head of the National
Oceanography Centre at the University of
Southampton, said the project would not have
been possible without the scientific legacy of the
IODP:

Although the questions that the IODP at the time were addressing
were strictly scientific and curiosity driven, it’s because of those early
expeditions that we’ve been able to formulate new hypotheses
around how we might evaluate and test the potential of alternative
mineable systems.”

Dr Bramley Murton
Principal investigator of the Blue Mining Project
National Oceanography Centre at the University of Southampton

Sub-sea mining mission
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Estimates by the Blue Mining team
suggest that there are about ten times
more extinct SMS deposits exposed on the
seafloor or under a few metres of sediment,
within 20 km each side of the mid-ocean
ridge axis, compared with the number of
known hydrothermally active systems. Of
these, 350 are known, with another 1000
estimated yet to be discovered. If eSMS
deposits are added to the mix, then the
accessible inventory may be of the order of
15,000 worldwide.

Frank Lim is the Director of global engineering
contractor 2HOffshore, an industry partner in
Blue Mining. While Lim cautions that “we are still
around ten years away in terms of deep sea mining
signalling a new frontier in resource exploitation”,

“

he believes the evidence-based potential for deep
sea minerals, as unearthed by Murton and his
team, provides the sector with significant cause
for hope at a time when it needed it most:

Deep sea mining has certainly given our industry something to look
forward to. We have many years’ of experience, expertise and
resources that could be utilised in this venture, which is an exciting
development to consider for the future.”

Frank Lim
Director of global engineering contractor 2HOffshore

Sub-sea mining mission
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Scientists and industry agree that Blue Mining represents the tremendous scope
that exists through multinational and multidisciplinary collaboration, building on the
foundations of programs like the IODP with its unparalleled resource of material that
helps chart the past, present and future of human and environmental potential.

“

For the earth science community the IODP is the equivalent of
NASA. It sends probes back into time. It’s like a Mars mission that
goes back billions of years in history. You can drill a pile of mud and
get an idea of what the oceans were like, what forest fires were like,
going back tens of millions of years - it’s absolutely phenomenal.”■

Dr Bramley Murton
Principal investigator of the Blue Mining Project
National Oceanography Centre at the University of Southampton

Additional Information
■ Blue Mining ran between February 2014 and January 2018 and involved a total of four
years of data collection including survey design, instrument development, deployment across
ten weeks of ship time, and deep-seafloor drilling. Further information is available here:
www.bluemining.eu

■ Dr Bramley Murton is lead of the National Oceanography Centre (NOC)
Marine Mineral Research team. Further information about his research is available here:
http://noc.ac.uk/people/bjm

■ The International Ocean Discovery Program has been at the forefront of sub-seafloor
scientific exploration for more than 50 years, with an increasing emphasis on scientific
outputs that are societally relevant through that time. Uniquely, IODP is a legacy scientific
programme with data and samples routinely made publicly available one year after each
expedition has concluded. UK is a member of IODP via the European Consortium for
Ocean Research Drilling (ECORD), funded as a NERC directed research programme.
www.iodp.rocks

Sub-sea mining mission
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Inspirational IODP
How expeditions into the world’s
oceanic depths have inspired
generations of scientists

Over the past 50 years, the International Ocean Discovery
Program (IODP) and its antecedents has sent hundreds
of scientists, engineers, researchers, technicians and
educators from almost 30 countries out
into the abyss of the world’s oceans to
investigate how and why the Earth has
evolved as it has.
For expedition participants, being part of such a
rare international collaboration at this vast scale
has proved transformative at a personal and
professional level, often shaping their careers
in a way that parallels the advances
in knowledge propelled by the
Program’s overarching mission.

...out into the abyss of the world’s
oceans to investigate how and why
the Earth has evolved as it has
Inspirational IODP

Transformative at
a personal and
professional level
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The objectives set and tested on board the
Program’s various drilling ships and research
vessels have focused on navigating the mysteries
of the Earth so as to shed new light on the causes
and consequences of our changing land and
seascape – from the tectonic processes that

have led to some of humanity’s most devastating
earthquakes, to how ocean circulation through the
geological past to the present day reveals the true
scale of global warming, through to the connection
between human evolution and climate change.

More than 300 deep sea drilling expeditions have taken
place to date, as part of the multinational programme of
research that was instigated in 1968, with each expedition
involving around 30 people.

Image: DSP, ODP and IODP drillsites (Source: IODP/ECORD)

Inspirational IODP
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Gary Nichols
For Gary Nichols, taking part as a sedimentologist
while studying at University College London
in 1988 proved an invaluable opportunity that
affirmed his love of science and went on to shape
a career focused on making a difference socially
and economically.

the intensity of being with a dozen other scientists
for two months, all with a single objective was
incredibly rewarding,” says Nichols, who sailed
on board ODP Leg 124 to investigate the small
marginal basins in the Celebes and Sulu Seas, off
the Philippines.

Nichols, now a Senior Lecturer in the School of
Environment and Technology at the University
of Brighton, and an Independent Geoscience
Training Consultant with the Canadian company
Nautilus Minerals, the Program helped make him
a more rounded scientist.

In 1998, ten years after sailing on board ODP
Leg 124, Nichols went on to amalgamate his
scientific insights in a book, ‘Sedimentology and
Stratigraphy’, a study guide for university students.
This was in large part inspired by his involvement
with the IODP and was the first introductory text
to relate sedimentological units to the larger
stratigraphic picture.

“

“I had worked in teams on field work before but

Ordinarily as a scientist you’re thinking about several other projects.
It’s fair to say that I had a narrow area of specialisation so I liked
to keep my interests broad. The multidisciplinary nature of the ODP
team gave me a chance to learn about other aspects of geology
and palaeontology.”

Gary Nichols
Senior Lecturer at the University of Brighton,
Independent Geoscience Training Consultant

Photo: Drilling bit. Expedition 364 © L Phillpot

Inspirational IODP
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Sheila Peacock
For Sheila Peacock, the fascination with scientific
exploration began at an even younger age when
in 1976, she first caught sight of the Glomar
Challenger, the inaugural DSDP ship docked
in Aberdeen while she was on a family holiday.
Fast forward to 1994 and Peacock was studying
seismic waves at the University of Birmingham
when she was invited to take part in ODP Leg 156,
and later in 1997 in Leg 171a.

“

Sailing on board the JOIDES Resolution, the

Glomar’s successor on both expeditions, gave
her an unprecedented opportunity to test her
hypothesis about the nature and capabilities of
S-waves in situ, by attempting to generate them
on the surface of the sea floor in the Caribbean
Sea.
It was the realisation of a lifelong dream and, thanks
to the opportunities it opened up for Peacock to
lead and take part in international conferences,
the making of her life as a seismologist:

The entire experience, from the total dedication of the scientists
and the crew, to the mission of discovering more about the Earth
by drilling into the sea floor by virtually any means, was simply
incredible. The inspiration, and sometimes desperation that you’re
driven to when you’re out on the ship and you haven’t got much
time to sleep on things, or access to the resources you’re used
to in the lab, develops an unparalleled sense of ingenuity and
comradery.”

Sheila Peacock
Seismologist

Inspirational IODP
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Mark Tadross
Mark Tadross’s career was similarly inspired by
his involvement with the ODP. Now a Technical
Advisor on Climate Information and Early
Warning Systems (EWS) for the United Nation’s
Development Programme (UNDP), part of the
Global Environment Facility (Green Low Emission
Climate Resilient Development Strategies),
Tadross was studying at Cambridge when he was
invited to sail to the North Atlantic-Arctic Gateways

“

in 1993 on ODP Leg 151. As a sea ice physicist,
Tadross was involved in measuring the properties
of ice core samples.
Looking back on how seminal an experience
the ODP was in shaping his world view, Tadross
reflects:

The IODP provides a really important baseline for understanding how
the Earth has evolved, how the compositions of the atmosphere has
changed, and how we survived in the past. All of this information
is key to us understanding how we might evolve in the future. It’s
absolutely vital, especially as there is so much more we have still to
discover.”

Mark Tadross
Technical Advisor on Climate Information and Early Warning Systems (EWS)
for the United Nation’s Development Programme (UNDP)

Photo: Icebreaker Sovetskiy Soyuz seen from a distance © D McInroy ECORD/IODP
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Henk Brinkuis
According to Professor Henk Brinkuis, Director of
the Royal Netherlands Institute for Sea Research
and a former IODP participant, and chair of the
Netherlands IODP committee, it is precisely this
curiosity-driven approach to science that underpins
the timeless value of the IODP. When it comes

“

to the future of the planet, and of science itself,
for all the insights and knowledge that we might
glean from sophisticated modelling techniques, it
is people – not models - who will drive change,
says Henk:

With the expedition that I participated in, we proved that 50m
years ago in a high CO2 world, the temperatures in the Arctic
Ocean and the atmosphere were on average 24 degrees. There
was no ice at all. But if you then try to simulate this environment
with current state of the art climate models, they cannot
achieve this. Climate models can raise CO2 to up to five times
of present day values but you still won’t reach that kind of level
because of the variables that they use in their calculations.
This is where IODP inspires the next generation of climate model by
these kinds of findings. You have to be able to think outside of the
box. This is where people bring together multiple lines of expertise
and evidence to come up with a story that physics or models won’t
comprehend, and yet it is true. This kind of research can only be
done by people.” ■

Professor Henk Brinkuis
Director of the Royal Netherlands Institute for Sea Research

Photo: Deployment of BGS RD2 during IODP Expedition 357 © S Morgan
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IODP member countries
Image: IODP member countries © ECORD/IODP

Additional Information
■ Participation of UK researchers on IODP projects was funded by the Natural
Environment Research Council NERC).

■

The International Ocean Discovery Program has been at the forefront of sub-seafloor
scientific exploration for more than 50 years, with an increasing emphasis on scientific
outputs that are societally relevant through that time. Uniquely, IODP is a legacy scientific
programme with data and samples routinely made publicly available one year after each
expedition has concluded. UK is a member of IODP via the European Consortium for
Ocean Research Drilling (ECORD), funded as a NERC directed research programme.
www.iodp.rocks
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