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Abstract

Today geoscientists, based on their knowledge of the history, structure, composition and
dynamics of t he Eart h, have to pl ayincreasing
dependence on natural resources, in meeting its needs to remediate existing environmental
damage, in learning how to sustain human progress without causing further environmental
degradation and in | ear ni n-igcreAsmgvvulhembility éochaturad
hazards. Scientific drilling contributes to the development of prevention strategies, and
sustainable concepts through a deeper understanding of the system Earth. This knowledge
is indispensable for the integrated management strategies for sustainable development. As a
result it has become clear that continental drilling is a critical tool in our understanding of
Earth processes, composition and architecture.

ICDP, the International Continental Scientific Drilling Program, and the Structural Priority
Program ICDP of the DFG are an excellent and adequate platform to address these
problems and to support German geoscience with land-based drilling operations and related
research. Within ICDP International, a total of 160 research proposals were granted in the
period 2000-2010 to 388 proponents, including 62 proponents from Germany. Within the last
5 years, the absolute number of successful proposals of Germany-based scientists doubled
from 5 to 10 per year. German scientist are participating in about 80% of all ICDP initiatives
and are involved with major commitments as
mainly university based and distributed throughout Germany. This high-standing international
involvement of cooperation deserves further future support. To date, ICDP is one of the
outstanding and highly successful earth science programs, achieving with very modest
investments world class science of global impact.

There is a clear mission for the future: Efforts concerning new drilling projects with
significant German participation or those which are initiated by German scientist should be
further supported. The DFG Priority Program and the co-operation provide an organizational
and financial basis for the steady and effective participation of German geoscientists on an
international level, and in particular the involvement of young, promising researchers in long-
term international drilling programs. We, therefore, apply for continuation of the Priority
Program SPP 1006 as a Structural Program enabling research within the frame of ICDP.
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Part I: ICDP International

THE ICDP

ICDP, the International Continental Scientific Drilling Program, can be regarded as the
land-based counterpart to the Integrated Ocean Drilling Program IODP. Like the IODP, it

A is an internationally managed and operated Earth Science research program
A addresses fundamental geoscientific problems of global significance

A is undertaken by international teams of scientists at carefully selected sites around
the world

A serves the entire Earth Science community and is peer-reviewed

However, there are also significant differences. These include:

A The | CDP support is based on the fAcomingled

cost-sharing.

A Each drilling project is independently organized in the form of a Joint Research
Venture (JRV) between the ICDP and the Principle Investigator(s).

A Drilling on land involves a much greater diversity of targets and drilling depths, which
require application of a much greater diversity of drilling technologies.

A Continental geology is much better known than is the case in the oceans. Funding
organizations, therefore, must be convinced that the projects chosen have a clearly
demonstrated need for drilling.

The 2nd Potsdam Conference on Continental Drilling in 2005 confirmed the general
scientific goals of the ICDP and identified the following major R&D fields to guide the
scientific direction of the Program for the next 10 years:

A Climate Dynamics and Global Environments

Active Faulting and Earthquake Processes

Volcanic Systems and Thermal Regimes

Impact Structures and Impact Processes

Geobiosphere and Early Life

Convergent Plate Boundaries and Collision Zones

Mantle Plumes and Large Igneous Provinces

A Natural Resources and Industry-coupled Scientific Drilling

> > > > >

SCIENTIFIC RATIONALE AND MISSION

Geoscientists today with their knowledge of the history, structure, composition and

dynamics of t he Earth have to pl ay iinareasing y

dependence on natural resources, in meeting its needs to remediate existing environmental
damage, in learning how to sustain human progress without causing further environmental
degradation and in | ear ni n-igcreAsmgvvulhembility éochaturad
hazards. The geoscientific community is aware of its responsibility to provide decision-
makers with this fundamental knowledge.
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Significant progress has been made in recent years in the conceptual understanding of
the highly compl ex @Syst ebhsystEmasrAs h tesultvi haishbecontes n u me 1
clear that scientific drilling is an indispensible tool in our understanding of Earth processes
and properties. Drilling provides the only means of obtaining direct information on processes
operating at depth. It allows for determination of in situ-properties of solid materials and fluids
and permits testing of hypotheses and models derived from surface observations, remote
sensing data and laboratory experiments. In addition, drill holes may be used as a natural
laboratory for experiments and as observatory for long-term monitoring of ongoing active
processes. Earth drilling, therefore, plays a critical role both in scientific research directed
towards improved understanding of the workings of our planet and in solving urgent societal
problems.

Drilling projects are integral components of major geoscience research programs,
including comprehensive pre-site investigations, accompanying laboratory studies, and
measurements and tests in the drill hole. Such programs are costly and only realizable to a
limited extent by any single entity acting alone. International cooperation offers cost-sharing,
optimal utilization of all available resources, incorporation of internationally leading experts,
and application of the existing knowledge combined with the selection of optimal drilling
locations.

These gener al considerations |l ed to the follo
unique capacity of scientific drilling to provide exact, fundamental and globally significant

knowledge o f the history, composition, structur e, pr
crusto, with particular fiocus on research themes

A The physical and chemical processes responsible for earthquakes and volcanic
eruptions, and the development of optimal methods for mitigating their adverse
effects.

A The manner in which Earth's climate has changed in the recent past and the reasons
for such changes.

A The nature of the deep biosphere and its relation to geologic processes such as
hydrocarbon maturation, ore deposition and evolution of life on Earth.

A How sedimentary basins and hydrocarbon resources originate and evolve. The
effects of major impacts on climate and mass extinctions.

A The fundamental physics of plate tectonics and heat, mass and fluid transfer through
Earth's crust.

The specific objectives of the ICDP in carrying out its mission are:

A To obtain secure funding for an effective planning, implementation and execution of a
viable strategic program to meet scientific objectives of socio-economic relevance

A To identify sites for international cooperation in scientific drilling, and thus to provide
cost effective means of answering key scient.i

A To ensure that appropriate pre-site surveys are carried out

A To provide a core of technical support for drilling projects to facilitate the efficient
planning and operation

A To ensure appropriate monitoring of the program and accountability to sponsors in
terms of scientific effectiveness and financial efficiency

A To ensure effective application and dissemination of the results
ORGANIZATIONAL STRUCTURE AND MANAGEMENT
The ICDP is a multi-national program designed to coordinate international research drilling

projects on land with a variety of scientific goals and a wide range of depth targets and

7



technical difficulty. Drilling projects are selected from unsolicited proposals on the basis of
their scientific merit by an international group of scientific experts. Each approved project is
independently organized in the form of a national, bi-national or multi-national Joint Research
Venture (JRV) between the ICDP and other partners.

In the light of the scope and objectives outlined, a program structure has been developed
which is decentralized, simple in its procedures, flexible in order to meet the individual project
requirements and inexpensive in its administration. This structure (shown below) is designed
to facilitate the carrying out of five main functions:

(1) Oversight of the Program and Determination of Policy - by the Assembly of
Governors (AOG)

(2) Scientific Assessment of project proposals submitted to ICDP - by the Science
Advisory Group (SAG)

(3) Management and Operation of the Program - by the Executive Committee (EC)

(4) Management of individual Projects - by International Teams under the leadership of
Principle Investigators (PIs)

(5) Project Monitoring - by the Operational Support Group

Organizational Structure

Assembly of Governors (AOG)
R. Detrick, NSF

jht)

) Executive Committee (EC) (authorize)
{project ranking}i R. Emmermann, GFZ Paotsdam

|

0 tional S rt G
Science Advisory Group (SAG) = I(%nég) :fgf:z =
S. Hickman, USGS ’ =
Management & Finances

{unsolicited) ("Joint Res

4

"
I . !
Proposal "1" Project "1"

Proposal "2" |

International Continental Scientific Drilling Program

The AOG is composed of one representative from each member country 7 typically a
science administrator representing the respective funding organization(s) i and holds one
business meeting per year. Decisions are made through a consensus process guided by the
Chair, who has the authority to call special meetings should the need arise.

The EC is made up of one appointee from each ICDP member nominated by the
respective funding partners of the program. EC members typically are Science Managers
with expertise in drilling and/ or coordination of major research projects. The EC meets
annually, usually one month after the SAG. The Chair of the EC (Executive Chair) represents
the ICDP internationally and has the executive responsibility for carrying out the Program. He
reports annually to the AOG on the past year 0s
ICDP budget.

The EC is supported by the Operational Support Group (OSG), a not-for-profit entity
8



under German Law, separately financed by GFZ Potsdam. The OSG provides the EC with
the operational capabilities to manage the Program and to support individual ICDP co-
financed projects.

The OSG is a separate entity within the section Scientific Drilling of the GFZ. The GFZ
Potsdam currently finances from its own budget a group of 6 scientists, engineers and
technicians who compose the core of the OSG and who are based at the GFZ. The costs of
salaries and space for the OSG are provided by the GFZ Potsdam while additional costs for
services are charged on a project-by-project basis to the ICDP. If the OSG needs to be
temporarily expanded due to an increased number of projects at a given stage, salaries for
additional stuff has to be covered by the ICDP budget.

The SAG is an independent body of internationally renowned experts in the research
fields covered by ICDP projects. It has the task of carrying out a thorough scientific
evaluation of all Pre-, Workshop and Full Proposals submitted to ICDP, to assign priority
based on expected Impact on Science as well as Outreach and Educational potential of the
individual competing proposals, to comment on the technical planning of Full Proposals and
to provide a comparison and ranking of Full Proposals. The recommendations of the SAG
are the primary input to the EC as it develops projects for both long-range and annual
programs. The SAG meets once per year, usually in March, for a 3-day proposal review.

ICDP MEMBERSHIP, FINANCES AND EXPENDITURES

The ICDP started officially in 1996 with the three founding members United States of
Ameri ca, Japan and the Peopleds Republic
representatives of the NSF, the Chinese Ministry of Land and Resources and the German
BMBF/GFZ. Since then it has increased its membership continuously. The Program currently
has 23 members, including 21 countries, the UNESCO and Schlumberger Services Inc. as a
corporate Affiliate. The international office is located at and supported by the Deutsches
GeoForschungsZentrum (GFZ) Potsdam, who also provides the operational support group
(OSG).

ICDP Membership

Member Countries Member Organizations 2011 Newcomers
Germany « UNESCO * India
USA * Schiumberger * Netherlands

Japan -+ South Korea
China 2008-2009 Newcomers

R Italy_ Im & Negotiations
Austria Spain - Brasil

Sweden + Russia

Mexico Switzerland Tur_key _

Poland New Zealand United Kingdom

Czech Republic 2010 Newcomers . SETT:
lceland *  France y

Fintand . lamel + some more
South Africa

Norway

International Continental Scientific Drilling Program
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Since 2005 nine new member countries joined the Program: Italy, Spain, Sweden,
Switzerland, New Zealand, France, Israel, India and The Netherlands, the latter two earlier
this year. South Korea, meanwhile, has signalled that it is ready to sign a MoU. Expressions
of interests in membership and/or negotiations are currently underway with Brazil, Belgium,
Turkey, Russia and Great Britain, Denmark.

The conditions of membership including the rights, duties and responsibilities of the
members are laid down in a Memorandum of Understanding (MoU) between each member
and the GFZ Potsdam, acting on behalf of the ICDP members. The MoU also contains the
annual funding contribution of the member. The EC Chair, assisted by the OSG, is
responsible for the negotiation of the MoU.

ICDP is financed through the annual contributions of its members. The membership fees
vary and are based on a number of criteria that include economic factors, the scientific
manpower and the size of the geoscientific community of the respective country, and the
comparability to ICSU membership fees. The present yearly fee for the USA, Germany and
Japan is 700,000 US$ (Category A countries) and all other member countries pay lesser
amounts. Due to the increased membership the annual comingled budget of the ICDP has
also grown from ca. 2.7 to 3.4 Mio. US$.

The ICDP membership contributions are used, for the most part, for co-funding of
approved ICDP projects as well as for the execution of ICDP workshops and training
courses. Also, expenditures for the maintenance of the ICDP equipment pool, for the
development or purchase of new instruments and for the ICDP Drilling Information System
DIS are covered from the ICDP budget. Costs for the ICDP board meetings are very low and
amount to a maximum of 3 % of the annual overall expenditures. No costs incur for the
management of the ICDP funds.

The administration of the ICDP is provided by the GFZ Potsdam, which acts as Executive
Agency on behalf of the ICDP members. The GFZ administers the ICDP budget, is
responsible for the control of expenditures and all judicial business related to the formulation
and negotiation of contracts such as the MoU, JRV and other national or international
agreements. Proper expenditure of the ICDP money is controlled by an external Auditing
Company.

The philosophy of | CDP supportdiinggdobegpgddchcopl &
means that the ICDP is usually one of several funding partners of an ICDP co-financed
drilling project. The financial contribution by ICDP to directly support an ICDP project varies
between 5 % to about 70 % of the total operational costs. The remainder of the budget has to
be provided by national funding agencies or other sources of support for scientific drilling.

10



Projects Total Funds | ICDP funds | ICDP %
Lake Baikal 1.760.000 350.000 20
Long Valley 2.000.000 300.000 15
Hawaii 6.533.000 1.700.000 26
Koolau 165.000 20.000 12
Titicaca 485.672 275.000 57
Chicxulub 2.150.000 1.550.000 72
Donghai CCSDP 16.000.000 1.500.000 9
Mallik 10.700.000 1.300.000 12
Corinth 1.740.000 250.000 13
Unzen 12.200.000 2.500.000 13
Chelungpu 2.370.597 150.000 6
Bosumtwi 1.760.000 1.235.000 70
Sum ©698 58.000.000 | 11.000.000 19%
Malawi 1.840.000 763.000 41
Iceland 3.000.000 150.000 5
DAFSAM 1.590.000 250.000 14
Lake Qinghai 1.553.000 550.000 35
Chesapeake Bay 1.750.000 970.000 55
Lake Petén Itza 950.000 500.000 53
FAR DEEP 970.000 550.000 51
SAFOD 22.000.000 2.200.000 10
Lake Potrok Aike 2.300.000 1.300.000 57
Lake EI 6¢ 10.200.000 2.500.000 22
New Jersey 8.700.000 500.000 6
Snake River 5.640.000 1.000.000 18
Lake Van 1.400.000 870.000 62
Dead Sea 2.500.000 920.000 37
Total 64.400.000 | 10.200.000 16%

Once a drilling project has been approved by the AOG and the amount of ICDP co-

funding has been allocated, the Pl O&s must secu
national funding agenci es. I n al | cases, this #fs
excellent in depth-reviews by the science advisory group ( SAG) , has enabled tl

receive the necessary co-funding from additional sources. However, there have been times
when a portion of the funding for a project was not approved by a national funding agency. In
most cases this issue was overcome by down-scaling the operational goals and postponing
the projects to later dates when funding was available. The key to make this possible was to
have ICDP funds and any additional funds collected held on a trust basis by the GFZ until
enough money could be accumulated for the project. This is possible because ICDP
accounts are not bound to fiscal years.

An overview of the cost-distribution (only for operational costs) for ICDP co-financed
projects is given in the table above. Shown are several ICDP drilling projects co-funded
today, the available total comingled funds and the respective ICDP contributions. Overall, the
table demonstrates that the membership fees of the ICDP have been used very effectively
and that an ICDP commitment for co-funding of a project generates substantial additional
third-party funding.

11



FROM PROPOSALS TO PROJECTS

ICDP is driven by unsolicited proposals submitted by scientists and engineers from
member countries or countries considering membership. These proposals may be
assembled by individuals or groups of scientists from single or groups of countries.
Proposals to the ICDP are requested through a Call for Proposal published in several
advertisements from October to December each year in EOS and on the ICDP webpage.
The deadline for proposal submission is January 15.

There are four types of proposals: Pre-Proposals (with no request of funds), Workshop
Proposals (requesting funds for an international workshop), Full Proposals (requesting co-
funding for an ICDP drilling project, and Technical Proposals (requesting funds for the
purchase or development of tools and instruments for the ICDP Equipment Pool).

The individual steps are
(1) Submission of a Pre-Proposal to the OSG
(2) Review and Ranking of this proposal by the SAG

(3) EC decision to either reject the proposal or to recommend the submission of a
Workshop Proposal.

Instead of a Pre-Proposal applicants may directly submit a Workshop Proposal if they
believe that their proposal is already mature.

Following a successful ICDP workshop a Full Proposal can be submitted to the OSG for a
final scientific assessment by the SAG and for a review of the feasibility of the planned
drilling project by the EC. If this Full Proposal is recommended by the SAG and accepted by
the EC, the AOG is responsible for the final approval of the proposed drilling project and the
decision on the amount of co-funding, based on a recommendation by the EC.

The main criteria for the assessment of Full Proposals and the selection of Drilling
Projects for ICDP co-funding are:

A Global Criterion i The proposed projects should focus on drilling targets which
represent problems of gl obal significance

(AWor |

best possible locationsworld-wi de ( AWorl d Geol ogical Siteso).

A International Criterion i ICDP projects should be international in scope in order to
choose the very best targets, to optimize scientific yields, and to pool financial and
technological resources.

A Need-for-Drilling Criterion i The ICDP should only choose drilling projects where it
can clearly be shown that the necessary information is not otherwise obtainable than by
drilling, or which exploit the unique environment of the borehole.

A Depth-to-Cost Criterion i The ICDP projects should be cost-effective by minimizing
the depth, difficulty and hence cost of the drilling target selected.

A Active-Processes Criterion i The ICDP should put special emphasis on the study of
active systems and focus on projects where drilling provides crucial information not otherwise
obtainable, including rock and fluid composition, temperature, pore fluid chemistry, state of
stress, etc.

A Societal-Needs Criterion i ICDP projects should not only be concerned with
academic issues but strive, where appropriate, to collaborate with industry. Preference
should be given to projects which have relevance to societal needs, such as energy, mineral
resources and geological hazards, etc.

12



ICDP DRILLING PROJECTS

Since the very first ICDP co-financed drilling campaign on the Lake Baikal in 1998, a total
of 28 drilling projects with broad international participation have been carried out worldwide.
In the time range under consideration, 14 drilling projects have been successfully executed
and 7 new drilling projects have already been approved by the AOG and are about to start.
Altogether, these projects deliver a significant contribution to the eight major R&D fields of
the ICDP.

Climate Dynamics and Global Volcanic Systems and Thermal Regimes
Environments The Long Valley Exploration Well
Lake Baikal Drilling Project Hawaii Scientific Drilling Project
Lake Titicaca Drilling Project 1997 - 2004 Koolau Scientific Drilling Project 1997 -
Lake Bosumtwi Drilling Project 2004
Lake Malawi Drilling Project Unzen Scientific Drilling Project
Lake Qinghai Drilling Project Laguna Potrok Aike Maar Lake Drilling

Project

Iceland Deep Drilling Project 2005 - 2010
Laguna Potrok Aike Maar Lake Drilling The Snake River Scientific Drilling Project
Project 2005 - 2010 (HOTSPOT)

Lake E |. ? gy g ytegyn Drillin ;?ég%'ly% prrilvggldera Deep Drilling Project
FAR DEEP Drilling Project

Lake Van Drilling Project
Dead Sea Drilling Project

Lake Petén Itza Drilling Project
Chesapeake Bay Deep Drilling Project

Impact Structures and Impact Processes
Chicxulub Scientific Drilling Project
Lake Bosumtwi Drilling Project 1997 - 2004

Chesapeake Bay Impact Crater Deep
Drilling Project

Scientific Drilling in the Barberton
Greenstone Belt

Colorado Plateau Scientific Drilling Project

Lake Ohrid Drilling Project Iéoalok ¢ El0gygytgya0sdrililing F
COREF Dirilling Project already approved Songliao Basin Deep Drilling Project
Songliao Drilling Project already approved
Hominin Sites and Paleolakes Drilling Geobiosphere and Early Life
Project Lake Baikal Drilling Project
Active Faulting and Earthquake Processes Chicxulub Scientific Drilling Project 1997 -
Golf of Corinth Rift Laboratory 2004
Drilling Active Faults in South African Mines Mallik Gas Hydrate Research Well
1997 - 2004 Lake Malawi Drilling Project
Taiwan Chelungpu Fault Drilling Project Lake Petén ltza Drilling Project
San Andreas Fault Observatory at Depth Chesapeake Bay Drilling Project 2005 -
2005 - 2010 2010
Dead Sea Drilling Project FAR-DEEP Drilling Project
GONAF Drilling Project Colorado Plateau Drilling Project
i . _ Scientific Drilling in the Barberton
Alpine Fault Drilling Project, New Zealand Greenstone Belt

already approved . )
COREF Dirilling Project already approved

Songliao Basin Drilling Project
Lake Ohrid Drilling Project

13



Convergent Plate Boundaries and
Collision Zones

Chinese Continental Scientific Drilling
Project

Taiwan Chelungpu Fault Drilling Project
1997 - 2004

Scientific Drilling in the Barberton
Greenstone Belt already approved

Collosional Orogeny Drilling project
(COSC) in review

Alpine Fault Zone Drilling Project | in
review

Mantle Plumes and Large Igneous
Provinces

Hawaii Scientific Drilling Project 1997 -
2004

Iceland Deep Drilling Project

Snake River Scientific Drilling Project 2005
i 2010

Campi Flegrei Caldera Deep Drilling Project
already approved

Natural Resources and Industry-coupled
Scientific Drilling

Mallik Gas Hydrate Research Well 1997 -
2004

FAR-DEEP Project
Iceland Deep Drilling Project 2005 - 2010

Scientific Drilling in the Barberton
Greenstone Belt

Campi Flegrei Caldera Deep Drilling Project
already approved

Songliao Basin Drilling Project
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Climate Dynamics and Global Environments

Lake Malawi Drilling Project

Lake Qinghai Drilling Project

Lake Petén Itza Drilling Project

Chesapeake Bay Deep Drilling Project

Laguna Potrok Aike Maar Lake Drilling Project 2005 - 2011
Lake EIl 6gygytgyn Drilling Project

FAR DEEP Dirilling Project

Lake Van Drilling Project

Dead Sea Drilling Project

Scientific Drilling in the Barberton Greenstone Belt

Colorado Plateau Scientific Drilling Project

Lake Ohrid Drilling Project

COREF Dirilling Project already approved
Songliao Drilling Project

Hominin Sites and Paleolakes Drilling Project

LAKE MALAWI DRILLING PROJECT

Lake Malawi has long been recognized as an outstanding laboratory and archive for
the study of tropical paleoclimatology, extensional tectonics, and evolutionary biology.
Along with Lake Tanganyika, Lake Malawi holds the promise of a high-resolution
paleoclimate record of unparalleled antiquity in continental tropics. The critical role of
the tropics in driving global circulation is widely accepted, but the climatic linkage
between tropical Africa and the high latitudes at decadal-centennial through orbital
timescales, has yet to be established.

The operational goal of the project was to obtain a continuous high-resolution
(annual-decadal) record of past climates in the continental tropics over the last ~800
ka. Other objectives of the project intersect several research fields, including
extensional basin evolution and neotectonics, evolutionary biology, and the
environmental background to human origins.

Main scientific objectives of the projects have been to:

e Investigate if tropical African climate responded to changes in low-latitudes
precessional insolation (29-19 ka) or to high-latitude ice volume forcing (100-41
ka)

e Assess the phasing of lake level changes in the last half of the Pleistocene

e Determine from the high-resolution drill cores if high-frequency climate
variations are superimposed on glacial-interglacial timescale variations

e Establish how interannual African climate variability has changed in association
with longer-term climate variations

15
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Operational Achievements

This project was the most logistically challenging lake drilling effort to date, using a
much larger rig and platform than prior efforts. It was also the first lake drilling
campaign to employ dynamic positioning (DP) successfully; DP was required instead of
anchoring because of the great water depths of the coring targets. A total of 623 m of
core samples were recovered from 7 holes at 2 sites (92 % recovery). At the site in the
far north, 3 holes were drilled in water depths of 350 m, which collected samples
representing about 100,000 ka. In central Lake Malawi, where the water depth is 600
m, 4 holes were drilled, the deepest of which extended 380 m below lake bottom. At
this site, the oldest samples are approximately 1,5 Ma old.

Science Team

50 scientists from USA, Norway, Germany, France, Belgium, United Kingdom, Malawi,
Tanzania

LAKE QINGHAI DRILLING PROJECT

Lake Qinghai (3,200 m a.s.l.) in central China was selected as a world-class target
for lake drilling due to its strategic location at the northeastern margin of the Tibetan
Pl ateau and west of the worldbés most extensive
and pace of glacial/interglacial change over the past 3.5 Ma. The region surrounding
the lake is today affected by the East Asian and Indian summer monsoons, the
Siberian winter monsoon and the Westerlies.

Drilling at Lake Qinghai was carried out in order to

e oObtain an improved understanding of the Late Cenozoic environmental history
of the entire region and the development of the East Asian monsoon climate

e understand the Late Cenozoic tectonic evolution of the Lake Qinghai Basin and
the growth of the northeastern margin of the Tibetan Plateau and its effects on
regional climate

e correlate Lake Qinghai environmental records with other regional and global
paleoclimate records to better understand the connection between the regional
climate change, the development of the East Asian monsoon system and
ultimately, the evolution of the global climate

Despite the challenges of an infectious bird flu outbreak and poor weather
conditions, drilling using the GLADB800 coring system recovered 320 m of sediment
from 13 sites across the basin with excellent recovery in the upper 30-50 m of the
sediment sequence. Recovery of a proposed 700 m lacustrine sediment sequence
from the deep basin had to be postponed to the future, but 2 sediment cores reaching
depths of 1,010 m and 628.5 m were taken with 90 % recovery from the basin at the
edge of the lake by the Qinghai Geological Survey.

Science Team

85 scientists from China, Switzerland, Japan, USA, Austria, Germany, France, United
Kingdom
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LAKE PETEN ITZA DRILLING PROJECT

Lake Petén Itzad (ca. 100 km?) in northern Guatemala, the deepest lake (with a
maximum depth of 65 m) in the lowlands of Central America, is a tectonic basin that
persisted even during dry portions of the last few glacial cycles. For this reason the
lake offers one of the few sedimentary archives available for decadal to millennial
resolution studies of climate variability during the late Pleistocene and Holocene in this
tropical region. The proximity of the lake to the outstanding records from the Cariaco
Basin made this lake a key drilling target for testing the low latitude land response to
ocean/atmospheric climate change operating at global scales.

The primary purpose of the Lake Petén Itz4 Scientific Drilling Project was to recover
complete lacustrine sediment sequences to study:

e The Paleoclimatic history of the northern lowland Neotropics on orbital to
suborbital timescales, emphasizing marine-terrestrial linkages

e The Paleoecology and biogeography of the Maya tropical lowland forest,
including the history of vegetation change and disturbance by humans, climate
change and fire

e Biogeochemical cycling in deep lake sediments emphasizing integrated studies
of  microbiology, geochemistry (interstitial waters), and mineral
authigenesis/diagenesis

Drilling operations were <conducted in Februa
Global Lake Dirilling platform GLADS800. All 6 primary sites and one alternate site were
drilled with an average core recovery of 93,4 %. A total of 1,327 m of sediment was
recovered, and the deepest site reached 133 m below the lake floor. At most sites
multiple holes were drilled and cores were logged in the field for density, p-wave
velocity, and magnetic susceptibility using a GEOTEK core logger provided by the
OSG.

Operational Achievements

Complete stratigraphic recovery was verified in nearly real-time using Splicer, a
software program developed by the Ocean Drilling Program that permits alignment of
features among holes using core logging data. Downhole logging was conducted by
the OSG at five sites using their slimhole logging tools. Samples from at least one hole
from the primary sites were squeezed for porewater geochemical analysis, and
ephemeral properties such as alkalinity and pH were measured on site.

Science Team

About 50 scientists from Switzerland, USA, Germany, France, United Kingdom,
Guatemala

LAGUNA POTROK AIKE MAAR LAKE DRILLING PROJECT

High-resolution paleoclimate records from Patagonia are a key to a better evaluation
of inter-hemispheric linkages in differences in the climate system, especially as the
Southern Ocean plays a key role for a proper understanding of the global climate
system. Moreover, this region close to the Andean volcanic chain, is one of the source
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regions for Southern Hemispheric dust. It is also subject to shifts in polar to mid-latitude
pressure fields and precipitation regimes related to the Southern Hemispheric
Westerlies and the Antarctic Oscillation. Patagonia, thus, potentially provides unique
terrestrial records of variations in climate, hydrology, erosion and deposition of
atmospheric dust, and volcanic activity.

For southernmost South America most lake sediments extend in time not beyond
the Late-Glacial. However, Laguna Potrok Aike is older than the numerous Patagonian
glacial lakes and thus offers the opportunity for detailed climatological and
volcanological studies. Laguna Potrok Aike, located at 52°S and ca. 100 km east of the
Andean Volcanic arc, is a 770 ka old maar lake in the Pali Aike Volcanic Field. The lake
(113 m a.s.l.) is 100 m deep and has a maximum diameter of 3.5 km. It is filled with
about 400 m of sediments and shows a pot-shaped bathymetry which is typical for
maar lakes.

Operational Achievements

Although the project could not recover the entire lacustrine sediment infill and
volcaniclastics due to unusual windy conditions and technical problems, PASADO
drilled 7 holes at 2 sites in the central lake basin to a maximum depth of 101.5 m blf. A
total of 533 m of sediment cores was gathered with a mean recovery rate of 95.5 %.

Appendix | contains a status report of the Laguna Potrok Aike project.

Science Team

Nearly 120 scientists from Switzerland, Germany, USA, United Kingdom, Argentina,
Sweden, Italy, Canada, Poland, South Korea, Belgium, Romania

LAKE VAN DRILLING PROJECT

Lake Van is the fourth largest terminal lake in the world. With a volume of 607 km3, a
surface area of 3570 km2 and a maximum depth of 460 m it extends for 130 km WSW-
ENE on a high plateau in Eastern Anatolia, Turkey. The lake is situated at a key
climatic position at the crossroad of the atmospheric south-western jet stream and the
northern branch of the subtropical high pressure belt. Within the sensitive climate
region of north-eastern Anatolia, it represents a first order climate archive between the
Black Sea, the Arabian Sea and the Red Sea.

The combination of this sensitive climatic position with the varved sediment lithology
makes Lake Van an outstanding candidate to disentangle processes and
developments of former patterns of climate and environment. The size and depth of the
lake in combination with already existing information suggested that the lake sediments
hold a continuous climate archive spanning multiple glacial/interglacial cycles. As a
closed and saline lake, Lake Van reacts very sensitively to lake level changes caused
by any alterations in the hydrological regime in response to climate change. Tephra
layers, documented in short cores allow reconstructing of larger volcanic events and
environmental impacts. These cores also show strong evidence of earthquake
triggered microfaults, interpreted as seismites.

Based on high-resolution seismic studies and multidisciplinary scientific work on
short cores, 5 sites were selected for drilling. Scientific objectives of the project are:

e Long continental paleoclimate record in a sensitive semi-arid region
e Dynamics of lake level fluctuations and hydrological development
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e Organic matter content and composition: proxies for macro- and
microorganisms

¢ Noble gas concentration in pore water of the lake sediment

e History of volcanism and volcanic activities based on tephrostratigraphy

e Paleoseismic and earthquake activities

¢ Interaction between man and environment since prehistoric times

Operational Achievements

Coring operations were performed in July and August 2010 at two sites. The first
site close to Ahlat in the Northern Basin of the lake reached in double coring down to
170 m. At the second site, the Ahlat Ridge further to the south in the center of the
Western Basin, 220 m depth was triple cored into basement rock with freshwater beach
deposits. Cores have been opened in the Bremen Core Repository in Bremen in
February 2011.

Appendix | contains a status report of the Lake Van project.

Science Team
60 scientists from Switzerland, Germany, USA, Turkey

DEeAD SEA DEEP DRILLING PROJECT

The Dead Sea Basin (DSB), the lowest continental elevation on Earth, has been
intermittently filled by several water-bodies during the Neogene-Quaternary periods.
The basin evolved in relation to the tectonic activity along the Dead Sea Transform,
which is related to the breakup of the Arabian Plate. The sedimentary fill of the DSB
comprises an archive of the limnological-hydrological-seismic histories of the region,
which are modulated by global climate and rift-transform fault tectonics.

The operational goal of this drilling project has been to recover these histories
through deep drill core in the northern basin of the Dead Sea. Combined with the
information obtained from the exposed on-shore sedimentary sections, the core will
provide high-resolution paleo-climatic and paleo-seismic records of the DSB for the
past several glacial-interglacial cycles. The seismic information will be integrated with
that of basin development and rift tectonics, and the paleo-hydrological and paleo-
climate information will be integrated and evaluated in framework of global climate
modeling.

Major scientific goals of the project are to:

e recover the sedimentary history of the DSB during the past several hundred
thousand years

e reconstruct the geochemical-sedimentologial-limnologigal history of the Dead Sea

e establish the climate history of the year over the past several glacial/ interglacial

climatic cycles

establish the paleo-hydrology of the drainage area

establish the behavior of abrupt hydrological/ limnological events

establish the paleo-magnetic history of the DSB

establish a high-resolution paleo-seismic record
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e investigate the tectonic and subsidence history of the DSB during the late
Quaternary

e investigate the relation between human culture development and climate changes
in the region

Operational Achievements

The drilling campaign started in November 2010 and ended in March 2011 with the
Large Lake Drilling Facility of DOSECC, a modified and improved version of the
GLADS8O00, two boreholes could be drilled, one in the center of the lake at 300 m water
depth, and the second one, close to the shore in 3 m deep water, near Kibutz Ein Gedi.
Hole 1 reached a depth of ca. 460 m below the lake bottom and retrieved cores which
cover ca. 200,000 years. Hole 2 recovered ca. 360 m of core.

Appendix | contains a status report of the Dead Sea project.

Science Team
30 scientists from Israel, Germany, Norway, Switzerland, USA, Japan

Active Faulting and Earthquake Processes

San Andreas Fault Observatory at Depth 2005 - 2011
Dead Sea Drilling Project

GONAF Dirilling Project
Alpine Fault Drilling Project, New Zealand already approved

SAN ANDREAS FAULT ZONE OBSERVATORY AT DEPTH

SAFOD, the San Andreas Fault Observatory at Depth, has been a highly successful
research project aimed at directly studying the physical and chemical processes
occurring within in the San Andreas Fault Zone at seismogenic depth. It exemplarily
embraces all elements of a comprehensive geoscientific research drilling project,
including extensive surface investigations, accompanying laboratory studies,
measurements and tests in the drill hole and long-term monitoring of ongoing active
processes. The principle goals of SAFOD are to

e Study the structure and composition of the San Andreas Fault at depth

e Determine its properties and deformation mechanisms

e Measure directly the state of stress and pore pressure in and near the fault
zone

e Determine the origin of fault zone pore fluids

e Examine the nature and significance of time-dependent chemical and physical
fault zone processes

The project began with an international workshop held in Asilomar, California in
1992 and was conducted in a series of consecutive steps. In preparation for SAFOD, a
2.2-km-deep, ICDP financed pilot hole was drilled in summer 2002. The Main Borehole
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was realized in three distinct phases. Phase 1, in summer 2004, involved rotary drilling
vertically to a depth of 1.5 km, then steering the well at an angel ~ 60° from vertical
toward the San Andreas Fault. In Phase 2, during the summer of 2005, drilling was
continued and a relatively large-diameter (21.6 cm) hole was drilled across the San
Andreas Fault Zone. In Phase 3 (summer 2007) sidetracks were drilled laterally off the
SAFOD Main Borehole at critical intervals in order to obtain cores across active shear
zones. At the end of phase 3, with the last coring attempt, 39.9 m of 10-cm diameter
continuous core could be successfully exhumed which includes two actively deforming
traces of the San Andreas Fault Zone. This means, that for the first time ever, a major
fault zone could be sampled at seismogenic depth. After retrieving the core, the hole
was slightly enlarged to allow for installation of an 18-cm-diameter casing and eventual
deployment of the SAFOD observatory.

The core material is being now extensively tested in laboratories around the world,
and its composition, deformation, mechanisms, physical properties, and rheological
behavior is studied. Downhole measurements show that within 200 m of the active fault
trace, the direction of the maximum horizontal stress remains at a high angle to the
San Andreas Fault, consistent with the strong crust/weak fault model of the San
Andreas.

Appendix | contains two status reports of the San Andreas Fault project.

Science Team

195 scientists from USA, Germany, Netherlands, New Zealand, Japan, Mexico,
France, United Kingdom, Norway, Sweden, Italy

Impact Structures and Impact Processes

Chesapeake Bay Impact Crater Deep Drilling Project
Lake EI 6gygytgyn Drilling Pr o2p0&t2011

Songliao Basin Deep Drilling Project already approved

CHESAPEAKE BAY IMPACT CRATER DEEP DRILLING PROJECT

The Chesapeake Bay Impact Structure (Virginia, USA) is among the largest (~85-90
km diameter) and best preserved terrestrial impact structures and is the apparent
source of the North American tektite strewn field. This late Eocene structure with an
age of ca. 35.4 Ma is buried by several hundred meters of post-impact sediments. The
impact event is particularly important for understanding wet-target processes. The
target consisted of three layers of different strength: a continental-shelf water column,
water-saturated Cretaceous and Tertiary sediments, and the upper few kilometers of
continental crust, composed of pre-Mesozoic igneous and metamorphic rocks.

The goal of the project was to drill a 2.2-km-deep corehole near the central uplift
within the fAmoato of t he st touwltdinua thicksandc ent r al
undisturbed post-impact succession, a thick section of impactites and to reach the sub-
crater basement. The purpose of drilling a deep hole into the structure was fourfold:

21



icop | spp 1006

£™\

()l mpact studies with regaret to the i mpact
(2) Documentation of the impact-triggered local biotic crisis, recovery of the bio-
system, and study of impact-related environmental effects on sea-level, climate
and sedimentation in the short- and long-term evolution of the mid-Atlantic
continental margin.
(3) Detailed hydrogeologic investigation of the brines in the cored sediment section
in order to elucidate the hydrogeology history of the Chesapeake region as well
as provide valuable data for improved modeling of the current fresh water
reservoir in this densely populated region.
(4) Astrobiology and deep biosphere issues: opportunity to study microbial
communities at significant depths in the

The drill site (Eyreville Farm) is located about 9 km from the center of the structure
in the central crater. Due to a variety of technical problems encountered, the original
plan to drill one deep borehole could not be realized. Instead 3 boreholes were drilled
at the selected location in several stages from September 2005 to May 2006, which
together cover a composite depth of 1.76 km.

Operational Achievements

The drilling strategy was designed to sample continuously the entire section of post-
impact sediments and craterfilling impactites, and a short section of autochthonous
breccias in the crater floor, to a depth of about 2.2 km. Problems with lost mud
circulation, trapped drill rods, and locally slow penetration rates in the impactite section
ultimately limited the total depth to 1.766 km. Three boreholes were drilled at the
Eyreville site in several stages from late July 2005 to early May 2006. Somerset
Drilling, Inc. conducted rotary drilling (no coring) to a depth of about 128 m and
installed large-diameter steel casing to a depth of 125 m in the Eyreville A borehole.
The principal contract driller, Major Drilling America, deepened this borehole to a total
depth of 940.9 m using a wireline coring rig. Expanding and sliding red clay sections
caused repeated problems during reaming attempts, and the bit eventually deviated
from the original hole at a depth of 737.6 m. As a result, duplicate cores were collected
between depths of 737.6 m and 940.9 m. The new borehole below the deviation point
at 737.6 m was designated as the Eyreville B borehole. Coring proceeded in the
Eyreville B borehole to a depth of 1100.9 m, where the bit was deliberately stuck within
a section of granite and the drill rods were left in the hole to serve as casing against the
red clays. Drilling then resumed in the Eyreville B borehole with a narrower sampling
system and continued without major problems to the final depth of 1766.3 m.

Appendix | contains a status report of the Chesapeake Bay project.

Science Team

150 scientists from USA, Switzerland, Germany, Czech Republic, South Africa, Japan,
Netherlands, Finland, Spain, Austria, United Kingdom, Norway, Estonia
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LAKE ELGYGYTGYN DRILLING PROJECT

Lake EIl 6gygytgyn, l ocated ~ 100 km north of t
the drainage devide between the Arctic Ocean and the Bering Sea, is a 3,6 Ma old
impact crater lake. The crater measures ca. 18 km in diameter and lies nearly in the
center of Beringia, the largest contiguous landscape in the Artic to have escaped
continental-scale glaciation. Within the crater rim today the lake is 12 km in diameter
and is 170 m deep, enclosing 350-400 m of sediment deposited since the time of
impact.

Because of its unusual origin and high-latitude setting, scientific drilling at Lake
El 6gygytgyn offered unique opportunities acr o:¢
include:

(1) paleoclimate research, allowing the time-continuous reconstruction of the

climatic and environmental history of the terrestrial Artic back to the mid-

Paleocene for the first time;
(2) permafrost research, promising a better understanding of the history and

present behavior of the Arcticbs frozen surfic
(3) impact studies, providing new insights into planetary cratering processes and

the response of volcanic target rocks.

Lake EI 6gygytgyn is logistically amooug t he mo
a scientific drilling project. In summer 2008, the majority of the technical equipment in
field supplies was transported from Salt Lake City, USA to Pevek, on the coast of the
East Siberian Sea. In Pevek, the cargo was loaded onto trucks driven with bulldozer
assistance more than 350 kmcross<country to Lake EIl 6gygytgyn. T
was supported by a temporary winter camp that was designed for up to 36 people and
set up on the western lake shore. The drilling campaign took place between October
2008 and May 2009. The project completed 1 borehole into permafrost deposits in the
western lake catchment and 3 holes at 170 m water depth in the center of the lake. The
permafrost corehole reached a depth of 141.5 m with 91 % recovery, and after drilling
was permanently instrumented with a thermistor chain for future ground temperature
monitoring as part of the fAGlIlobal Terrestrial I
Permafrost Association, thus contributing to the understanding of future permafrost
behavior in the light of contemporary rapid change.

3 holes were drilled in the center of the lake with a specially developed GLAD800
system for extreme cold temperature conditions utilizing the lake ice cover as a drilling
platform. The entire 315-m-thick lake sediment succession could be penetrated which
provides the first comprehensive and widely time-continuous insights into the evolution
of the terrestrial Arctic since mid-Pliocene times. In addition, nearly 200 m of underlying
rock sequences were also recovered; these cores consist of an almost complete
section of the various types of impact breccias including broken and fractured volcanic
basement rocks and associated melt clasts. Investigation of this core material promises
new information concer ni ng the EIl dgygytgyn i mpact event ,
and nature of the meteorite, the energy released, and the shock behavior of the
volcanic basement rocks. Complementary formation on the regional environmental
history, the perma-frost history and lake-level fluctuations is being expected from the
study of the perma-frost section drilled at the lake shore.
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Appendix | contains a statusreportof t he Lake EI 6gygytgyn

Science Team

About 150 scientists from Russia, USA, Germany, Austria, Finland, France, Canada,
Estonia, United Kingdom

Geobiosphere and Early Life

Lake Malawi Drilling Project

Lake Petén Itza Drilling Project

Chesapeake Bay Dirilling Project 2005 - 2010
FAR-DEEP Drilling Project

Colorado Plateau Drilling Project

Scientific Drilling in the Barberton Greenstone Belt

COREF Dirilling Project already approved
Songliao Basin Drilling Project

Lake Ohrid Drilling Project

THE FENNOSCANDIA ARCTIC RUSSIA i DRILLING EARLY EARTH PROJECT (FAR-
DEEP)

The FAR-DEEP drilling expedition took place in three different regions of the
Russian part of the Fennoscandian Shield and was a major logistical challenge. It
targeted geological formations 2,500-2,000 Ma-old that recorded most of the global
environmental changes in connection with the so-called Great Oxidation Event. The
project has three major goals:

o Establish a well-characterized, well-dated and well-archived section of rocks for
this time period

e Document the changes in the biosphere and the geosphere associated with the
rise in atmospheric oxygen

e Develop a self-consistent model to explain the genesis and timing of the
establishment of the modern aerobic Earth System

The drilling operations, which were jointly financed by the ICDP, the DFG, the
Geological Survey of Norway, the NSF and the NASA, were conducted between May
and October 2007. Altogether 15 holes were drilled in metasedimentary and
metavolcanic formations with a core recovery of 3,650 m. The holes drilled range in
depth from 92 m to 503 m; in most cases core recovery was close to 100%. To
minimize the risk of core contamination for future biomarker studies, the drilling was
performed with clear water and non-oil based lubricants. Despite the large distances
and the remoteness of the drilling sites in combination with the limited infrastructure
there were no major deviations from the original drilling plan and all geological
objectives have been achieved. The drillholes intersected critical geological formations
that represent a series of global environmental changes associated with the
emergence of an aerobic Earth system. This includes the first global glaciation, the first
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perturbation of the global Carbon Cycle, oxygen rise in the atmosphere, an oxidizing
event in the upper mantle, formation of sizeable seawater sulfate reservoir, generation
of i now petrified i giant petroleum deposits, change in cycling of organic matter, and
the first phosphorites. All cores were transported to the Geological Survey of Norway
(NGU) in Trondheim for curation and archiving. The technical and geological data
gathered during the drilling operations and through the archiving process have been
catalogued using the ICDP Dirilling Information System. The archive process began in
March 2008 and was completed by end of 2008. In spring 2009 an international
sampling campaign took place at the NGU and more than 5500 samples have been
collected from the cores.

FAR-DEEP is distinguished by a very broad international participation. Scientists
from 13 countries have applied for research grants from various funding agencies, an
impressive number of PhD students and Post-docs are involved in the research
program, and 20 students of FAR-DEEP partner institutions participated in the field
campaign.

Appendix | contains a status report of the FAR-DEEP project.

Science Team

Nearly 90 scientists from Russia, Norway, Germany, Finland, Sweden, USA, Canada,
Japan, Belgium, France, United Kingdom, Australia

Mantle Plumes and Large Igneous Provinces

Iceland Deep Drilling Project
Snake River Scientific Drilling Project 200571 2011

Campi Flegrei Caldera Deep Drilling Project already approved

SNAKE RIVER SCIENTIFIC DRILLING PROJECT (HOTSPOT)

Most researchers believe that Yellow Stone 1is
plume beneath continental crust. The Snake River Plain Volcanic Province, which
represents the track of the Yellow Stone plume, consists of basalts that are
compositionally similar to ocean island basalts, and rhyolite caldera complexes that
herald the onset of plume-related volcanism. The Snake River Plain preserves a record
of volcanic activity that spans over 12 Ma and is still active today, thus representing an
example of active intra-continental plume volcanism. Because it is young and
tectonically undisturbed, the complete record of volcanic activity can only be sampled
by drilling.

The central question to be addressed by the HOTSPOT drilling project is: How do
mantle hotspots interact with continental lithosphere, and how does this interaction
affect the geochemical evolution of mantle derived magmas and continental
lithosphere? In order to address this fundamental question, a transect of the continental
margin is planned that begins with lavas erupted through Mesozoic-Paleozoic accreted
terrains of oceanic provenance which lie west of the Cretaceous margin, and continues
through progressively thicker and older lithosphere of Proterozoic to Achaean age. The
rationale is to examine how basalt chemistry varied through time at different locations
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along this transect in response to changes in the thickness, age, and composition of
the underlying mantle lithosphere and the age of the erupted basalt.

The project complements geophysical studies of continental dynamics planned by
EarthScope, as well as current studies centered on Yellow Stone. The plan is to
leverage existing drill core and cuttings from 5 sites to minimize costs and maximize
scientific return. 3 new coreholes have been proposed to complete the transect: a 1.5
km hole in the central plain near Kimama, Idaho, a 1.8 km hole that penetrates the
rhyolites under the basalt to sample sub-rhyolite basalt (near Kimberly, Idaho) and a
0.7 km hole in the Western Snake River Plain that penetrates the upper section of
Pleistocene basalt and Pliocene-Pleistocene lake sediments (near Mountain Home,
Idaho). These holes will complement the DOE-f unded project AThe Sne
Geothermal Drilling Projecti | nnovati ve Approaches to Geotherm
is being carried out in collaboration with this project and shares the same PI. The
HOTSPOT project started in August 2010, and until April 2011 two wells have been
drilled to 1,912 m (Kimama site) and 940 m (Kimberly site). A third hole will be cored in
mixed lake sediment and volcanic strata in summer 2011.

Appendix | contains a status report of the Snake River Plain project.

Science Team
85 scientists from USA, Germany, Italy, France, Canada, Belarus

Natural Resources and Industry-coupled Drilling

FAR-DEEP Project
Iceland Deep Drilling Project 2005 - 2011

Scientific Drilling in the Barberton Greenstone Belt
Campi Flegrei Caldera Deep Drilling Project already approved
Songliao Basin Drilling Project

ICELAND DEEP DRILLING PROJECT

The Il celand Deep Drilling Project (I DDP) <cont
Resources © and il lustrates t {ftaupled drilirgnActaalye this o f i ndu
project is a science-industry-government cooperation in which scientific operations are
piggy-packed upon industry financed geothermal drilling. Partners of this project are
Icelandic geothermal companies (Landsvirkjun, Reykjavik Energy, HitaVieta
Sudurnesja), the Icelandic Government, Alcoa and StatoilHydro, and the ICDP together
with the NSF as science partners of the project.

The main challenge facing the geothermal industry today is to make geothermal
energy more available by improving its economics. One approach to achieve this goal,
which is being taken by IDDP, is to increase the power outputs of geothermal wells
relative to the costs of drilling them. Currently high-temperature geothermal wells
worldwide produce a two-phase mixture of water and steam at temperatures typically in
the range of 200-320 °C. The principle aim of the IDDP is to investigate enhancing the
economics of geothermal resources by utilizing supercritical geothermal fluids.
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Superheated steam produced from a fluid initially in the supercritical state will have a
higher enthalpy than steam produced from an initially two-phased system. Modeling
carried out as part of a feasibility study by IDDP indicates that relative to the output
from conventional geothermal wells 2.5 km deep, a large increase in power output per
well is likely if fluid is produced from a reservoir hotter than 450 °C. In Iceland, this
requires drilling to 3.5 km or deeper. IDDP, therefore, has developed a program with 3
deep wells (O 4 km) and applied at the
studies on power production from Supercritical Geothermal Resources.

The project started the first of the three planned wells at Krafla in northern Iceland in
fall of 2008 and continued until spring 2009 with the goal of testing the geothermal
potential of supercritical fluids at 400-600 °C and to study in-situ magma-fluid
interaction. At 2,100 m depth the drill bit encountered molten rock and needed to be
stopped, to safeguard the well. The project will continue with other planned wells to be
drilled in southern Iceland in the near future. The current plan is that ICDP will then
take over and deepen the well(s), take spot cores for scientific studies, prepare a flow
test and conduct a pilot study for power production. Meanwhile, the ICDP has
developed a new high-temperature coring tool which could be successfully tested in the
Krafla well.

Science Team

About 200 scientists from Iceland, USA, Japan, Canada, Germany, ltaly, France,
Russia, New Zealand
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Quo vADISs, ICDP?

The 2nd Potsdam Conference on Continental Scientific Drilling in 2005 confirmed
the general goals of the ICDP, defined major fields of future research, prioritized
scientific questions and identified potential key locations. However, as the ICDP is
driven by unsolicited proposals its future direction strongly depends on the submission
of excellent proposals, the assessment and project ranking by SAG and EC, and the
availability of comingled funds. This, to a certain extent limits the possibilities to
develop a strategic long-term program plan.

The scientific program of the ICDP in the next 3 to 5 years will be essentially coined
by the recent Full Proposals which have already been approved by the AOG and which
have received an ICDP funding contribution. In addition, it can be expected that some
of the recent and upcoming workshops will result in successful Full Proposals that
eventually lead to future ICDP drilling projects.

Actually, 9 new drilling projects are about to start or will begin within the next 2
years. These projects, which are briefly described below, already cover the entire
rangeof | CDP6s maj or R&D fields.

SCIENTIFIC DRILLING IN THE BARBERTON GREENSTONE BELT

The Barberton Greenstone Belt in South Africa is one of the best-preserved
successions of mid-Archean (3.5-3.2 Ga) supracrustal rocks in the world and thereby
provides a natural laboratory where conditions and processes at the surface of the
Archean Earth can be studied in detail. Despite generally good outcrop, nowhere in the
Barberton Belt are complete field sections preserved, and crucial features such as the
contacts of lava flows and succession of critical sedimentary rock sequences are not
exposed. Therefore, only through coring will it be possible to obtain continuous
sections and relatively unaltered samples through the volcano-sedimentary
successions. Two main targets have been identified:

(1) Sedimentary sequences, which will provide information about erosion and
sedimentation on the early Earth, the composition and temperature of Archean
seawater, and one possible site where life may have emerged and evolved.

(2) Successions of ultramaphic to felsic volcanic rocks which will provide new
insights into volcanic processes, dynamics of the crust and mantle, interaction
between oceanic volcanic crust and the hydrosphere and biosphere.

The project is supported by scientists from 13 countries and by the South African
mineral exploration industry. Based on the results of various planning meetings and an
ICDP workshop it has been decided to drill a series of shallow (100 to 600 m) holes
using a standard rig and conventional technology under the supervision of mineral
exploration companies. The distribution of samples and post-drilling research will be
coordinated by a steering committee comprising representatives of all major
participating countries.

Status: Comingled funding secured. Environmental impact study completed. Permitting
expected in summer 2011.
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COLORADO PLATEAU SCIENTIFIC DRILLING PROJECT

The Triassic Period (~252 to 202 Ma) witnessed the evolutionary appearance of
modern terrestrial biota, the origin in rise to ecological dominance of dinosaurs, and
dramatic climate changes on the continents. The complex of epicontinental basins in
western Pangea, now exposed on the Colorado Plateau, preserves a rich low-
paleolatitude biotic and paleoenvironmental terrestrial record from the Triassic. The
area of the Petrified Forest National Park, Arizona, exposes one of the most famous
and well-studied successions of continental Triassic in the world.

Partial support has been requested from ICDP for the drilling and downhole logging
costs for a continuous ~460 m core through nearly the entire Triassic section at
Petrified Forest National Park. The planned borehole, which will be drilled in summer
2011, will deviate 30° from vertical, providing core-bedding intersections at an
azimuthal guide. The core orientation will be registered to the hole wall and allow
recovery of a high-resolution magnetic polarity stratigraphy for correlation to fossil-rich
outcrop sections. The age-calibrated chronostratigraphy of the expected Petrified
Forest core will address major issues of early Mesozoic biotic and environmental
change and provide answers to critical questions such as: Were marine and continental
biotic turnover events in the late Triassic coupled? Was the largest faunal turnover
event on land during the Late Triassic synchronous to the giant Manicouagan impact?
Do major marine biotic transitions in the Tethyan realm have continental counterparts?

The drilling project will have a significant education and outreach component. As the
Petrified Forest National Park averages 600,000 visitors a year, the Pls are planning to
leverage the educational effect of the project by developing together with the park staff
a permanent exhibit on the Petrified Forest core that shall illustrate concepts behind
understanding deep time and Earth history. The coring campaign itself will be used as
a unigue interpretive opportunity to di

Status: Comingled funding secured. Expected start in summer 2011.

CAMPI FLEGREI CALDERA DEEP DRILLING PROJECT

Large calderas are the most dangerous volcanoes on Earth. They are produced by
collapse during explosive super-eruptions, which are capable of triggering a global
catastrophe second only to that from a giant meteoritic impact. The Campi Flegrei
Caldera (Italy) represents an ideal natural laboratory to fully understand mechanisms of
caldera dynamics and to develop technigues for eruption forecast and effective risk
mitigation. It is an active volcanic area marked by a quasi-circular caldera depression,
formed by huge ignimbrite eruptions. The caldera has recently experienced intense
deformation, originating uplift phenomena of more than 3.5 m in 15 years, with
maximum rates of 1 m/year in the period 1982-1984, which caused the temporary
evacuation of 30,000 people from the center of Pozzuoli.

The choice of Campi Flegrei as target for a deep drilling project is justified by the
evidence, from previous drillings, and recent deformation and seismic observations that
have the phenomena of main volcanological interest considerably shallower with
respect to other well-studied similar calderas (i.e. Long Valley). For this reason the
inference about its substructure, thermal state, magma chamber and geothermal
system will allow a considerable scientific step towards the understanding of the most
peculiar and potentially catastrophic volcanic area of the world.
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Main objectives of the planned drilling project are:

e To determine lithological, structural and rheological transitions in the upper crust

e To determine the temperature and the stress fields in the upper crust

e To develop quantitative models of the magmatic-geothermal system and its
relation to caldera unrest and eruptions.

Status: Funding for pilot hole secured. Drilling will start as soon as Italian authorities
provide final approval.

LAKE OHRID DRILLING PROJECT

Lake Ohrid is a transboundary lake with approximately 2/3 of its surface area
belonging to the former Jugoslav Republic of Macedonia (now Macedonia) and about
1/3 belonging to the Republic of Albania (now Albania). It is 30 km long, 15 km wide,
covers an area of 360 km?, and has a maximum water depth of 286 m. With more than
210 endemic species described, the lake is a unique aquatic ecosystem and a hotspot
of biodiversity. This importance was emphasized, when the lake was declared a
UNESCO World Heritage Site in 1979.

Though the lake is considered to be the oldest, continuously existing lake in Europe,
the age and origin are not completely unrevealed to date. Age estimations vary
between one and ten million years and concentrate around two to five million years,
and both marine and limnic origin is proposed. Extant sedimentary records from Lake
Ohrid cover the last glacial/interglacial cycle and reveal that the lake is a valuable
archive of volcanic ash dispersal and climate change in the Mediterranean region.
High-resolution geophysical studies conducted between 2004 and 2008 demonstrate
well the interplay between sedimentation and active tectonics and impressively prove
the potential of lake Ohrid for an ICDP drilling campaign. The maximal sediment
thickness is ~680 m in the central basin, where unconformities and erosional features
are absent. Thus the complete history of the lake can be likely recorded.

Based on the seismic surveys carried out 5 drill sites were selected. The most
important site is located in the central part of the Lake Ohrid basin at a water depth of
250 m and is expected to provide substantial information to the age and origin of the
lake, a complete record of the environmental history and of tephra deposition, and to
form the basis to link evolutionary changes with geological events.

Main scientific goals of the project are

e To obtain precise information about the age and origin of the lake

e To unravel the seismotectonic history including effects of major earthquakes

e To obtain detailed information on volcanic activities and climate changes in the
central Mediterranean region

e To better understand the impact of major geological/environmental events on
general evolutionary patterns and shaping an extra-ordinary degree of endemic
biodiversity as a matter of global significance

Lead PI: Dr. Bernd Wagner, Universitat Kéln, Germany.
30



icop | spp 1006

£™\

Appendix | contains a status report of the Lake Ohrid project.

Status: Start of first drilling phase on Albanian lake side in 2011. Drilling of main phase
during 2012.

SONGLIAO BASIN DRILLING PROJECT

Knowledge of Cretaceous terrestrial climatic change until today is only fragmentary.
The plan of the already approved drilling project, therefore, is to conduct a drilling
campaign in the Cretaceous Songliao Basin, China, to recover a nearly complete
Cretaceous terrestrial sedimentary record, as determined from basin-filling history.
Study of the core material will provide unique opportunities to understand the response
of terrestrial environment to geological events related to the carbon cycle and
greenhouse climate change during Cretaceous which will contribute to improve our
understanding of modern global warming. The investigations will focus on three time
windows: the Early Cretaceous, Mid-Cretaceous and Late- to End of Cretaceous.

Major scientific objectives are:

e To identify important terrestrial stratigraphic boundaries such as K/T and J/T,
and to establish the marine-terrestrial correlation of stratigraphy in the
Cretaceous

e To learn the reasons for the biotic response to terrestrial environmental change
and deep biosphere, and to explore the possibility of utilizing fossil DNA as a
proxy for environmental change

e To document the local terrestrial response to the Cretaceous oceanic anoxic
events and to understand formation of major terrestrial hydrocarbon source
rocks in the Songliao Basin

e To characterize the Cretaceous magnetic Normal Super-Chron from the
terrestrial record, in order to increase the understanding of the dynamics of the
deep Earth.

The project will be carried out in close cooperation with and significant financial
contribution by the Chinese company Daquing Oilfield. Two scientific coreholes were
already completed in 2006 and 2007 with a total length of ca. 2490 m which completely
cover the Mid- to Upper Cretaceous sequences in the basin. At an ICDP workshop in
Daquing in August 2007 the site of an additional drillhole of about 4.5 km was selected
that will probe the Early Cretaceous successions. By combining the already existing
cores of the two boreholes with the core material from the new borehole, the first nearly
complete Cretaceous terrestrial sedimentary record in the world is being expected.

Status: Industrial co-funding still under negotiation. Start of drilling 2011/early 2012.

GONAF - A DEEP GEOPHYSICAL OBSERVATORY AT THE NORTH ANATOLIAN FAULT

The North Anatolian Fault Zone (NAFZ) is the most active plate-bounding strike-slip
fault in Europe, following an EW trend offshore through the Sea of Marmara within less
than 20 km south of Istanbul. The fault has produced a series of devastating
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earthquakes during the 20th century starting in 1939 in Eastern Anatolia and then
propagating westwards. The most recent M>7 earthquakes occurred in 1999 near Izmit
and Ducze.

The plan of the project is to drill a few shallow (ca. 500 m) boreholes for the
installation of a borehole observatory at the offshore part of the NAFZ. The proposed
GONAF observatory will be deployed on the Princess Islands representing the only
possible onshore monitoring close to the NAFZ and the City of Istanbul.

GONAF is located at the transition between the western end of the 1999 Izmit
rupture and an up to 150km long seismic gap of the NAFZ below the Sea of Marmara.
This segment may have accumulated a 4-5 m slip deficit since the last event in 1766
and is now considered to be close to failure. GONAF is focused on the installation of a
borehole geophysical observatory with the principle aim to monitor micro earthquake
activity prior to an expected large earthquake and close to the seismically active part of
the fault zone at a depth between 4 to 15 km.

Lead PI: Prof. Marco Bohnhoff, GFZ Helmholtz Centre Potsdam, Germany.
Appendix | contains a status report of the GONAF project.

Status: Matching funds secured. Drilling expected from 2012 on.

COREF: CONTINENTAL SCIENTIFIC DRILLING INTO CORAL REEFS

Coral reefs are tropical to subtropical, coastal ecosystems comprising very diverse
organisms. Late Quaternary reef deposits are fossil archives of environmental, tectonic,
and eustatic variations that can be used to reconstruct the paleoclimatic and
paleooceanographic history of the tropical surface oceans. Reefs located at the
latitudinal limits of coral reef ecosystems (i.e. those at coral-reef fronts) are particularly
sensitive to environmental changes, especially those associated with glacial/interglacial
changes in climate and sea level.

The planned and already approved drilling campaign will consist of a series of
shallow coreholes at 14 sites on the Ryukyu Islands, Japan in the northwestern Pacific
Ocean. The geographic, climatic and oceanographic settings of these islands provide
an ideal natural laboratory to address two major questions of general interest:

(1) What is the response of coral-reef ecosystems to Holocene sea-level rise?
(2) What is the response of coral-reef ecosystems to previous high stands of sea
level and associated warm intervals of the Mid-Pleistocene?

Status: Matching of Japanese co-funding still pending. Start in 2012.

THE HOMININ SITES AND PALEOLAKES DRILLING PROJECT (HSPDP)

East Africa has the richest near-continuous hominin fossil records in the world,
going back more than 5 Ma. Paleoclimate records from East African outcrops where
these fossils/artefacts have been recorded are discontinuous and of low stratigraphic
resolution. Surface rocks are frequently broken up and weathered, eliminating reliable

32



icop | spp 1006

£™\

chemical paleoclimate/environmental and biomarker proxies, and near-surface
alteration (oxidation) has reset paleomagnetic signatures.

The HSPDP aims to drill 9 holes at 5 paleo-lake sites within and flanking the
northern sector of the East African Rift Valley, north and south of the Equator (Ethiopia
and Kenya). Drilling will be through semi-consolidated to consolidated sediments with
occasional tuffs. The holes vary in depth from 40 to 50 m and, together, will provide
temporal coverage of paleo-climate history over most of the last 4 Ma. This paleo-
climate history will be correlated with reasonable confidence to nearby archeological
sites characterized by well-studied hominin fossils.

The primary goal of this project is to assemble a series of high-resolution
paeoclimate/paleoenvironmental records in close proximity to key fossil and artifact
sites, through four critical intervals of hominin evolutionary history over the last 4 Ma.

Status: Final AOG and NSF approval still pending. Start in 2012 expected.

In addition to the already approved and ICDP co-financed drilling projects, there are 2
new ICDP Full Drilling Proposals in development that have a very good perspective:

DEEP FAULT DRILLING PROJECT (DFDP), ALPINE FAULT, NEW ZEALAND

The Deep Fault Drilling Project is motivated by a long-standing scientific question:
What are the physical conditions in the mid-crust under which large, active continental
faults evolve and generate earthquakes?

The operational plan is to drill two vertical boreholes in the lower Whataroa Valley:
one situated within 150 m of the Alpine Fault trace, and the second to intersect the fault
at a target depth of 1,500 m and reach a total depth of 1,600 m.

The objectives of the first (150 m) borehole are to:

e Confirm the precise location and dip of the fault plane
e Construct a geophysical observatory for cross-borehole and long-term analysis
e Collect a set of rock cores and wireline logs through the shallow fault zone

The objectives of the second borehole (1,600 m) are to:

Characterize fault zone lithologies and structures

Determine in-situ temperatures, fluid pressures, and stresses
Major balk rock permeability using hydraulic tests

Install a resilient permanent observatory around the fault

Status: Planned start 2012.
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COLLISIONAL OROGENY IN THE SCANDINAVIAN CALEDONIDES DRILLING PROJECT
(COSC)

The COSC project proposes 2 scientific coreholes, both to ca. 2.5 km depth, in the
Swedish Caledonides near the towns of Are and Jarpen. Together these holes will
provide a ca. 5 km deep high-resolution mid-crustal section through this major mid-
Paleozoic orogen.

Principle objectives of this project are to:

Study mountain building and nappe emplacement processes

Calibrate regional geophysical studies with borehole data

Generate basic knowledge about the thermal regime of ancient shield areas
Understand the hydrological-hydrochemical characteristics of the diverse
geological units

e Analyze the extent, functions and diversity of microorganisms as function of
depth

Status: Planned start 2012/2013.
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ACTIVITIES AND ACHIEVEMENTS SINCE 2005
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Chart illustrating, for each country and per year, the number of Pls wittessftl proposals
within ICDRnternational.

Within ICDP-International, a total of 160 research proposals were granted in the
period 2000-2010 to 388 proponents, including 62 proponents from Germany (16%).
The figure above illustrates the break-down, per year, of the country of origin of the Pls
with successful proposals. The yearly success rate of Germany-based scientists varied
between 11% and 21%. Within the last 5 years, the absolute number of successful
proposals of Germany-based scientists doubled from 5 to 10 per year.
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ICDP-International: number and country of origin of Pls with

successful Full Drilling Proposal
per year for the period 2000- 2010
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Chart illustrating, for each country and per year, the number of Pls with successful full drilling
proposals within ICDP-International. Note that no full proposal was granted in 2006.

Within the same period, a total number of 25 full drilling proposals were granted
within ICDP-International (averaging 2 to 4 per year), except for 2006 when none were
successful. In total, 17 Germany-based scientists were involved in the preparation of
these full proposals (17% of all Pls involved). Here, too, their numbers increased
markedly: from 0 to 5 Pls in the period 2000-2005 to between 7 and 10 PlIs in the last 5
years. This clearly demonstrates the value of the national priority program.

ICDP Workshops

Participation of German scientists in ICDP workshops

Year Number of Pls Science team
workshops

2005 2 1 64
2006 7 3 51
2007 6 2 44
2008 9 4 76
2009 6 2 36
2010 5 1 33
Total 35 13 304

In the period 2005 7 2010, 35 international workshops were attended by 317
German scientists (13 Pls and 304 from the respective science teams). 4 Workshops
have already been approved and will take place in the near future. A list of workshop
reports can be found in Appendix I.
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Scientific Drilling in the Nordic Countries Workshop. January 11, 2010, Oslo,
Norway. Interdisciplinary session ID:5 "Continental Scientific Drilling in the Nordic
Countries" during 29th Nordic Geological Winter Meeting in Oslo, Norway. Attended by
25 participants. German participation: 2 scientists.

Postglacial Fault Drilling in Northern Europe. October 5 -7, 2010, Skokloster,
Sweden Attended by 39 participants from 8 countries. German participation: 6
scientists.

Collisional Orogeny in the Scandinavian Caledonides. June 21 i 25, 2010,
Aare, Sweden. Attended by 58 participants from 9 countries. German patrticipation: 6
scientists. Resulted in full proposal to ICDP in 2011.

Barberton Deep Drilling Workshop. April 13- 16, 2010, Badplaas, South Africa.
Attended by 34 participants from 9 countries. German participation: 4 scientists.

Colorado Plateau Drilling Workshop. May 8 1 11, 2009, Albuquerque, New
Mexico, USA. Attended by 38 participants from 8 countries. German participation: 7
scientists. Resulted in full proposal to ICDP in 2010, meanwhile accepted for ICDP co-
funding.

Deep Fault Zone Drilling Project. March 22 i 28, 2009, Franz Joseph, New
Zealand. Attended by 61 participants from 7 countries. German patrticipation: 5
scientists. Resulted in full proposal to ICDP in 2010.

Scientific Drilling for Human Origins. November 17 i 21, 2008, Addis Ababa,
Ethiopia. Attended by 59 participants from 8 countries. German participation: 4
scientists. Resulted in full proposal to ICDP in 2010.

Lake Ohrid Drilling Workshop. October 10 7 13, 2008, Ohrid, Macedonia.
Attended by 32 participants from 11 countries. German participation: 1 Pl and 10
science team. Resulted in full proposal to ICDP in 2009, meanwhile accepted for ICDP
co-funding.

Scientific Drilling in the Sevier Desert. July 15 1 18, 2008, Delta, Utah, USA.
Attended by 53 participants from 6 countries. German participation: 3 scientists.

MOLE Dirilling Workshop. May 5 i 8, 2008, Perugia, Italy. Attended by 62
participants from 8 countries. German participation: 1 PI, 3 science team. Resulted in
planning of re-opening and equipment of existing oil well with Italian resources.

MjdInir Impact Crater Drilling. September 10 1 13, 2007, Longyearbyen, Norway.
Attended by 33 participants from 8 countries. German participation: 5 scientists.
Resulted in full proposal to ICDP in 2010, rejected in the first round of review.

Scientific Drilling of the Cretaceous Songliao Basin. August 28 i 30, 2007,
Dagqing, China. Attended by 70 participants from 8 countries. German participation: 4
scientists. Resulted in full proposal to ICDP in 2009, accepted for co-financing.

On-land Borehole Monitoring of the Nankai Subduction Zone. August 20 -23,
2007, Tokyo, Japan. Attended by 35 participants from 4 countries. German
participation: 1 scientist.
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Drilling the North Anatolian Fault. April 157 15, 2007, Istanbul, Turkey. Attended
by 48 participants from 9 countries. Resulted in full proposal to ICDP in 2010, accepted
for ICDP co-funding.

International Workshop on the COREF Project. January 15 - 19 2007, Okinawa,
Japan. Attended by 20 participants from 7 countries. German participation: 1 PI.
Resulted in full proposal to ICDP in 2009, accepted from ICDP co-funding.

Campi Flegrei Drilling Workshop. November 13 17 15, 2006, Naples, ltaly.
Attended by 70 participants from 9 countries. German participation: 3 scientists.
Resulted in full proposal to ICDP in 2009, accepted for co-financing.

Mutnovsky Scientific Drilling Workshop. September 24 1 29, 2006.
Petropavlovsk-Kamchatky, Russia. Attended by 60 participants from 6 countries.
German participation: 1 scientist.

IODP 1 ICDP Workshop on Chicxulub Drilling. September 10 i 12, 2006,
Potsdam, Germany. Attended by 50 participants from 11 countries. German
participation: 1 PI, 11 science team. Resulted in full proposal to ICDP and IODP in
2011.

PaleoVan i Lake Van Drilling Project. June 27 9, 2006, Van, Turkey. Attended by
40 participants from 12 countries. German participation: 1 Pl, 12 science team.
Resulted in full proposal to ICDP in 2008, accepted in 2008, drilled in 2010.

Scientific Drilling of the Snake River Plain. May 18 i 21, 2006, Twin Falls, Idaho,
USA. Attended by 60 patrticipants from 6 countries. German participation: 6 scientists.
Resulted in full proposal to ICDP in 2008, accepted in 2009, and drilled since 2010.

Laguna Potrok Aike Drilling Workshop. March 16 i 19, 2006, Rio Gallegos,
Argentina. Attended by 52 participants from 11 countries. German participation: 1 PI,
15 science team. Resulted in full proposal to ICDP in 2007, meanwhile accepted and
drilled in fall 2008.

Archaean 1 Proterozoic Transition: Emerging Modern Earth System.
September 25 7 29, 2005, Trondheim, Norway. Attended by 28 participants from 9
countries. German participation: 1 PI, 2 science team. Resulted in full proposal to ICDP
in 2006, accepted in the same year and drilled in 2007.

Thematic Workshops

Thematic workshops were related to topics such as standardization of handling bio-
samples, feasibility and organisation of long term observatories, as well as needs for
tools. They were organized by ICDP and joined by German participants.

Deep Biosphere Workshop. September 27 7 29, 2009, Potsdam, Germany.
Attended by 35 participants from 8 countries. German patrticipation: 1 PI, 17 science
team. Served to prepare the use of the GFZ BugLab in Lake Van drilling, among
others.

Rapid Response Drilling Workshop. November 17 7 19, 2008, Tokyo, Japan.
Attended by 50 participants from 10 countries. German participation: 4 scientists.
Provided crucial input for the Chinese Wenchuan Fault Drilling Program.
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Acquiring high to ultrahigh resolution records of past climate changes.
September 29 i October 1, 2008, Potsdam, Germany. Attended by 68 participants
from 12 countries. German participation: 11 scientists. Provides direction for IODP and
ICDP palaeoclimate projects.

Drilling to decipher long-term sea-level Changes. October 8 i 10, 2007, Salt
Lake City, Utah, USA. Attended by 52 participants from 7 countries. German
participation: 4 scientists.

Fault Zone Drilling Workshop. May 23 1 26, 2006, Miyazaki, Japan. Attended by
80 participants from 14 countries. German participation: 4 scientists. Results of this
thematic meeting provided input e.g. for the North Anatolian and Alpine fault drilling
proposals as well as the IODP Nankai Trough Expeditions.

Technical Workshops

Technical workshops were held to improve planning, scheduling and drilling-related
legislation of granted drilling operations.

Lake El'gygytgyn Workshop 2007. November 2 - 3, 2007, Cologne, Germany.
Attended by 80 participants. German participation: 1 PI, 30 science team.

Lake El'gygytgyn Workshop 2008 1 Operational Planning. August 15 - 16, 2008,
Potsdam, Germany. Attended by 36 participants. German participation: 1 PIl, 16
science team.

HOTSPOT Technical Workshop. September 21 7 23, 2009, Twin Falls, Idaho,
USA. Attended by 15 participants from 4 countries. German participation: 1 scientist.

FAR-DEEP Workshop 2009. Current State/Future Plans. October 30i November
8, 2009, Trondheim, Norway. Attended by 17 participants from 5 countries. German
participation: 1 Pl and 1 science team.

1st ICDP PASADO Microfossil Workshop 2009. July 5 - 10, 2009, Cologne and
Bremen, Germany. Attended by 12 participants. German participation: 1PI, 4 science
team.

SAFOD Mini-Workshop 2008. November 4, 2008, Potsdam, Germany. Attended by
21 participants from 2 countries. German participation: 18 scientists.

FAR-DEEP Workshop 2008. Coordination, research planning and task
divisions. May 29 - 30, 2008, Trondheim, Norway. Attended by 83 participants.
German participation: 1 Pl and 10 science team.

1st German PASADO Postdrilling Workshop. September 8 - 10, 2009, Hellwege,
Germany. Attended by 9 patrticipants, all from Germany (1 PI, 8 scientific team).

Lake El'gygytgyn Workshop 2010. Drilling Results & Analytical Perspectives.
May 21 i 22, 2010, Cologne, Germany. Attended by 46 participants. German
participation: 1 PI, 16 science team.
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EDuUcCATION AND OUTREACH
Education

Since the start of the ICDP, the transfer of knowledge from OSG and from previous to
upcoming projects has been regarded as of crucial importance. Many drilling projects
are so complex and time consuming that scientists often serve only once in their
lifetime on these kinds of long-term efforts. Therefore, the legacy of older projects
should not only be stored in data banks or publications but needs to be conveyed
directly to scientists in follow up drilling projects. This can be done most vividly by those
who have guided previous drilling projects. The ICDP Training Courses, which are held
once in a year, are, therefore, designed in a way, that experienced scientists and
engineers provide lectures and training in their respective fields.

The idea of these courses is, first of all to teach fundamentals about drilling related
techniques and methods, but just as important is to introduce the different languages
and technical terms of scientists and drilling engineers, to minimize communication
problems, which may lead to very cost intensive deficient decisions at the drill site. The
special themes and the appropriate levels of the courses can be suited for each ICDP
project and its science team. Scientists of upcoming drilling projects with similar
scientific and technical objectives are specifically invited to participate in these courses.

The training program is arranged by the OSG usually at the KTB site or at any place
in the world. The ICDP/OSG is interested to integrate an ongoing drilling project into
the program and to hold the courses near a drillsite in close cooperation with the
particular Pls, on-site scientists and engineers. This bridges the gap between the
classroom and practical application in the field and makes the training as realistic as
possible for maximizing the training effect.

2006, October 9-13 (Germany, KTB) with 32 Participants from 8 Countries
2007, November 5-9 (Germany, KTB) with 42 Participants from 15 Countries
2008, October 6-10 (Germany, KTB) with 41 Participants from 12 Countries
2009, May 11-15 (Sweden, Stockholm) with 39 Participants from 4 Countries
2010, April 12-16 (Germany, KTB) with 46 Participants from 15 Countries

For 2011, the training course is scheduled for October 10-14 (Germany, KTB)

Outreach

The journal iSci ent i-lOOPoutr@achieffolt,iismgadbwhileanity oi nt | C
fifth year of existence. It is published twice a year with at least 68 pages content. More
than 6000 copies are distributed for each volume with still growing interest. Scientific
Drilling has been founded by ICDP-OSG and the IODP Management International
office staff to provide jointly a publication base for initial drilling reports from expeditions
and projects. This kind of reports are difficult to publish in high-ranked geoscientific
journals if they comprise technical and drilling-engineering issues in addition to a first
summary of scientific achievements of each project. But this combination of science
and engineering reports is of great importance as legacy for forthcoming projects and is
regarded to deserve direct program support. The long-term goal is to achieve
acceptance as ISl-ranked journal. Therefore, a review board meanwhile has been
established and peer-review procedures are appliedtoallso-c al | ed #fAScienti fic
whereas smaller contributions such as fAWor ksho
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COOPERATION WITH IODP

The Integrated Ocean Drilling Program, IODP and the ICDP are from the beginning
on in close cooperation. The R&D themes of the ICDP as defined in the 2005
Conference overlap to some extent with those of the long-range plan of the IODP as
determined in 2003 in the Initial Science Plan, such as palaeoclimate research, deep
microbiology, large igneous provinces and others. Both programs are accordingly
striving to perform joint actions where appropriate. Since the invention of the so-called
IODP Mission Specific Platform projects, a branch of IODP managed by the European
consortium which rents drilling-platforms of opportunity about once a year for a few
weeks, the proximity of both programs is even closer due to the similar operation
conditions and the need to rent drilling equipment.

The most prominent joint action so far is the New Jersey Shallow Shelf Expedition of
the IODP which investigated the link between eustatic sea level change and sediment
architecture by drilling three core holes into sandy to silty sediments in about 30 m
water depths off New Jersey. The European IODP branch ECORD was in charge of
this operation and financed more than 90% while ICDP contributed 500,000 US$ in
support of this operation upon a full proposal submitted to ICDP in parallel to an IODP
proposal. The reason for the ICDP support was that previous land-based scientific
drillings and older deep-water ODP expeditions were the basis of the new New Jersey
operations.

Further direct cooperation in drilling projects is, for example, possible for the ICDP
project COREF, and in projects such as the proposed Mij6lnir Crater drilling in the
Barents Sea. Combined or strongly related projects are for example the Human Origins
project of ICDP, which is planned to be complemented by IODP operations in the
Indian Ocean.

Outreach goals and measures in IODP and ICDP are very much the same.
Accordingly, both programs have teamed up and communicate their status and goals
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to the science community jointly at major conferences in specific Scientific Sessions,

through Town Hall Meetings and through the meanwhile well-established scientific

journal #AScientific Drillingo. A detailed descrt
Outreach chapter of this document.

Due to similar research goals, ICDP and IODP have also held or are planning to
hold joint workshops such as a workshop in Miyazaki (Japan) on Fault Zone Dirilling,
the Chicxulub Workshop held in Potsdam (Germany) or the High Resolution Climate
Archives workshop in Potsdam. These workshops set the stage for joint ocean-
continent key areas i n cl i mate evolution. I n addition, j
changeo and fAmicrobiologyo dealt with overarct
The ECORD driven MAGELLAN program of the European Science Foundation co-
funded the Mj6Inir and the Campi Flegrei workshops jointly with ICDP

Data management issues are almost identical in both programs and several close
ties have been established. For exampl e, | CDPO6
modified through joint projects for Mission Specific Platform operations of IODP and
lake drilling projects (see sections on OSG support and technological innovation).

The connection between both AEarth Drilling P
Drivers are not only programmatic and common scientific questions but also national
ties which are furthered through joint IODP/ICDP committees and groups e.g., in
Germany, Japan, Sweden, Switzerland and the Netherlands.

EVALUATION RESULTS

The mandate of the Review Committee was to provide a scientific review of program
operations and resulting outcomes since the 2nd Potsdam conference on Continental
Scientific Drilling in 2005 and the subsequent review in November of that year, and to
outline future plans.

The following four main questions serve as Terms of Reference:
A Assessment of the organizational structure and management

A Evaluation of the past performance and assessment of implementation of
previous recommendations

A Impact of the ICDP on the Earth Sciences
A Statement on the Future Priorities and Science Plan

Conclusions and Recommendations

To date, ICDP is a highly successful program, achieving with very modest
investments world class science of global impact. The program has been highly
effective in community-building and is driving integration in modern earth system
science. The program has demonstrated strong scientific leadership and effective
allocation of its limited financial resources over the last 15 years. During this period,
impressive technological innovations have taken place, with the key support of the
OSG hosted by GFZ. The program holds great promise to further attract new member
states, organizations and industrial partners. Specific recommendations related to the
science program include the following:

A Develop a new science plan taking into account the setting of thematic
priorities
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Further foster opening of new scientific fields through continental drilling
Further promote interaction with industry

Continue to build on the global coverage of the program benefitting from the
addition of new members

Grasp opportunities for further partnerships with existing drilling programs,
such as IODP, ANDRILL and ice core drilling

Provide ground-truth data for developing and refining predictive models for
climate change, natural resource assessment and natural hazard mitigation

Specific recommendations related to operation and support:

A

> >y > >

> >

Maintain the strong base provided at GFZ for ICDP and its OSG
Secure a solid financial base for the highly cost-effective OSG
Maintain a high priority for technological innovation

Ensure critical mass of highly-qualified staff in the OSG

Expand the outreach program to include the general public, secondary
schools and policy makers

Continue with the highly-successful training program

Maintain the indispensible facilities and tools for data archiving and
management

Specific recommendations relevant to the organizational structure:

A

A

A

The AOG should take necessary measures to ensure the sustainability of
this highlysuccessful program in the years to come.

The AOG should consider a budget increase based on a revision of
members’ contributions

The AOG should develop and implement transparent procedures for the
selection and appointment of ICDP leadership, in particular the chairs of EC
and SAG

Considering the heavy demand of time and skills required for effective
functioning

of the EC chair, the AOG should consider a division of portfolios, securing
top scientific leadership and program management at the highest
international level.
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Part | 1| : Germanyo6s cont

Germany is rated as category A member of ICDP with a membership fee of 700'000
US$. The German science foundation DFG and the Deutsches
GeoForschungsZentrum Potsdam GFZ cover this amount by 50% each. In Addition
German researches participate and lead ICDP projects supported in the framework of
the Priority Program SPP 1006. The priority programs grant amounts to ca. 2 Mio. Euro
per annum, which makes the program one of the most attractive and successful tools
to support drilling related research. This DFG contribution enables German researchers
to participate as Pl 6s and more i mport
Drill proposals. Wihtout this support post drilling research would be hampered
considerably.

DFG STRUCTURAL PRIORITY PROGRAM SPP 1006

This program was founded originally to support research related to the German
Continental Deep Drill hole KTB and later continued as support of genuine research
associated to the international ICDP Drill campaigns. The program is funded by DFG
and steered by the SPP 1006 coordinators, who are and were involved in serving the
international program in its executive and scientific boards. The Priority Program
encompasses a wide spectrum of fundamental research, technical developments,
natural resources and hazard research as well as climate and environmental research.
The program also bears close relations to industry and applied research by use of new
technologies and innovative devices.

SPP 1006 supports high-quality scientific participation of researchers from Germany
in the International Continental Scientific Drilling Program and over the last granting
period motivated several German researchers to take lead as principal proponent for
international drilling campaigns. Due to the programs support the bases for such large-
scale ventures could be laid by the fact that research for site selection was encouraged
and supported.

SPP 1006 provided support for:

e Development and preparation of scientific drilling projects,

o Pre-site surveys,

o Development and use of groundbreaking drilling devices and logging tools,
e Cutting edge investigations with ICDP drilling data and samples,

e Innovative experiment techniques for long-term measurements.

Successful proponents of SPP 1006 are generally involved in the international science
teams as -PI®S. or co

STATISTICS REGARDING SPP 1006

Funding received

Over the last 5 year period (2006-2011) the annual amount allocated to the Priority
Program was about 2.3 million Euros per year. The total amount was 2.8 Mio, including
contribution to admission fee.
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Proposals supported

During the last granting period a number of projects carried over from the previous
period and since 2005 new proposals were handed in to coordination and DFG.
Generally, some 50 to 60 proposals were submitted yearly, of which 30% were
continuation proposals. On average, 30 proposals were granted. This resulted in 140
accepted and granted proposals during the 2006-2011 period of the Priority Program,
excluding the co-ordination grants. A list of granted proposals is given in Appendix Ill.
Of all submitted proposals, 50 were related to lake and climate research including
geophysical site survey work. Thus, more than half of all proposals covered other
aspects of geosciences. This clearly demonstrates the support of a broad palette of
geoscience topics.

“ 8 % Early life, Deep Bioshere
427 % Tectonics, Faults,
Petrology
37 % Paleoclimate
18 % Rifting, Volcanoes

“ 3% Impacts

8 % Resources, Hydrothemal
energy, Technology

Origin of succesful ICDP proposals per year 2006 to 2011

20 Non-university institutes

B Universities

30 -/
25 -/
20 -+
15 A
10 A
5 -
T T T T T

2006 2007 2008 2009 2010 2011

Number of proposals
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During the period 2006 i 2011, 65% of the proposals granted within ICDP-Germany
originated from universities and 35% from non-university research institutes. These

figures comprise both new proposals (Neuantrdge) and extension proposals
(Fortsetzungsantrage).

ICDP Germany - participating institutes 2006-2011
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The map above shows the participating institutes. The figure clearly show the fact,
that the high degree of universitarian participation is well distributed over the countrys
and its earth science institutions.

The scientific interests as well as the broad network of co-operations is exemplified
in the following table, indicating the international ICDP projects as well as German co-
PI 6s and participants. Projects basw®ahinon Ger me
bold.

Ongoing and completed projects

AQUIFER SANDS T T. Neumann, KIT Karlsruhe
BARBERTON CRADLE OF LIFE T M. Bau, Jacobs Univ. Bremen
BARBERTON GREENSTONE I M. Weber, U. Weckmann,

O. Ritter, GFZ Potsdam
CAMPI FLEGREI i J. Erzinger, GFZ Potsdam
CHESAPEAKE BAY IMPACT T Wolf-Uwe Reimold, HU Berlin
COLORADO PLATEAU DRILLING T G. Bachmann, U Halle
DEAD SEA BASIN T A. Brauer, GFZ Potsdam

DEEP Bl OSHPERE fABUG L ABa& Kallmeyer, UPotsdam
DEEP FAULT DRILLING i A. Kopf, U Bremen, J Erzinger, GFZ,
R. Oberhansli, U Potsdam
H. Strauss, U Munster
| M. Mutti, UP Potsdam
| B. Horsfield, GFZ Potsdam
| G. Dresen, GFZ Potsdam,
S. Shapiro, FU Berlin
| Martin Melles, U Koéln
| B. Wagner, U KéIn
| Thomas Litt, U Bonn
| G. Dresen, GFZ Potsdam
| G. Dresen, M. Bonhoff,
C. Janssen, GFZ Potsdam

DRILLING EARLY EARTH
DRILLING INTO CORAL REEFS
EGER GRABEN

KOYNA

LAKE ELOGYGYTGYN
LAKE OHRID

LAKE VAN

MOLE DRILLING

NORTH ANATOLIAN FAULT

POTROK AIKE I B. Zolitschka, C. Ohlendorf, U Bremen,
F. Schabitz, U Koéln

SAFOD T several working groups

SEVIER DESERT BASIN i G. Dresen, GFZ Potsdam

SNAKE RIVER T F. Holz, U Hannover, D. Dingwell, U

Miinchen

WITWATERSRAND i Georg Dresen, GFZ Potsdam

Planned:

BLUE HOLE i E. Gischler, U Frankfurt

ISSYK KUL T H. Oberhansli, GFZ Potsdam

SEYMOUR ISLAND T L. Viereck-Gotte, U Jena

Joint IODP-ICDP Colloquia 2005 - 2011

Between 2005 and 2011, the yearly DFG report colloquia of the SPP 1006 (DFG
Berichtskolloquium) were attended by 186 to 240 IODP and ICDP scientists who
submitted 104 to 134 abstracts between them. Of these, ICDP members contributed 41
to 54 abstracts.

In the past 3 years, so-called GESEP schools were held for 2 days following the
joint report meeting. This school is organised by GESEP (an initiative of the German
drilling community) and supported by the two priority programmes ICDP and IODP. The
intention is, to transfer know-how related to drilling to young attendants of the report
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colloquium (students, doctorate candidates and young post doctorate researchers).
The topics change yearly and cover scientific, logistic and organisational themes.

Participants ICDP Total
abstracts abstracts

2005 Potsdam 200 44 108
2006 Greifswald 240 41 134
2007 Potsdam 208 41 122
2008 Hannover 204 45 125
2009 Potsdam 208 53 122
2010 Frankfurt am Main 186 51 104
2011 Munster 207 54 141
Total 1453 329 856

Papers Published

During the granting period 215 papers, 4 books, 1 patent and 10 doctorate theses
were reported to the co-ordination office. The latter number is relatively low and may be
due to inconsistent reporting, especially regarding those doctorate students whom
many universities allow for cumulative thesis with published articles. Nevertheless,
considering that 34 proposals are still ongoing and will be completed only by the end of
2011, an average of two publications per project appeared already. (see Appendix 1V)

[o2]
o

Frequency of ICDpublications
w
o

A
o
L

N
o
1

N
o
1

=
o
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Distribution of ISHisted ICDFpublications according to

0-0.5 05-1 1-1.5 1.5-2 2-2.5 2.5-3 3-35 3.5-4 4-45 45-5 5-55 55-6 31.8 352
5-Year impact factor for the period 20910 for earth science journals

Scientific Theme and-§ear impact factors (2002010) of earth science journals

i Natural Resources and Industry
coupled Scientific Drilling
E Impact Structures and Impact

Processes

i Convergent Plate Boundaries
and Collision Zones

H Volcanic Systems, Thermal
Regimes & Hot Spots

H Climate dynamics and Global
Environments

(Thompson Reuters, Journal Citations Report ®)

Distribution of I1SI-listed ICDP-Germany papers published in the period 2005-2010 (grouped and
colour-coded according to scientific theme) against 5-year impact factors of earth science
journals. This excludes publications that are not listed by ISI, such as those published in certain
journals, as book chapters and in special publications. Source of impact factors: Thompson
Reuters, Journal Citations Report®.
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Most ISl-listed (i.e. peer-reviewed) papers were published in journals that have
above average 5-year impact factors of 3 to 5.5, and three appeared in journals with
very high impact factors (> 30, Science and Nature). Many publications also appeared
in special issues with impact factors of 2 to 2.5 (i.e. Journal of Paleolimnology and
Meteoritics and Planetary Science).

Doctoratethesesand Post-doc6s supported

Over the last 5 years the priority program gave a chance to 42 students to prepare
their doctorate thesis. In addition 48 man/years with a post doctorate position 4 years
of technician and 1/2 secretary were granted. Overall the program disposed of a work
capacity of 196 man/years not including faculty and staff from the applying
organisations.

RoOLE OoF COORDINATORS

During the last 5 years the coordinators dealt with ongoing projects and supported
German colleagues promoting new ideas in ICDP. During the last granting period we
were successful with this task: Germany had the lead in 5 new ICDP proposals and 3
new proposals are in evaluation.

They established and provided the communication on national and international
level through organization of meetings and workshops and, by announcing new
international initiatives, as well as by promoting the participation of German scientist in
theses tasks.

Main emphasis has been placed on the closer cooperation and coordination with
IODP. Throughout the granting period joint ICDP/IODP workshops were organized
alternatively but held jointly. While IODP organized the workshops university based,
ICDP organized workshops were generally held at GFZ in Potsdam. Taking up the
attendants wishes ICDP started with university based workshops in 2011 having the
meeting in Minster, where it was organized by the working group of Prof. Strauss and
the co-ordination office at Potsdam University. Besides ranking the posters during
these meetings we also established a way to allow one outstanding young scientist to

attend a meeting by covering travel and
Based on the joint interests and fruitful co-operation amongst the coordinators of
| CDP and | ODP as well as the head of t

Geokommission, Jorn Thiede, and the ICDP OSG office in Potsdam an initiative to
broaden interests for and access to scientific drilling was started.

The co-ordinator is also strongly engaged in the German Scientific Earth Probing
Consortium GESEP. This consortium supports all kinds of drilling operation, drilling
organizations and education related to drilling. We are yearly organizing a GESEP
school joined to the annual ICDP/IODP-colloquium that provides technical information
relevant to drilling and driling proposals. The co-ordinator started a DFG
Rundgesprach regarding core facilities for ICDP. The outcome of this initiative is the
offer of MARUM to store climate relevant cores that must be cooled. Parallel the BGR
agreed to suppla a national core repository in Berlin-Spandau. This new repository is
about to be built.
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ROLE OF PRINCIPAL INVESTIGATORS

The role of t he Pl 6s i s of strategic

organizational and scientific management in the run-up of the science and drilling plan,
the subsequent drilling campaign, and the concluding evaluation. Hence, each drilling
project is largely influenced by the respective PI.

So far German geoscientists took part in nearly every drilling project within all
research themes. In particular, German scientist played a major role within the
research foci Impact Structures and Mass Extinction as well as KTB. For instance
Zolitschka, Litt and Wagner initiated workshops and successfully submitted lake-drilling
proposals. Dresen conceived a subsurface seismic observatory on the North Anatolian
Fault and Kallmeyer planned and constructed the ICDP Bug Lab in co-operation with

the OSG group at GFZ. I n addition to thi

the evaluation process if ICDP.
ADDED VALUE

ICDP provides excellent opportunities for international cooperation in outstanding
scientific endeavors worldwide. The key advantages of such an international program
for German researchers are:

A The scope of scientific themes with access to in-situ process observations
providing opportunities for unprecedented research,

A To gain access on drilling sites of global significance (World Geological
Sites)

A The affordability and cost-effectiveness through cost sharing,

A The attraction of high quality researchers to topics of high national and
international priority,

A The intellectual benefits to all participants arising from international
Cooperation.

In addition to the international benefits, the Priority Program further enables
A The integration and participation of university scientists in ICDP,

A The site survey work and scientific preparation of planned international
projects,

A The networking within the German geoscience community (such as it is
exemplified by the joint colloquiums of ICDP/IODP),

A The strengthening of German research groups and the young scientist,

A The positioning of German researchers into international co-operations, and

A The interdisciplinary research and international contacts.

A Benefit of universities from cooperation with the Helmholtz communities at

GFZ and AWI.
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FUTURE MISSION

There is a clear mission for the future: Efforts concerning new drilling project
schemes with significant German participation or which are initiated by German
scientist should further be encouraged.

Strategic objectives for the next grant continuation application are:

A To bring in young, yet scientific drilling inexperienced German scientists
together, in order to further support the new generation of young
(geo)scientific researchers that established themselves during the last
granting period,

A To further the network between German (geo)scientists from different
research areas and levels of expertise,

A To convey knowledge and know-how into interested countries and vice-

versa,
A To develop new platforms of communication between the different scientific
drilling communities, s u chr ialgl hichge@snew or geé

definitely a first step towards an intensified dialogue,

A To create synergetic effects by organizing workshops which serve as think
tanks.

The Priority Program and the co-operation on international level provide an
organizational and financial basis for the steady and effective participation of top
German geoscientist as well as of high potentials in long-term international drilling
programs.

As for IODP, similar programmatic and funding structure for ICDP would boost
Germany's international leading position in this area. Moreover, the increasing links
and number of concerted projects between the two science drilling communities require
adequate structures on both sides providing a basis for long-term planning.,

ICDP AND IODP

In the past few years the coordinators of the German ICDP and IODP Priority
Programs enhanced the collaboration between the two scientific drilling communities.
They developed common platforms: exchange of panel observers, joint meetings,
plans for joint projects. These initiatives were supported by the Geokommission, and its
wor king group AWissenschaftliches Bohrenbo.

The most important achievements are:
A The Joint National and International Meetings such as the German annual

DFG-sponsored IODP/ICDP Colloquium, and joint IODP/ICDP Sessions at
EGU.

A The harmonization of proposal forms in IODP and ICDP allowing for
submission of the almost the same proposal to both programs.
A Regular joint Town Hall Meetings (e.g. at American Geophysical Union,
European Geophysical Society Meeting in Vienna).
Last but not l east, a new journal for scienti
Drillingd has been published, with a first i SS
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JOIDES Journal of IODP and the previous ICDP Newslette r . nScientific Dril
semiannual journal and represents a collaborative effort between the International

Continental Scientific Drilling Program and the Integrated Ocean Drilling Program with

the purpose of enhancing communication between and ICDP and IODP. The already

existing excellent relations between ICDP and IODP in Germany were pioneering for

the establishment of this journal.

A new highlight of the joint efforts was the founding and installation of GESEP the
German Scientific Earth Probing Consortium. This consortium provides information and
support for young scientists that aim to focus on drilling proposals. It furnished
technical and organizational support regarding drilling proposals. Based on an initiative
of ICDP co-ordination search of possibilities for core repositories were undertaken, and
finally two national drill core repositories were established: one for sedimentary cores
at MARUM Bremen and on for hard rock cores at BGR in Spandau. A joint GESEP
School is annually held after the Priority Program colloquium.
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Part Ill: Outlook

From March 30 to April 1, 2005 the 2nd Potsdam Conference on Continental Drilling
was held at the GeoForschungsZentr-Abecdadmm Pot sda
of Progress and Challenges forthe Futur e 6. Thi s i nternati onal conf
invited experts from 24 countries participated had two main objectives namely:

A To present and summarize the main results obtained during the last eight
years of ICDP Operations, and

A To identify and elaborate, in detail, main themes and key questions for future
drilling activities on land.

The Scientific Program Focused on 8 Major Research Areas:

Climate Dynamics and Global Environments
Impact Structures

Active Faulting and Earthquake Processes

The Geobiosphere

Volcanic Systems and Thermal Regimes

Natural Resources

Hotspot Volcanoes and Large Igneous Provinces
Convergent Plate Boundaries and Collision Zones

D> D> D> >

The conference was complemented by two wor ksh
at which representatives from the industry participated, and the second on the subject
of AEducati on and Qutreacho whi ch wa s organi
representatives with the main aim of compiling the results of scientific drilling for use as
school and training material as well as for presentation to the general public.

The results of this 2nd Potsdam Conference were published in a so-called "White
Paper" in which the key scientific objectives for future drilling and its relevance for
society were outlined according to the research areas listed above. This document is
used as a basis for the funding of drilling activities through the participating partner
organizations. Through the participation of representatives from the Integrated Ocean
Drilling Program IODP mechanisms and measures to increase collaboration between
both large-scale international drilling programs could be agreed on.

A further important aspect of the conference was strengthening of cooperation with
t he i ndustry. The thematea wietslsi ahmhe iDemer s tBi @
microbiological processes at depth was of high interest for the gas and oil industry.
Geothermal energy with the aim of improving the economics of exploiting geothermal
resources was also discussed in detail. A consortium of companies from Iceland has
invited the ICDP to take over the scientific management of the Iceland Geothermal
Drilling Project to investigate supercritical fluids in Iceland.

A recent review of the ICDP program by renowned international referees had its
very positive outcome as stated above. Again evaluation criteria for ICDP were
stressed as follows:

Quality of Science

Need for Drilling

Qualifications of Proponent

Societal Relevance

Budget

Responsiveness to previous recommendations

I I I D >
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Technical Feasibility

Adequacy of Site Characterization
Cost Effectiveness

Project Organization

I I > > D

The scientific rationale and mission statement of ICDP was examined by the Review
Committee. The Committee was impressed by the success in addressing the
objectives laid out in the mission statement and it recognizes that major achievements
have been made in each of the designated research fields. In particular, the Committee
is positively impressed by the successes in Incorporating the Deep Biosphere theme
into the program, which was recommended in the previous review was particularly
welcomed.

GERMAN PARTICIPATION IN UPCOMING AND PLANNED DRILLING PROJECTS

The international ICDP is a dynamically developing research program in which since
the last few years the number of Lead Principal Investigators from Germany is
considerably increasing. In the first years of the ICDP a large number of German
project participations were mainly scientific contributions such as in the Hawaii, San
Andreas Fault, Unzen Volcano projects. Currently however, several new projects or
projects which are in the process of acquiring funding have been initiated by German
scientists who i in addition to their scientific contribution play a lead managerial role.

The ICDP has either approved or already provided funding for drilling projects with
German Lead PI 6S as I|listed bel ow:

DEEP Bl OSHPERE @ Rdingyel, B Batssdam

LAKE OHRID B. Wagner, U KéIn

LAKE VAN Thomas Litt, U Bonn

NORTH ANATOLIAN FAULT G. Dresen, M. Bonhoff, C. Janssen, GFZ Potsdam

POTROK AIKE B. Zolitschka, C. Ohlendorf, U Bremen, F. Schabitz,
U Koln

The following ICDP-funded workshop has successfully been planned and conducted
under the lead of German contribution:

ISSYK KUL H. Oberhansli, GFZ Potsdam
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Conclusions

Great advances have been made in recent years in the conceptual understanding of
the evolution of the Earth's continental crust and Earth's palaeoclimatic evolution.

By far i mportant processes within the
climate evolution and hazardous processes related to geologic processes need to
studied. A better understanding of the processes acting in the Earth's lithosphere and
their interaction with the atmosphere, biosphere, hydrosphere and geosphere is
essential for the management of the Earth's environment and resources. In this regard
the geo-scientific community has become increasingly aware of its responsibilities to
provide decision-makers with this fundamental knowledge.

Among different technical advances in geosciences, scientific drilling is one,
perhaps the most invaluable tool of modern geosciences i most notably because of the
possibility to set up deep natural laboratories in the continental crust for short to long-

Eart hdés

term observations of pr ocess e Drilingrallowhies toEar t hés

verify and to assess models, to calibrate indirect methods of geophysical explorations
and to effect in-situ experiments. The results are of prime importance for assessing
past, present and future developments on Earth and to find an answer to social-
economic questions.

Geoscientific drilling also contributes to the development of prevention strategies,
and sustainable concepts through a deeper understanding of Earth-related questions,
processes and problems. This knowledge is indispensable for the integrated
management strategies for sustainable development. As a result it has become clear
that continental drilling is a critical tool in our understanding of Earth processes and
structure.

German scientist are participating in about 80% of all ICDP initiatives and are

i nvolved with major commitments as Plés in 40

standing international involvement of cooperation deserves further future support. We
therefore, we apply for a continuation of the Priority Program SPP 1006 as a Structural
Program enabling research in the frame of ICDP analogous to the Program supporting
IODP research.

Additionally, as during our last application, we like to urge DFG to find ways in
collaboration with other governmental institutions to set up a drilling fund to support of
German Principal Investigators in ICDP drilling projects.
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Appendix |

German contributions to ICDP projects 20057 2011
(Project highlights in the priority program)

Climate Dynamics and Global Environment

"Global climate change is one of the key concerns of the 21st century, with serious
implications for economies, societies and the environment."

OECD
Geological Context and Scientific Relevance

The discussion of future climate change and its potential impact on environment
and society plays a major role in public opinion. Based on different climate models,
evidence is becoming stronger that most of the global warming that has occurred over
the last 50 years is attributable to human activities, due to anthropogenic greenhouse
gas emissions. This global temperature increase is likely to trigger serious
consequences for humanity, causing a greater frequency and severity of extreme
weather events such as droughts, floods, wildfires, heat waves, cold spells, hurricanes
and landslides.

In order to quantify and qualify anthropogenic effects on the development of the
climate it is pivotal to understand natural climate variability as well as future climate
change. Specific scientific objectives include improved predictions of seasonal to
decadal climate variations; improved detection, attribution, and projections of longer-
term changes in climate; the potential for changes in extreme events on regional to
local scales; and the likelihood of abrupt changes in the climate system such as the
collapse of the ocean thermohaline circulation.

Climate has been observed for several hundreds of years, but meteorological
datasets cover only the past 150 years. This time window is too restricted to derive
certain patterns and periodicities of climate change. Therefore, indirect ("proxy")
climate data stored in climate archives, for example annually laminated lake sediments,
ocean sediments, ice cores, tree rings and corals, is used to extend the climate records
into the past.

Ocean sediments basically mirror conditions in the marine environment and record
long to mid-term climate changes and their impacts on the marine environment and
biosphere in particular. However, records of deep-sea sediments frequently lack
sufficient time resolution in order to record fast climate oscillations.

In contrast, terrestrial and lacustrine sediments record environmental and climate
changes in the natural habitat of mankind. They chronicle the tectonic and volcanic
history of a locally restricted area and are largely suitable for recording variations in the

Earthds magnetic field. Because of i mportant
temporal resolution of geological archives of big and small lakes ranges from several
thousands to several billions of y ear s . To read and to decipher

expertise from every research field such as sedimentology, stratigraphy,
paleolimnology, paleobiology, geochemistry, volcanology, mineralogy and geophysics
is required.
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Drilling Sites: Small Lakes

Among continental paleoclimatic archives, lakes of volcanic origins, such as
caldera lakes, Maar lakes and crater lakes possess one of the highest time resolution
records, and therefore are an_exceptional repository of climate and environmental
changes on a local and regional scale respectively. In addition, these lakes are
characterized by a well-defined age and by a restricted catchment basin. They have a
predominantly closed system and partly contain laminated sediment sequences
(varves), with yearly to seasonal resolution. A period up to about 300,000 years BP has
been recorded.

Drilling Sites: Big Lakes

Big lakes have lesser temporal resolution than small lakes. In exchange, big lakes
document past periods from a few hundred thousand to several million years ago,
providing information about global climate changes, such as the onset of the Ice Age
2.7 million years ago, embracing about fifty glacial stades, as well as documenting
glacial/interglacial climate oscillations. Also, they provide important information about
how global weather phenomena such as the monsoon system or the El Nino Southern
Oscillation Event (ENSO) had or will have an impact on global climate in the past or in
the future. By combining data from lacustrine and deep sea sediment cores, questions
as to how climate changes are related to tectonic events or vice versa and how tectonic
events trigger changes in climate can be addressed.
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Climate dynamics and Global Environment
The Potrok Aike Maar Lake Sediment Archive Drilling Project (PASADO)

Principal Investigator
Zolitschka, B. (Universitat Bremen)

Scientific team (in alphabetic order)

Gebhardt, C. (AWI, Bremerhaven), Haberzettl, T. (Universitat Jena), Llcke, A.
(Forschungszentrum Jalich), Mayr, C. (Universitat Miinchen), Mollenhauer, G. (AWI,
Bremerhaven), Niessen, F. (AWI, Bremerhaven), Ohlendorf, C. (Universitat Bremen),
Schébitz, F. (Universitat Koln), Scheful3, E. (MARUM, Universitat Bremen), Wilke, T.
(Universitat GieRen), Wonik, T. (LIAG, Hannover).

Precipitation controls environmental conditions in southernmost Argentina i
results of the ICDP lake drilling project PASADO

Contribution by C. Ohlendorf and B. Zolitschka (Institute of Geography, University of
Bremen)

In the framework of ICDP expedition 5022 PASADO (Zolitschka et al., 2009), 510
m of lacustrine sediments were recovered from the profundal of Laguna Potrok Aike
(52°S, 70°W; 116 m asl.; diameter: 3.5 km, water depth: 100 m), a maar lake in
southern Patagonia, Argentina (Gebhardt et al., 2011). Quadruplicate and triplicate
cores from two drill sites T sites 1 and 2 are located 750 m apart i reach down to a
maximum depth of 101.5 m below lake floor (blf) with a total core recovery of 94.4%. All
cores were handled following a core processing strategy developed to consider the
needs of a multidisciplinary lake drilling project. For key site 2, a 106.08 m long
composite profile (5022-2CP) was created by splicing of the three cores drilled. After
non-destructive core scanning was accomplished, 5022-2CP was sampled in
consecutive 2 cm steps. 5089 samples with 35,623 sub-samples were retrieved which
are currently analysed by the different involved international research teams. A first
synopsis of scientific results from all research groups was accomplished at the 3rd
International PASADO Workshop held in Montreal (March 21-23, 2011). As a result of
this workshop, a special issue of a peer-reviewed international scientific journal is
currently in preparation. In 20 articles, the paleoenvironmental history of the lake as
well as the paleoclimatic history of southern Patagonia will be elucidated from different
viewpoints taking full advantage of the multiproxy approach.

Several new scientific insights emerged from the analysis of the longest sediment
sequence drilled so far in southernmost Argentina. Contrasting lithologies occur down-
core especially in the Pleistocene part of the record. The uppermost 8.8 m (unit A) are
characterised by carbonaceous laminated silts (Fig. 1a). Between 8.8 and 18.7 m (unit
B) carbonate-poor, sand-layered laminated silts with plant macro remains and
gastropods occur. The lowermost unit C (18.7 to 106.0 m) is characterised by mass
movement deposits intercalated with thinly sand-layered and carbonate-free laminated
silts. The percentage of mass movement deposits increases down-core of unit C from
14% (top) to 100% (base; Fig. 1b). Averaged over 5022-2CP, 52% of the record
consist of re-deposited sediments.
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The chronology was established based on 39 AMS radiocarbon dates that were
determined on aquatic macro remains (mosses) and calibrated. The selected aquatic
mosses came from undisturbed sediment sections (Fig. 1b). Age-depth modelling
yielded a basal age of ca. 51,000 cal BP, which is corroborated by tephrostratigraphy.
A pilot study documents (Gogorza et al., 2011) that paleomagnetic investigations can
be applied to support the time control. Currently, fine-tuning of the age/depth model is
realised using high-resolution measurements of paleomagnetic secular variation and
paleointensity.

Sediment geochemistry reveals that the Weichselian part of the sediment record is
carbonate-free and dominated by clastic input of fluvial and eolian origin with a high
proportion of re-deposition. Although calcite percentages are very low or even below
their detection limit in these sediments (Fig. 1c), XRF Ca-counts show a distinct
variability (Fig. 1d). This probably relates to occurrences of event layers (mass
movements, tephra layers) which point to a highly variable hydrological regime.
Seismic reflection profiles also reflect this highly dynamic paleoclimatic history.
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Fig. 1 Lithology, AMS 14C-dating and selected geochemical parameters of the PASADO composite profile 5022-2CP. a)
Lithology of 5022-2CP. Unit A: carbonaceous, greenish, bluish and brownish grey laminated silts; unit B: carbonate-
poor, sand-layered, brownish and dark grey laminated silts with plant macro remains and gastropods; unit C: thinly

sand-layered, greenish and bluish grey, carbonate-free laminated silts with a down-core increase of intercalated mass
movement deposits. b) Chronology of 5022-2CP based on 39 calibrated AMS 14C-dates on aquatic mosses taken from
undisturbed sediments. Grey bars mark the occurrence of mass movement deposits. c) Inorganic carbon content of bulk
sediment expressed as the percentage of calcite. d) Ca-counts as determined by XRF-scanning with a spatial resolution
of 5 mm using an ITRAX XRF core scanner (COX analytical systems) operated with a Mo X-ray tube.
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Fig. 2: Development of Laguna Potrok Aike. a) During an early stage and after an initial lacustrine period, Laguna Potrok
Aike was completely dry with eolian deflation in its western and dune stacking in its eastern part due to strong westerly
winds. Nearby Laguna Bismarck shown in b) can be used as a modern analogue with sediment blown in east-north-
easterly direction to form a fan-shaped accumulation area outside the maar. c) Later on, Laguna Potrok Aike
experienced a stepwise lake level rise with contemporaneous coarse-grained and delta-type infill from the west, most
likely through the present main inlet. d) Weichselian paleoshorelines visible in the eastern part of the lake are used to
tentatively reconstruct the history of lake level rise during this stage. e) A rapid and massive lake level rise resulted in
deposition of sediments on the lake shoulder. This was followed by a lake level drop down to 33 m below modern lake
level at approximately 8650 cal BP (Haberzettl et al., 2007). A second stepwise lake level rise indicated by 11
paleoshorelines was reported by Anselmetti et al. (2009). f) Upper part: several sub-aerial terraces that are presently
exposed; lower part: seismic image showing the younger paleo-shorelines (Unit I-a) overlying the Weichselian

sediments of Unit I-b (from Anselmetti et al., 2009).
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Dunes were identified in the eastern part of the lake at approximately 80 to 30 m below
lake floor (Fig. 2c) and suggest that the region experienced dry conditions during the
Weichselian, probably combined with strong westerly winds. These dunes are overlain
by a series of paleoshorelines (Figs. 2d) indicating a stepwise water level evolution of
the newly established lake and thus a change towards wetter conditions. After an initial
and rapid stepwise lake level rise, the basin became deeper and wider, and sediments
deposited on the lake shoulder below the Holocene erosional unconformity at
approximately -33 m below lake level point towards a long lake level high stand
between ca. 55 and 30 ka cal BP. The Holocene and Late Glacial lake system was
characterised by authigenic carbonate precipitation with calcite contents of up to 23%
(Fig. 1c), low percentages of re-deposited sediments, and lake level variations between
+21 m and -33 m with respect to the present day lake level (Fig. 2e; Anselmetti et al.,
2009; Haberzettl et al., 2007).

Dryer conditions during the Mid-Holocene are witnessed by a dropping lake level,
resulting in a basin-wide erosional unconformity on the lake shoulder with an unknown
but older than 6700 cal BP age. This is supported by a maximum in calcite percentages
around 8500 cal BP (Fig. 1c). A second stepwise transgression between ~5800 to
5400 and ~4700 to 4000 cal BP with paleo-shorelines deposited on the lake shoulder
unconformity indicates a change towards slightly wetter conditions (Fig. 2f).

The shift between the Holocene/Late Glacial and the Weichselian mode occurs
rather abruptly at 18.8 m blf and corresponds to ca. 15,600 cal BP. At this level, a more
than 1 m thick sediment layer with a fundamentally different geochemical composition
overlays a ca. 1 cm thick tephra layer that originated from an eruption of the Reclus
volcano. We hypothesise that this abrupt shift marks the end of a hydrological open
lake system with permafrost conditions in the catchment area. After this event an
endorheic lake system prevails, characterised by lake level variations driven by
changes in water balance. These variations are recorded in the modern sediments
because they trigger biochemical carbonate precipitation. The present spatial sediment
distribution in the lake basin points towards the Southern Hemispheric Westerlies
(SHW) as the main controlling factor of precipitation, which in turn is responsible for
hydrological variations (Kastner et al., 2010). Ongoing paleobiological calibration
studies using pollen and chironomids support rainfall as the dominating environmental
factor, while temperature variations seem to be negligible. Precipitation is clearly linked
to the SHW. Processes behind the driving forces of this Patagonian climate system will
be enlightened by quantitative climate reconstructions applying transfer functions in
combination with the output of regional climate modelling.
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Climate dynamics and Global Environment
The Lake Van Drilling Project (PaleoVan)

Principal Investigator
Litt, T. (Universitat Bonn)

Scientific Team (in alphabetic order)

Baumgartner, H. (LIAG, Hannover), Conze, R. (ICDP, GFZ, Potsdam), Cukur, D.
(IFM-GEOMAR, Kiel), Glombitza, C. (Universitat Potsdam), Grelle, T. (LIAG,
Hannover), Heumann, G. (Universitdt Bonn), Hunze, S. (LIAG, Hannover), Kallmeyer,
J. (Universitat Potsdam), Kipfer, R. (Universitat Bonn), Krastel, S. (IFM-GEOMAR,
Kiel), Mager, M. (Universitat Bonn), Niessen, F. (AWI, Bremerhaven), Pickarski, N.
(Universitat Bonn), Roeser, P. (Universitat Bonn), Schmincke, H.U. (IFM-GEOMAR,
Kiel), SpieR3, V. (Universitat Bremen), Sturm, M. (Universitat Bonn), Sumita, M. (IFM-
GEOMAR, Kiel), Winkelmann, D. (IFM-GEOMAR, Kiel), Wonik, T. (LIAG, Hannover).

The Lake Van Drilling Project O6Pal eoVanbd

Anatolia
Report of the ICDP drilling operation in 2010 and first results

Contribution by T. Litt (Steinmann Institute of Geology, Mineralogy and Palaeontology,
University of Bonn)

Sedimentary archives host a wealth of information especially for investigating
paleoclimate as well as the tectonic and volcanological history of specific regions. Long
continuous archives are relatively easy to identify in the oceans. Drilling of these
archives has a more than 40 year-long history in the Integrated Ocean Drilling Program
and previous oceanic drilling programs. Suitable continental archives are difficult to
identify due to non-deposition and/or severe erosion on land. Lake-sediments might be
used to overcome this problem if such lakes continuously exist at key locations.

Lake Van in north-eastern Anatolia (Turkey) is situated at such a key position, at
the crossroad of the atmospheric south-western jet stream and the northern branch of
the subtropical high pressure belt. Within the sensitive climate region of north-eastern
Anatolia, it represents a first order continental climate archive between the Black Sea,
the Arabian Sea and the Red Sea. Lake Van is a large terminal lake extending for 130
km WSW-ENE on a high plateau in eastern Anatolia. The annually-laminated
sedimentary record of Lake Van is an excellent palaeoclimate archive. Therefore, Lake
Van is a key site for the investigation of the Quaternary climate evolution in the Near
East (Fig. 1).
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Fig. 1 - Proposed primary drill sites (black circles) based on high resolution seismic data and multidisciplinary scientific
work on cores collected in 2004 (Litt et al. 2009).

Already in 2001, an international team of scientists started to discuss the possibility
to drill the sedimentary archive of Lake Van in the frame of the International Continental
Scientific Drilling Program (ICDP) (Fig. 1). A pre-site-survey at Lake Van was carried
out in 2004 (Litt et al., 2007, 2009). Based on these data and discussions during an
ICDP-funded Paleo-Van Workshop a full proposal was submitted in 2007. The main
objectives of this proposal are

i) Recovery and analysis of a long continental paleo-climate record in a sensitive
semiarid region

i) Investigation of dynamics of lake level fluctuations and hydro-geological
development

i) Study of organic matter content and compaosition (biomarkers)

iv) Analysis of noble gas concentration in pore water of the lake sediment

V) Investigation of temporal, spatial and compositional evolution of volcanism
vi) Estimation of paleo-seismic and earthquake activities.
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