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Results of an ICDP-ESF Meeting on

ICDP membership of European countries
GFZ-Potsdam, Germany, January 11, 2001,

Participants from Austria, Belgium, Czech Republic, Denmark, Finland, France, 

Germany, Great Britain, Greece, Iceland, Ireland, Italy, the Netherlands, Norway, Poland, 

Spain, Sweden and representatives of ESF and ICDP discussed a future participation of 

European countries in the International Continental Scientific Drilling Program, ICDP.

AGENDA:

1. Brief Introduction to GeoForschungsZentrum Potsdam (GFZ), Executive Agency of the 

International Continental Scientific Drilling Program, ICDP.

2. The International Continental Scientific Drilling Program:

> Development and History of the Program

> Program Structure, Boards and Project Proposals

> Introduction to current and forthcoming projects

> Future of the Program in the Earth Science Community

3. Self-Introduction of Participants

4. European Drilling Initiatives (Arctic Drilling, Tenerife, Gulf of Corinth, Crete)

5. Discussion on Participation in ICDP of European Countries

RESULTS of the meeting:

1. All participants of the meeting expressed their interest in the program. Poland is already 

member, Austria is ready to join immediately, the Nordic countries: Norway, Sweden, 

Denmark, Finland and Iceland, as well as Spain, the Netherlands, Ireland, Greece and Italy 

are positive but need confirmation through their national agencies. Great Britain and France 

are still reluctant, because there is uncertainty about the support in the national 

communities and research councils.

2. Previous requests of the European Science Foundation to the National Science Councils of 

the ESF member countries resulted in positive reactions from Austria, Belgium (Flemish 

part), Finland, Nonway and Spain. Therefore, ESF did not form an ICDP-Consortium out of 

these, because the number of countries was at that time to low according to ESF 

regulations.
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3. Several National Agencies such as the ones in Greece, Finland or Ireland would prefer to 

contribute their potential annual membership fee through the ESF or an ESF-Consortium, 

because the funding strategies and pathways to ESF are fixed already. Others like Austria 

and Poland are ready to join (or have joined already) ICDP directly through a contract with 

the GFZ.

4. In order to allow the access to ICDP projects and the submission of proposals for scientists 

from countries that are now ready to join, it was suggested to form in a first step an ICDP 

membership consortium without ESF-support. It is planned to form in a second step an ESF 

consortium after additional European ICDP members and contributions have been 

collected.

5. According to ICDP regulations the contribution of each country is depending on the Gross 

National Product, as for ESF membership. A full membership fee for an European 

consortium with members representing the consortium on all ICDP Boards will be 700000 

US$ (as for all G7 countries). A consortium of smaller European countries could participate 

for an annual contribution of e.g. (depending on the number participants) 350000 US$ with 

negotiable individual national contributions. This participation will allow scientists from the 

respective country the same right to submit proposals and conduct projects as in the 

previous case.

The participants of the meeting are going to contact their Research Councils or 

respective agencies in order to develop an ICDP membership of their country. The 

Scandinavian countries are planning a participation as Nordic Countries; the Czech 

Republic will also contact neighbouring countries.

Post-meeting results are membership negotiations or commitments with Austria, Italy 

and Spain as well as pending decisions in the national research foundations in the 

Netherlands and of the Nordic countries through a council of the Scandinavian 

research agencies.
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A Brief Introduction to
the Chinese Continental Scientific Drilling Project, CCSDP

Establishment of the Project
The Chinese Continental Scientific Drilling ( 
CCSD ) is aimed to investigate the world’s 
largest ultra-high pressure metamorphic 
(UHPM) belt and its exhumation history by 
means of drilling a 5000m deep scientific 
borehole in crystalline rocks in Donghai 
County of eastern China.
The CCSD Project was approved as one of 
China’s major scientific engineering projects 
by China’s State Leading Group for Science 
and Technology in June 1997, and by China 
State Development & Planning Commission 
in September 1999. In addition, this project 
was approved as one of the ICDP Projects 
and is receiving technical and financial 
support from ICDP.

Organizational Structure of the Project
The CCSD Engineering Center were 
founded by China Geological Survey of the 
Ministry of Land & Resources in January 
2000. The Center is responsible for the 
concrete implementation of the project, 
such as for the drill site selection, drilling, 
logging, sampling, field lab testing, data 
management and so on.
The CCSD Engineering Center is under the 
CCSD Leading Group headed by a vice 
minister of the Ministry of Land & 
Resources. The Leading Group is 
responsible for the general management 
and deals with very important matters of 
CCSD Project.
CCSD Engineering Center consists of three 
divisions:
1. Division of Geosciences : Responsible 

for the geoscientific research related to 
the project, operative geology, 
geophysics, field laboratory and data 
management.

2. Division of Engineering: Responsible 
for the management and supervision of

drilling and logging operation of the 
CCSD Pilot Hole and Main Hole and for 
the technical R&D related to the 
project.

3. Administrative Office: Responsible for 
the administrative management of the 
Engineering Center and the routine 
communication with related 
governmental agencies, different 
organizations and institutions including 
ICDP.

Earlier Stage Investigations
Since the 1997 Qingdao Workshop on the 
CCSD Drill-Site Selection, field geological 
and geophysical investigations have being 
conducted in the CCSD target area in 
Maobei, Donghai County, Jiangsu Province 
for the purpose of drawing up a three 
dimensional geological and geophysical 
model of the drill-site area and accurately 
determining the borehole location of the 
CCSD Pilot Hole and Main Hole.
The conducted work includes 1:5000 and 
1:10000 scale geological mapping, 
reflection seismic exploration, gravitational 
and magnetic method of exploration. In 
addition, a 1028m deep continuously cored 
borehole (PP2) was drilled using wireline 
coring technology. In this hole, 
temperatures at different depth and thermal 
conductivity of the cores from the hole were 
measured, and the formation thermal 
gradient was calculated to a depth of 
1000m and extrapolated to a depth of 
5000m. Geophysical logging and VSP were 
also conducted in the hole.
According to the results of the 
comprehensive research and investigations, 
the precise coordinates of the CCSD Pilot 
Hole and Main Hole have been determined. 
Further geological and geophysical 
research including the research on cores
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from PP2 and the neighboring boreholes 
and the analysis of geophysical data is just 
under way.

Technical Preparations
To test the hydro-hammer drilling 
technology to be used in the future CCSD 
Pilot Hole and Main Hole drilling, a 100m 
deep test hole with an end diameter of 6- 
in(152mm) was drilled, about 10 meters 
away from CCSD-PP2, using two kinds of 
hydro-hammer systems and tri-cone bits. 
Good results were obtained. The rate of 
penetration is expected to be increased 
obviously by introducing hydro-hammer 
drilling technology.
To resolve the technical problems which 
may be encountered while conducting deep 
drilling, a R&D program is being conducted. 
The research efforts are concentrated on 
diamond core bits, drilling fluids, hydro
hammers, directional drilling tools, coring 
systems and so on.
By now the feasibility study and engineering 
design of the project have been finished. 
The construction of the infrastructure ( 
buildings, roads, power and water supply 
facilities etc.) in the borehole location has 
already been started.
Through public bidding, the drilling and 
logging contractors have been selected out

for conducting drilling and logging of the 
project.

International Cooperation
Geoforschungszentrum ( on behalf of ICDP 
) and CCSD Engineering Center have 
signed the Memorandum of Understanding 
on an Joint Research Venture for CCSD 
Project. In February 2001, ICDP-OSG 
experts visited Beijing and discussed with 
the members of CCSD Engineering Center 
the detailed technical plan of CCSD Project 
and the mutual cooperation in future.
In addition, a number of cooperation 
agreements have been reached between 
the CCSD Engineering Center and the 
international Co-PIs of the project.

Time-table of the Project
The drilling of the CCSD Pilot Hole will be 
started at early July of 2001. An opening 
ceremony will be held and many guests 
from the country and abroad will be invited 
to the ceremony.
It will take about 8 months to drill the 2000m 
deep Pilot Hole. After completing the Pilot 
Hole, three to six months will be needed for 
logging and VSP measurement and the drill 
rig mobilization before the drilling operation 
of the Main Hole will be started.

CCSD Engineering Center, Beijing, China



Technical Concepts of the Chinese Continental 
Scientific Drilling Project

Introduction
China as a member country of 
International Continental Scientific 
Drilling Program(ICDP) is now making 
preparation for implementing a 
scientific deep drilling program in 
Donghai County of eastern China. A 
5000m deep scientific borehole is 
planed to be drilled in crystalline rock 
formation, to investigate the world’s 
largest ultra-high pressure 
metamorphic (UHPM) belt and 
reconstruct exhumation history of 
UHPM rocks. Drilling operation is a 
very important part of the program. It 
will affect, to a very large extent, the 
success and economics of the 
program. The drilling conditions of 
Donghai scientific drilling project are 
different from those of both petroleum 
drilling and geo-drilling, so that special 
drilling technologies are needed. 1

1. General Criteria for Drawing up 
Technical Plan
The drilling of a 5000 m deep core
hole in crystalline rock means a strong 
challenge to the drilling industry. The 
general criteria for drawing up the 
technical plan is to optimize the 
economics of drilling operation under 
the prerequisite of meeting the 
requirements of geoscientific research 
and of being technically feasible. 
Following three principles should be 
followed to reach these goals:
• Using as much of the existing 

drilling technologies as possible 
and conducting R&D projects if 
necessary indeed;

• Mainly using drilling equipment, 
tools and instruments available on 
the domestic market whereas

considering importing a few key 
parts that are not available at 
present in China;

• Combining the technical 
capabilities of geo-drilling and 
petroleum drilling to resolve the 
technical problems that can be 
encountered while conducting 
continuous coring in a deep 
borehole and hard rock formation.

Fig. 1 Double hole drilling concept of 
CCSD

2 Basic Borehole Parameters 
Needed for Drawing up Technical 
Plan
2.1 Borehole Depth
The first borehole of China Continental 
Scientific Drilling (CCSD) will be 
located in Donghai County of eastern 
China, with the main aim of 
investigating the world's largest UHPM 
belt. According to the results of
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preliminary geological and geophysical 
investigations, the maximum borehole 
depth should be 5000 m.

2.2 Borehole Diameter
Borehole diameter is a very important 
parameter in the technical plan of 
drilling and will affect technical 
concepts of drilling and logging, 
scientific yield and economics of the 
entire program, so that it should only 
be determined after all the factors 
have been carefully considered.
If we only consider lowering operation 
cost, the borehole diameter should be 
as small as possible. But the borehole 
diameter should be large enough to 
enable the successful implementation 
of a logging program, because logging 
is one of the most important means of 
obtaining geoscientific information. 
According to the currant status of 
logging technique, for the logging in a 
5000 m deep borehole, the end- 
diameter of the borehole should not be 
less than 6 in (152 mm), in order that 
the sondes of different logging 
methods can be lowered into the same 
borehole.
For the above motioned reason, the 
designed end-diameter of both the 
pilot hole and the main hole is 61/8 in 
(156 mm).

2.3 Percentage of Core Drilling
To meet the requirements of 
geoscientific research, continuous 
coring is considered, namely the 
percentage of core drilling is 100%. 
But if we can’t reach the planed total 
depth (5000m) using wireline coring 
system, it is also possible that spot 
coring will be conducted in the lower 
part of the main hole, to make the 
drilling operation economically 
feasible.

2.4 Formation Conditions
Crystalline rocks with high hardness, 
strength and abrasiveness, such as 
gneiss, quartzite, eclogite and so on, 
are expected to be encountered in 
Donghai area. According to the 
predication made by analyzing 
geothermal data from the shallow 
borehole, at the depth of 5000m, the 
highest temperature will be lower than 
1500.

3 Double hole drilling concept
A double hole drilling concept (Fig. 1) 
is planed to be adopted. Prior to the 
drilling of the 5000m scientific 
borehole, a shallower core-hole with a 
depth of 2000-2500m will be drilled. 
The shallower hole is called pilot hole 
and the deeper one main hole. 
According to the experience of KTB 
Program and the result of feasibility 
study conducted in China, the risk of 
drilling operation can be minimized, if 
such a double hole drilling concept is 
implemented. The pilot hole will serve 
the following purposes:
• Making large diameter non-core 

drilling in the upper part of the 
main hole possible, to save the 
total operation cost of the program 
and minimize the risk of the 
operation. Higher rate of 
penetration and less borehole 
deviation are expected to be 
achieved by using hydro-hammer 
drilling technology in this borehole 
section;

• Obtaining underground information 
on temperature gradient, rock 
mechanical properties and problem 
zones, needed for the precise 
design of the main hole’s technical 
plan;
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• Testing drilling tools and materials 
to be used in the main hole;

• Providing basis for the future 
hydraulic and geophysical tests 
between the boreholes.

4 Casing and Drilling Sequence 
Program
The drilling operation can be divided 
into at least three stages. The work to 
be done and the drilling technologies 
adopted in each operation stage is 
described as follows:
The first stage: About 100 m away 
from the planed main hole, a 
continuously cored pilot hole with an 
end-diameter of 156 mm and a 
borehole depth of 2000-2500 m will be 
drilled using diamond wireline coring 
technology.
The second stage: After passing 
unstable overburden formation and 
installing a 133/8 in conductor pipe, the 
main hole is drilled to the total depth of 
the pilot hole using a 121/4 in non-core 
hydro-hammer drilling system. After 
that a 103/4 in casing string will be 
installed and cemented.
The third stage: Core drilling will be 
conducted in a 73/4-in recoverable 
casing using a 61/8 in diamond wireline 
coring system. The drilling will be 
continued until 5000m, the planed total 
depth of the main hole, is reached.
If unstable formation is encountered 
between 2000 m and 5000 m, we can 
at first retrieve the 73/4-in movabl 
casing string, and then enlarge the 
borehole using a 91/2 in reaming bit. 
After passing the unstable section, the 
73/4 in casing string will be once again 
installed to a depth of 3000 - 3500 m 
and then cemented. 5

5.1 Hybridized Drilling Technology
Special drilling technologies are 
needed for the deep core drilling in 
very hard crystalline rock formation. 
According to the technical level and 
current status of the drilling techniques 
in the world, a hybridized drilling 
technology (petroleum driiling/geo- 
drilling) should be adopted for the 
drilling under such hostile drilling 
conditions. This technology is 
characterized by installing a high 
rotary speed top-drive system and a 
diamond wireline coring system onto a 
petroleum rotary rig. It has been 
proven in praxis to be the most cost- 
effective method for continuous coring 
in deep and hard formation, and will be 
used for the drilling of both the pilot 
hole and the Project, main hole of 
Donghai Scientific Drilling

5.2 Drill Rig
For the drilling of the 5000 m deep 
scientific borehole, a petroleum rotary 
rig with a rated depth capacity not less 
than 6000 m is needed. The rig should 
be modified to meet the special 
requirements of diamond wireline 
coring. Following systems should be 
added onto the rig:

5. Drilling Techniques
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Fig. 2 Drill rig ZJ-70D to be used for 
CCSD Project

• A high speed electric (or hydraulic) 
top-drive system;

• A wireline coring winch;
• A mud pump suitable for diamond 

wireline coring;
• A high accuracy automatic feeding 

system;
• A modern drilling instrumentation 

system.
Through public bidding, a Chinese 
drilling contractor with an electric 
driven drill rig named ZJ-70D ( drilling 
depth capacity 7000m ) has been 
selected out for conducting drilling 
operation of the project.

5.3 Wire-line Coring Drill String
Drill String is the key element of the 
whole drilling system, especially for 
wireline coring in a borehole as deep 
as 5000m. For coring in 61/8-in 
borehole, a 51/2 in(140 mm) steel 
wireline coring drill string to be 
provided by a German company 
named MICON will be used.

& R
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Fig. 3 Wireline coring system

5.4 Downhole Coring Systems
To improve core drilling performance, 
combined downhole coring systems 
should be used. These systems, such 
as the retrievable hydro-hammer 
system, the downhole-
motor/retractable bit combination 
system, incorporate some advanced 
downhole drilling mechanisms into the 
basic wireline coring system. They 
have very bright prospective for coring 
in deep and hard formation. But further 
R&D work should be done to increase 
their reliability and effectiveness for 
working under hostile borehole 
conditions.

5.5 Core Bit
Mainly impregnated diamond core bits 
are to be used for the drilling operation 
of the project. For coring in deep and 
hard formation, the improvement of the 
diamond core bit should be 
concentrated on increasing rate of 
penetration under the prerequisite of 
having enough long bit life. Special 
concern should be given to the gauge 
protection of the bit against the rapid 
wear because of the hard and 
abrasive rock formations.

5.6 Hydro-Hammer Drilling
Hydro-hammer drilling is a proven and 
efficient drilling method, especially for 
drilling in hard rock formation. Using 
this method we can increase drilling 
efficiency, bit life and round-trip 
footage and reduce core blockage and 
borehole deviation. This method has 
been widely used in China not only for 
geological mineral exploration, but 
also for water well and foundation 
drilling.
According to our plan, the upper part 
of the main hole will be drilled using a
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large diameter(121/4 in ) non-core 
hydro-hammer drilling system. For the 
core drilling in the lower part of the 
main hole and in the pilot hole, a 61/8 in 
retrievable hydro-hammer core drilling 
system will be used.

5.7 Drilling Fluid System
A low solid drilling fluid system named 
IBM drilling fluid system is expected to 
be used for the drilling of the scientific 
boreholes. This system was 
developed, to overcome the problem 
of mud cake formation on the internal 
surface of wireline coring drill string, 
which results in the difficulty of trip-out 
and trip-in of the inner core barrel 
system. It is a high disperse drilling 
fluid system with strong cutting-carry 
capability and a thermo-stability of 
160Dand is characterized by its low 
viscosity and low water loss. It has 
been proven in numerous applications 
to be a most suitable drilling fluid 
system for wireline core drilling. As an 
alternative, another kind of water- 
based polymer drilling fluid system is 
being evaluated in the lab.

5.8 Vertical Drilling

According to the experience of drilling 
operation of CCSD PP2, borehole 

deviation may be a serious technical 
problem. To overcome this problem, 
different solutions including hydro
hammer drilling and active vertical 
drilling have been considered.

6. Technical Feasibility
The Drilling of a 5000 m deep core
hole in crystalline rock formation is 
technically feasible. “Double hole 
drilling concept” and “hybridized 
drilling technology” constitute the core 
of the technical plan. Except for a few 
key parts of drilling systems that are 
not available on the Chinese market at 
present and should be introduced from 
foreign countries, the most parts of 
drilling systems including drill rig, most 
of drilling tools, materials and 
instruments can be provided by 
domestic manufacturers, suppliers and 
research institutions. But because of 
the extreme drilling conditions of such 
a project, a lot of R&D efforts should 
be made to improve the reliability and 
effectiveness of the existing drilling 
systems.

Wang Da and Zhang Wei, CCSD Engineering Center, Beijing, China
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The Chicxulub Scientific Drilling Project
Outline of a revised proposal

PROJECT SUMMARY

The birth of the Chicxulub 
multiring impact basin approximately 65 
million years ago represents one of the 
most dramatic events in Earth's history 
since the onset of the Phanerozoic. 
Because Chicxulub is relatively young 
and because it formed in an area of 
active deposition, its interior morphology 
has been shielded from the effects of 
erosion and tectonics. Study of this 
basin, therefore, offers us a unique 
opportunity to gather new and important 
constraints on the nature of such large 
multiring impact basins and how their 
formation affects geological and 
biological evolution. We propose to drill a 
2.5 km deep core hole into the southern 
part of the crater, located approximately 
60-70 km radius from the basin center 
and between Pemex drill holes Ticul 1 
and Y6. The primary coring goal of CSDP 
is to recover a complete sequence of 
impact-generated rocks overlying the 
downfaulted Mesozoic target rocks from 
within the crater. This would provide the 
first complete section through the 
sequence of melt-rocks and breccias at 
any large (>50 km) impact crater. 
Scientific evaluation of these core 
samples as well as complementary 
studies will help to:(1) test the link 
between the Chicxulub crater and the 
global K/T boundary layer and to unravel 
Chicxulub's role in the K/T boundary 
mass extinction event, and (2) to study 
the Chicxulub cratering event, as an 
unique example of the formation of a 
large impact crater on Earth, with

important implications for large-scale 
cratering processes and ejecta 
distribution on Earth and other planetary 
bodies. Another important goal is to 
recover a continuous section through the 
Tertiary cover rocks above the 
impactites, from which information about 
post-impact faunal recovery and long
term modification of the crater can be 
gleaned. Finally, we hope to penetrate 
into the upper part of the disturbed 
Cretaceous platform rocks below, in 
order to provide additional constraints on 
target-rock compositions and deformation 
styles characteristic of the regions 
flanking the collapsed central excavation 
cavity of the impact basin.

The administration of the project 
is defined by a joint research venture 
between UNAM on behalf of the Pi's and 
GFZ-Potsdam on behalf of ICDP. 
Responsibility for the scientific success of 
the project lies with six Pi's: J. Urrutia- 
Fucugauchi (UNAM, Mexico); D. Moran- 
Zenteno (UNAM, Mexico); V.L. Sharpton 
(University of Alaska, U.S.A.); R. Buffler 
(University of Texas, U.S.A.); D. Stoffler 
(Humboldt-Universitat zu Berlin, 
Germany) and J. Smit (Vrije Universiteit, 
The Netherlands). They will be assisted 
by a science team consisting of 
approximately 70 scientists from around 
the world. This team will study the 
samples collected, as well as conduct 
experiments and do field work both at the 
borehole and in surrounding regions. 
Based on the research proposals 
submitted by the science team, the 
science has been grouped into six
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working areas, each with an assigned 
team leader: 1) Geophysics (J. Morgan, 
Imperial College, U.K.); 2) Regional 
geology, stratigraphy, and field geology 
(P. Claeys, University of Bruxelles, 
Belgium); 3)Paleontology and 
sedimentology (F. Vega Vera, UNAM, 
Mexico), 4) Structural geology and 
numerical modeling of crater formation 
and environmental effects (B. Ivanov, 
Russian Academy, Moscow); 5) 
Petrography, mineralogy and 
geochemistry of impact related rocks (C. 
Koeberl (University of Vienna, Austria)/U. 
Reimold (University of Witwatersrand, 
South Africa); and 6) Isotope 
geochemistry and age-dating (P. Layer, 
Univ. of Alaska, USA).

It is anticipated that the hole will 
be drilled during Fall of 2001. A drilling 
contractor in Mexico has been retained 
for the actual drilling and site preparation, 
and several options for top-drive core 
recovery systems are being considered 
with core diameters of 8-10 cm. The hole 
will be continuously cored beginning at 
approximately 400 m depth. Standard 
wireline logging will be carried out by 
GFZ-Potsdam. Cores will be housed for 
study and archiving at UNAM, Mexico 
City. The estimated cost of the drilling is 
approximately $1.5 million (US). Prior to 
the drilling a workshop will be organized 
in Mexico City to orient all interested 
parties in the drilling operations, plus core 
handling and core descriptions.

scientific Objectives of deep drilling at 
chicxulub

Underlying issues
Steps taken to understand the 

Chicxulub basin since the Jalisco

meeting in 1993 (see Section 2.), have 
heightened interest in and sharpened the 
focus of a deeper drilling program inside 
the basin. A continuous section of the 
impact-generated rock sequence and 
samples of the underlying, downfaulted 
Mesozoic platform rocks will provide 
considerably better controls than are 
presently available over the original 
target lithologies and how those rocks 
were brecciated, shocked, mixed and 
emplaced on the crater floor as a 
consequence of the Chicxulub basin
forming event. Gathering a complete 
section through the impact sequence is 
essential because excavation and ejecta 
deposition result in a vertically, as well 
as, radially stratified impact sequence: 
Weakly shocked rocks from the upper 
flanks of the excavation cavity are 
exhumed and deposited first followed 
progressively by the deeper and more 
heavily shocked materials. A 
characteristically abrupt boundary 
separates the lower unit of weakly 
shocked (‘Bunte Breccia’ equivalent; 
[Hdrz et al., 1983]) and the overlying, 
highly shocked ‘suevite’. The exact 
sequence and its specific characteristics 
(bearing on the nature of excavation and 
ejecta emplacement) for such a large 
crater as Chicxulub remains unknown. It 
is a fundamental goal of this project to 
recover the samples necessary to 
address this issue.

To evaluate these characteristics, 
the drilling must take place over a portion 
of the basin that is outside the central 
zone of intense deformation, excavation, 
and deep structural uplift associated with 
the so-called transient crater. Although 
we have developed a strategy that will 
maximize the diversity, quality, and the
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quantity of science returned from this 
project, a single drill hole into the 
Chicxulub crater will not address all the 
outstanding problems of Chicxulub's 
formation. Given that limitation, we 
believe that issues that contribute to a 
better understanding of the nature of the 
breccia and melt rock units within 
Chicxulub, particularly those that shed 
new light on large body impact and how it 
could induce environmental change, take 
precedence over those of melt rock 
formation and evolution, central uplift, 
and the nature of deep crustal materials 
in Northern Yucatan. Consequently, 
such topics must await future 
opportunities for deeper and, quite 
frankly, much more costly drilling. We 
can only hope that the enhanced 
knowledge of the Chicxulub crater arising 
from this project will serve to mobilize 
support for such a project in the years to 
come.

The cores recovered from this 
project would represent the first 
continuous section through the allogenic 
impact deposits within the Chicxulub 
basin, or for that matter, within any 
impact crater greater than -100 km in 
diameter. In addition to the principal
goals summarized above, these samples 
provide a valuable record of the long
term evolution of the Yucatan structural 
block. Within the impact breccias are 
clasts of deep basement materials 
recording Pan-African deformation styles 
and crustal characteristics. Furthermore, 
the Mesozoic through Cenozoic platform 
sequence provides an almost
uninterrupted lithological, biostrati- 
graphic, and paleoenvironmental record 
of the evolution of this platform
sequence. After cores are extracted

during the drilling phase, downhole 
techniques will measure geophysical and 
rock properties to tie this hole into the 
stratigraphic framework from existing 
Pemex wells.

A Proposed 2.0 - 2.5 km Section 
through Chicxulub

In order to address substantial 
issues related to the formation of the 
Chicxulub crater and how it initiated a 
global environmental crisis as detailed in 
the previous section, we are proposing 
for a continuously-cored drill hole to a 
depth of 2.0-2.5 km to be located on the 
southern side of the Chicxulub impact 
basin between 60 and 70 km from the 
crater center. This corresponds to a 
locality that is between the existing 
Pemex bore holes Ticul-1 and Yucatan-6 
(See Figures 1,7 and 8), which provide 
some important local controls over 
stratigraphy and lithology. The proposed 
drilling site is clearly inside a zone which 
is marked by the ‘Cenote Ring’.

Existing drill-core and seismic data 
provide some insights into the lithological 
units the drilling would encounter and 
recover (Table 3). Major uncertainties in 
these predictions clearly exist, however, 
and the fundamental goals of this project 
are to test and refine this basic 
stratigraphic model.

The Significance of this Effort

What we will have? Upon the 
completion of CSDP we will have the 
following unique products available for 
scientific analysis (See Table 3):
> A complete lithological record of post

impact Cenozoic sedimentation.
> A complete section through the
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impact sequence, which from existing 
well logs and shallow drill coring in 
this region, is known to contain 
silicate-rich clast-laden impact melt 
rocks, suevite, and polymict lithic 
breccias. Within this assemblage are 
clasts of deep Paleozoic basement 
and clasts of Mesozoic platform 
rocks.

> The upper parts of the down faulted 
Mesozoic section that comprises the 
terrace zone or, by analogy with 
smaller terrestrial craters such as 
Ries and Haughton, the 'megablock 
zone'.

What we can learn? These cores 
provide an unprecedented record of the 
extended evolution of this region,

punctuated dramatically 65 million years 
ago with the formation of the Chicxulub 
impact basin. Although our goals are 
specifically to gather new information on 
the impact rock sequence relevant to 
understanding the impact process and 
gauging its destructiveness, we realize 
the cores can and should be used to 
approach a diverse suite of other science 
objectives. To expand the science 
gained from these cores in ways we 
cannot predict, we have developed a 
science management plan that is open 
and encourages the participation of 
outside investigators with skills, 
objectives, and approaches that are 
complementary to our own . Details of 
this plan are presented in a subsequent 
section.

Table 3: Predicted Lithologies Recovered from the 2-3 km Drill Hole in the Chicxulub Basin

Depth (km) Unit Constraints, Uncertainties

Surface to 800 
(□ 300) m

Cenozoic Carbonates Constraints: Surface mapping indicates Eocene carbonates. Ticul-1 
(97 km from center) crossed basal Cenozoic at depth of -550 m; 
Yucatan-6 crossed basal Cenozoic at -1000 m; U5 (110 km out) 
recovered clast-rich impact melt rock, suevite: U7 (125 km out) 
recovered suevite, bunte breccia. Projection of BIRPS seismic lines.

Uncertainties: Wells to south of crater could be affected by Ticul fault 
and/or from some unknown feature (i.e., sediment filled rift?) that is 
producing the south-trending gravity low in this region.

800 to 2100

(□ 300)m

Impact Units (clast-rich 
impact, suevitic breccia, 
polymict breccia, melt rock, 
brecciated megablocks)

Constraints: Yucatan-6 penetrated several hundred meters of suevite 
and melt rock. Minimum thickness of breccia deposits constrained by 
U5, U7. Projection of BIRPS seismic lines.

Uncertainties: As above.

2100-TD Mesozoic Platform units, 
possible disturbed,
downfaulted.

Constraints: Pemex deep wells on flanks of basin. Projection of BIRPS 
seismic lines.

Uncertainties: As above.

Principal Investigators:
Jaime Urrutia Fucugauchi
Institute de Geofisica
Universidad Nacional Autonoma de Mexico
Dante Moran Zenteno
Institute de Geologia
Universidad Nacional Autonoma de Mexico
Virgil L. Sharpton
Department of Geology and Geophysics 
University of Alaska

Richard Huffier
Institute for Geophysics 
University of Texas
Dieter Stoffler
Institut fur Mineralogie, Museum fur Naturkunde, 
Humboldt-Universitat zu Berlin
Jan Smit
Department of Sedimentology 
Vrije Universiteit Amsterdam
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Aeromagnetic Survey of the Chicxulub Crater as Part of 
the Drilling Site Assessment Studies

Figure 1. Aeromagnetic of the Chicxulub Crater. Line A-A’ section is shown in Fig. 3; North Yucatan 
coast line shown in yellow.
Reinterpretation of available geophysical 
data and acquisition of new data are 
providing important constraints for the 
Chicxulub Scientific Drilling Project 
(CSDP). The potential field anomaly data 
played an important role in the early oil 
exploration and the recognition of the 
crater (Penfield and Camargo, 1981). 
Analyses of gravity and magnetic data 
have been used in the estimation of the 
size and characteristics of the structure 
(e.g. Sharpton et al., 1993; Pilkington et 
al., 1984). Reinterpretation of the 
aeromagnetic anomaly of the Chicxulub 
Crater has been here performed in order 
to assess the drilling site characteristics,

probable depth to impact lithologies and 
nature. The aeromagnetic anomaly (Fig. 
1) shows a positive anomaly, ~20 km 
radius, within the center, surrounded by a 
ring of negative anomalies along with 
several dipole features present within the 
central anomaly. Different analyses were 
performed to constrain the characteristics 
of the structure, the second-derivative of 
the anomaly was used to estimate the 
limits of the anomaly (Fig. 2) and it clearly 
shows the 20 km radius of the central 
anomaly. The result of these 
reinterpretations of aeromagnetic data, is 
the proposal of new 2-D models. In order 
to model the anomaly, we used magnetic



susceptibility from the impact magnetic 
susceptibility from the impact breccias 
and melt clasts measured on the cores 
recovered by the UNAM Scientific 
Shallow Drilling Program (Rebolledo- 
Vieyra et al., 2000). These data showed 
that the basement and melt clast-rich 
breccia, due to the high contents of melt, 
diaplectic glass and crystalline basement 
clasts, has a mean magnetic 
susceptibility -1200 x 10~6 S.I., the 
magnetic susceptibility of the carbonate 
clast-rich breccia is within the 
diamagnetic range, since its main 
composition are limestone and anhydrite 
clasts from the Mesozoic target lithology. 
Measurements of the magnetic 
susceptibility from melt clasts, recovered 
within the basement and melt clasts-rich 
breccia, yielded a mean value of -500 x 
10"6 S.l. From the radially averaged 
spectrum of the anomaly, we calculated 
the depth to the anomaly, that is -1,000 
m, with this estimation, along with the 
magnetic susceptibility, we elaborated a 
N-S, 2-D, model of the crater (Fig. 3).
The profile used to elaborate the model, 
(A-A’, from Fig. 1), in its southern half is 
close to the proposed drilling site, that is 
located -60-70 km from the center of the

Mario Rebolledo-Vieyra and 
Jaime Urrutia-Fucugauchi
Instituto de Geofisica,
Universidad Nacional Autonoma de Mexico, 
Mexico City, Mexico

crater. The position of the proposed 
borehole is shown in the model, and it is 
clear that depth to the impact lithologies 
in the proposed site is, according to our 
model - 1,000 m.
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Figure 2. Second-derivative of the aeromagnetic anomaly (vertical derivative), showing a ~20 km 
radius of the central anomaly
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Unzen Scientific Drilling Project (USDP): The second international workshop

USDP and the present state
The Science and Technology Agency 

(STA) of Japan initiated the Unzen Scientific 
Drilling Project (USDP) in April 1999, following 
a one-year feasibility study. It is scheduled as a 
six-year project, consisting of two phases, as 
written in the previous ICDP newsletter (Uto et al. 
2000). The project first aims at clarifying the 
growth history and magmatic evolution of Unzen 
with two holes drilled into the volcano’s flank, 
reaching the volcanic basement. The second phase 
is evaluation of the eruption process and modeling 
of the eruption mechanism by drilling into the 
conduit of the 1990-95 eruption. Conduit drilling 
in the second phase is proposed as a joint research 
project with ICDP. The detailed design of conduit 
drilling, both scientifically and technically, has 
been discussed as part of the first phase of the 
project. Negotiations with federal environment 
and forest agencies, and explanation of the project 
to local residents, are also being done during the 
first phase. A one-year-long environmental 
assessment around the possible drilling sites was 
carried out.

Results from the two holes (750 and 
1,400 m deep) into northeastern and eastern flanks 
of Unzen reveal the subsurface structure and 
growth history of the volcano. The first 
northeastern flank drilling achieved a core 
recovery of more than 90%. Many layers of 
pyroclastic flow deposits were encountered. The 
oldest pyroclastic material includes vesiculated 
pumice that is rarely exposed on the modem 
surface (Fig. 1). The base of the Unzen products 
appears at about 680 m below the surface, above a 
pyroxene andesite of 0.5 Ma. Systematic K-Ar 
dating of the juvenile lava blocks in cores 
revealed that pyroclastic deposits between -250 m 
and -630 m depth were accumulated in a relatively 
a short period from 0.19 - 0.26 Ma. Only a very 
small amount of the products of the early 
eruptions (0.5-0.26 Ma) reached this drill site. 
This suggests that graben formation accelerated 
after about 0.25 Ma, and was associated with

intensification of volcanism. The second flank 
drilling began in late September, 2000 at the 
eastern foot of the volcano where recent 
pyroclastic flows have repeatedly been deposited 
(Fig. 2). The drilling will be continued until the 
summer of 2001 to a depth of about 1,400 m 
beneath the surface.
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Fig. 1 Lithologic section of USDP-1

Preliminary proposals
Preliminary proposals to ICDP for scientific 
drilling into the conduit of the 1991-95 dome at 
Unzen were evaluated in 1996 and 2000. The first 
pre-proposal was “Subsurface exploration of 
Unzen, Decade Volcano: Scientific drilling for 
hazard mitigation”(S. Nakada and J. C. 
Eichelberger), and the second pre-proposal was 
“Unzen Scientific Drilling Project (USDP): 
Intersecting a high-temperature volcanic conduit” 
(S. Nakada, J.C. Eichelberger, K. Uto and H. 
Shimizu). The two international ICDP-sponsored 
workshops were held in Shimabara near Unzen 
Volcano. The first workshop affirmed the basic
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Fig. 2: Photo of USDP-2 Drilling Rig

concept of the project (Nakada et ah, 1997; 1999), 
and the second one spurred us to proceed with 
conduit drilling.

The second workshop, titled “Unzen 
Scientific International Drilling Workshop” 
(USIDW) was held during 2-4 October 2000, 
focused on drilling techniques (Fig. 3). Conduit 
drilling is aimed at the upper part of the conduit 
located just beneath the summit of the volcano. 
The summit area has an extremely rugged surface 
and no water. The estimated temperature within 
the conduit is over 600 °C. During the feasibility 
study supported by Science and Technology 
Agency of Japan in 1998, we selected four 
candidate sites from which we could penetrate the 
upper part of the conduit (Fig. 4). The best place 
from the scientific point of view is located at 
Azamidani (RS-1), closest to the summit of Mt. 
Unzen. However, in that area nature preservation 
restrictions are strongest. Although our dialog 
with officials of environmental and forest 
agencies and local governments conducted in mid 
1999 to early 2000 were very positive, it was clear 
that getting permission for the Azamidani site

would be difficult, if not impossible. The location 
is too close to popular tourist spots and the access 
was the worst of all possible sites, such that either 
use of a helicopter or installation of an aerial 
tramway would be required. Furthermore, the 
result of our environmental assessment in the area 
in 2000 showed the existence of many important 
species of animals and plants. Therefore, 
alternative drilling sites for conduit drilling and 
applicable drilling techniques were discussed in 
the workshop.

Unzen Scientific International Drilling 
Workshop (USIDW)
The first day (2 October 2000) all attendees, 
including foreign guests learned the history of 
Unzen volcano and the Unzen Scientific Drilling 
Project. The participants were acquainted with the 
scientific goals, and visited some of candidate 
sites for conduit drilling. The next day, drilling 
technologies and the background knowledge 
applicable for conduit drilling were discussed. Ten 
topics from 12 individuals representingS countries 
were selected for a full day of discussion, the 
session was chaired by Seiji Saito and John 
C.Rowley;
1. Lessons in volcano drilling: The conduit of 

obsidian dome volcano, California, and the 
regulatory environment of Katmai National 
Park, Alaska: J. Eichelberger

2. Drilling technology Issues to be considered for 
this project: J. Rowley

3. In-situ stress, rock failure and borehole stability 
in inclined wells: S. Hickman and M. Zoback

4. DOSECC coring technology and project 
control”: D. Nielson and M. Pardey

5. Dynatec company experiences: L. Pisto
6. Device technology: V. Tokle
7. Alpexplo project and coring technologies: T. 

Bendzko and B. Wundes
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Fig. 3: Group photo of the second international workshop

8. Techniques and technology for boreholes 
drilling and coring in hard crystalline rocks: M. 
Gelfgat

9. High temperature drilling experience and some 
temperature simulation results for Unzen-vent 
drilling: S. Saito andN. Hatakeyama

10. Logging technology related to this project: Y. 
Kawamura

Seiji Saito (U. Tohoku) and Sumio 
Sakuma (Japan Metal and Chemistry) visited with 
all attendees of this workshop in May and August 
2000. Their purpose was to provide information 
about the USDP including geology, scientific 
targets of drilling, four potential rig sites, the 
possible well-trajectories and other facts 
necessary for preparation of a drilling proposal. 
Saito and Sakuma had surveyed potential rig sites 
for conduit drilling and proposed four candidate 
rig sites, RS’s-1 to 4 (Fig. 4). Drilling engineers 
were consulted to select one of the four rig sites 
based on their own technical points of view and to 
prepare proposals for this workshop. The third 
day’s session (October 4), chaired by Saito and 
Rowley, was focused on three proposals prepared 
by three groups; Alpexplo group (T. Bendzko and 
B. Wundes), Devico-NED-JMC (V. Tokle, T. Tani, 
and S. Sakuma), and DOSECC-Dynatec (D. 
Nielsen, M. Pardey and L. Pisto).

Alpexplo group proposed RS-2 due to

the smallest distance to the conduit and higher 
altitude than RS-3 and 4, and to RS-l’s difficult 
situation (logistics and permissions). They 
recommended a slant drilling with an entry angle 
of 45° (from vertical) and a final angle of 57°. 
Casings are 13-3/8 inch as conductor, 10-3/4 inch, 
and 7-5/8 inch. Here, 6-3/4 inch core bit, can be 
used, allowing 4-inch coring. Strong drill strings, 
using standard logging tools, running contingency 
casing and cutting up to 4-1/4 inch core can 
become available. The latter was successful for 
horizontal drilling last year.

Devico-NED-JMC favored RS-1, using 
a small slant rig with the entry angle 30°. Conduit 
is penetrated at 1,300m in drilled depth (100 m 
above sea level) with the inclination 70°. Casing 
consists of four strings and the deepest section of 
NQ size. Needed is either helicopter or cable for 
transportation of materials to the rig site. 
Permission to settle the cable station in a vehicular 
road, is very difficult in this stage, cable station 
may be possible only from Iwatoko-yama, a 
neighbor hill-top south of the dome mountain.

DOCECC-Dynatec proposed RS-3. 
They thought it possible to maintain the well 
angle at 80° as long as 3,000 m, penetrating the 
conduit above the sea level. From RS-3, a well 
path with the angle 70° can hit the conduit 275m 
above sea level. They proposed the DOSECC
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Fig. 4 Map showing four candidate sites for conduit
drilling

drilling equipment with a special 50 feet feed 
frame. Casing includes 5 hole-sizes, including 16- 
inch conductor and the deepest section of CHD- 
134 for 5.625-inch hole. CHD-101 for a 3.45-inch 
hole can be used for sidetracking.

Only Saito recommended RS-4 from a 
technical point of view, though the longest 
distance and the lowest elevation. Though the 
three groups initially favored three different 
drilling sites as the above, a clear consensus 
developed in the course of discussion that the 
northern slope of the volcano (new RS-3) is the 
best choice. Getting permission for drilling in this 
site is much easier than at RS-1 and -2, and 
drilling there will be less expensive due to access 
by road, eliminating need for a helicopter or an 
aerial tramway. Despite the greater distance from 
the target, with current technology, slant drilling 
from this site can penetrate the conduit at a depth 
shallower than sea level, and recover the cores 
around the conduit. Because the edifice as a whole 
is a cold hydrologic recharge area and the hot *

conduit should be narrow along the direction of 
penetration, the temperature of mud circulation is 
expected to be less than 200 °C.

The importance of drilling a pilot hole 
was emphasized in this workshop. Knowledge of 
the geological structure and water condition near 
the mouth of the conduit hole is critical to 
designing the drilling strategy and preparing 
detailed drilling plans. The hole can be also used 
for re-injection of spent drilling fluid during 
conduit drilling.

Summary
Discussion during the second international 
workshop on scientific drilling at Mount Unzen, 
yielded the full-proposal, “Unzen Scientific 
Drilling Project (USDP)-Investigation of eruption 
mechanisms through scientific drilling into a 
volcanic conduit-11, prepared and submitted to the 
ICDP in January 2001. The Pi’s are S. Nakada, K. 
Uto, J. C. Eichelberger, H. Shimizu and S. 
Sakuma. In response to an application that 
submitted immediately following the second 
workshop, the STA has funded a pilot conduit 
hole. Drilling of a 400m slant hole began at RS-3 
in February 2001.
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