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YAXCOPOIL-1: 1510 m deep into the Chicxulub Impact Crater, Mexico

Drilling of Yax-1
The operational phase of ICDP's Chicxulub 
Scientific Drilling Project started in late 2001 
some 40 km southwest of Merida, Yucatan, 
Mexico. The well was projected and drilled under 
the leadership of the ICDP Operational Support 
Group as main operator. In order to meet the 
geoscientific requirements under the tight 
financial and time constraints YAX-1 was drilled 
with a combination of rotary drilling and wireline 
coring techniques - based on the excellent 
experiences of other ICDP projects. The official 
spud-in was on December 9. 2001 and the well 
was completed after 77 days of drilling at a final 
depth of 1510.6 m.
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Location map of the Yaxcopoil drilling site in Yucatan

Down to 404 m, the borehole was drilled in rotary 
mode (bit size 12 1/4"; water-bentonite-mud) and 
from 404 m down to the final depth the well was 
continuously cored with wireline coring 
techniques (HQ- and NQ-wireline systems; OD- 
cores 63,5 mm and 47,6 mm; 372 cored intervals; 
98,5% core recovery; water-bentonite-polymer- 
mud). The application of combined rotary drilling 
and wireline coring techniques required a 
modification of the rotary rig. OSG-ICDP 
contracted a rotary rig (type IDECO) from the 
company Perforaciones Industrials Termicas, 
S.A. (PITSA, Mex.) into which the Hybrid Coring

System of DOSECC (USA) was installed for the 
coring operations.

A total of eight core bits were used during the 
operations, one bit was a surface set bit and seven 
were impregnated bits. The average bit life of the 
impregnated core bits was 152 m and the 
maximum bit life was 280 m. The normal 
penetration rate was approx. 2 m/h with maximum 
penetration rates of more than 3 m/h. The drilling 
parameters applied to achieve this performance
were:

• weight on bit: 5 to 20 kN
• rotary speed: 270 to 350 rpm
• pump rate: 70 to 80 l/min (HQ-System) 

and 40 to 50 l/min (NQ-system)

Drilling derrick at Yaxcopoil-1 site

At the depth of 993 m the wireline coring string 
(HQ-system) got stuck due to borehole 
instabilities. As all attempts at pipe retrieval and 
fishing failed, the HQ wireline coring string was 
left in the borehole as a casing string. Coring 
operations were then continued to the final depth 
with a slimmer NQ-wireline coring string system. 
The total costs of the drilling operations including 
drillsite preparation, mobilisation, demobilisation
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and operations of PITSA and DOSECC were 
approximately 1.5 Mio. $. This total amount was 
funded by the ICDP.

Geophysical downhole measurements with 
slimhole sondes were performed by OSG in two 
campaigns at a depth of 400 m prior to casing and 
at 1510 m after the termination of drilling. 
Gamma ray, magnetic field and susceptibility, 
electrical resistivity, sonic and televiewer as well 
as dipmeter probes yielded excellent results.With 
the end of drilling operations, on March 1, 2002, 
all responsibilities, rights and obligations for the 
well were handed over from OSG-ICDP to 
UNAM. UNAM will make the well available to 
ICDP scientists for measurements and tests.

Geology of YAX-1 - Preliminary Results
The primary objective of the Chicxulub Scientific 
Drilling Project was to recover a complete 
lithostratigraphic section through the Tertiary 
cover rocks and impact-generated breccias and 
melt rocks and also to obtain core samples from 
the Cretaceous target beneath the impactites. 
Geoscientists hope that detailed investigations of 
cores will allow the testing of the role of the 
Chicxulub impact event in the Cretaceous/Tertiary 
boundary paleontological mass extinction. Results 
of the deep drilling will also provide insight in the 
cratering mechanics of multi-ring basins on Earth. 
As expected, the drill encountered three major 
rock units, namely 1- Tertiary sedimentary rocks, 
2 - impact lithologies, and 3 - a pre-impact 
Cretaceous sedimentary sequence.

Of the 795-m-thick Tertiary sequence only the 
lower 390 m were cored. It consists mainly of 
calcarenites and calcareous, laminated siltstones. 
Chert and conglomerate also occur but are not 
very abundant. Sedimentary features, besides 
lamination, are cross lamination, soft sediment 
deformations, rip-up clasts, and worm burrows, all 
features indicative of shallow to moderately deep 
marine depositional environments.

Prior to the drilling and based on the interpretation 
of seismic profiles, several hundred meters of

impact-generated rocks had been predicted to lie 
beneath the Tertiary cover rocks at the Yaxcopoil 
drill site. However, an only 100-m-thick impactite 
sequence was encountered. It lies between ~795 
and 895 m depth. Redeposited suevite and suevite 
lie at the top of the sequence. These clastic-matrix 
breccias contain impact glass fragments and 
fragments of various target lithologies, amongst 
them calcarenites and basement granite, gneiss, 
and amphibolite. The breccias are about 28 m 
thick. Brown, green, and a variegated melt breccia 
and a layer of suevitic breccia underlie the 
suevites. The brown and green melt breccias 
contain relatively few target rock fragments. The 
variegated unit, at the bottom 10 m of the 
impactite sequence, however, is characterized by a 
large variety of target rock and glass fragments.

Initial core marking and boxing

The Cretaceous rocks beneath the impact rocks 
are calcarenites, interlayered calcarenites and 
anhydrites, and dolomites, also commonly 
interlayered with anhydrite. These rocks and 
associated sedimentary features are indicative of a 
shallow marine depositional environment. Impact
generated rocks occur within the Cretaceous 
rocks. They consist of thin dikes and veins of
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suevitic breccia, polymict breccia, and 
pseudotachylite. One 33-cm-thick melt rock dike 
has been observed at a depth of 1348 m. Dolomite 
autoclastic breccias, also fonned by the impact, 
are relatively common and are up to 75 m thick. 
These breccias occur also at the final depth of 
1510 m.

500 m

1000 m

1500 m

Carbonaceous siltstone, 
limestone, minor chert concretion

Limestone
Turbidite
Carbonaceous siltstone

Paraconglomerate 
l Orthoconglomerate 
Redeposited suevite 
Suevite
Chocolate-brown melt breccia
Impact breccia
Green monomict melt breccia
Limestone

Calcarenite

Calcarenite, anhydrite

Dolomite autoclastic breccia

Dolomite and anhydrite interlayered 

Dolomite autoclastic breccia

Limestone

Dolomite and anhydrite interlayered 

Limestone
Dolomite autoclastic breccia

Yax-l Geological profile according to core lithology

The Cretaceous rocks, in places are laminated and 
between 895 and -1150 m have a dip of ~ 40 to 
60°, followed by a more or less horizontal unit to a 
depth of -1370 m. From this depth to 1510 m, 
dips range from -20 to 40°. Obviously, the 
Cretaceous rocks have been tilted and possibly 
transported during the impact event.

Based on the interpretation of geophysical data 
and the location of YAX-1 within the Chicxulub 
crater and based on the preliminary lithological 
profile, project scientists have interpreted the 
rocks beneath the impactites as representing one 
or more megablocks.

Unrolled core image showing transition from Tertiary 
limestone to melt breccia at 795 m depth of Yax-l well

Although YAX-1 did encounter a somewhat 
different sequence of impact-generated breccias, 
melt rocks, and megablocks than predicted by 
geophysics, the drilling has been a great success 
providing for the first time a unique section of the 
outer part of the megablock zone of a multi-ring 
impact basin. Geoscientists from several countries 
will study the cores recovered at Yaxcopoil. 
Results of these investigations, together with data 
from down-hole geophysical studies, will help the 
science community to come to a better 
understanding of catastrophic mass extinctions in 
the history of Earth. They also will lead to an 
improved insight in large planetological impact 
events.

B. Dressier, E. Bintakies, L. Wohlgemuth, U. Harms

To learn more: http://www.icdp-online.org.de/html/sites/chicxulub/news/news.html
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Lake Titicaca Drilling 2001

In April-May 2001, we conducted scientific 
drilling in Lake Titicaca (16°S, 69°W, 3810 masl), 
with the objective of recovering a long record of 
tropical paleoclimate. Based on prior piston 
coring and seismic-reflection surveys, we selected 
two principal sites for drilling. In February 2001, 
in conjunction with personnel from DOSECC, we 
mobilized 12 standard shipping containers, each 
20 feet in length, for shipment to Arica, Chile, and 
eventually La Paz, Bolivia. The drilling 
equipment cleared Bolivian customs in La Paz in 
early April and was delivered in a caravan of six 
flatbed trucks to Huatajata, Bolivia. Assembly of 
the platform and drilling system began on 21 
April 2001 on the shores of Lake Titicaca. By 26 
April, the assembly of the system was completed 
without problem, and the platform was towed at 
1.5 to 1.8 knots to the first drill site.

Assembly of GLAD800 containers on Lake Titicaca. 
Note the foam and inflatable rubber bladder in 
container that provides adjustable buoyancy

The drilling commenced during the night shift of 
27 April and was carried out in two 12-hour shifts, 
generally with a crew of 4 drillers and 3 scientists 
on the platform for each shift.

We eventually drilled at three sites in Lake 
Titicaca and obtained overlapping cores at each 
site. A total of 625 m of sediment was recovered 
at the three sites. Site 1 is in the Copacabana 
Embayment to the west of Isla del Sol in 141 m of 
water. Here overlapping cores reach a total depth

of 72 m sub-bottom. We were unable to drill 
deeper, because of thick deposits of sand and 
gravel and consequent hole collapse. Site 2 is to 
the east of Isla del Sol in 235 m water. 
Overlapping cores at this site reach a total depth 
of 136 m subbottom. Site 3 is in the smaller Lago 
Huinaimarca sub-basin of Lake Titicaca, and here 
we drilled in 40 m of water and reached a depth of 
125 m subbottom. Drilling was completed during 
the day shift on 20 May, and the platform was 
towed back to port on the morning of May 21. 
Break down and packing of the platform and 
drilling equipment was completed by the end of 
the day on May 24. At each site, the platform, 
which consisted of 8 containers locked together 
with a moon pool in the center, was anchored 
using a four-point system. Casing was used in all 
water depths (40, 141, 235 m), although after 
drilling at the first site (141 m water depth), we 
determined that it was not necessary to sink the 
casing into the sediment. The casing primarily 
served the function of supporting the drill pipe 
when we were using the hydraulic-piston coring 
device and other tools that are part of the 
GLAD800 Drilling system.

Sketch of Lake Titicaca and position of drill sites. Inset 
shows South America, the Altiplano and Lake Titicaca.

The aim of this project is the reconstruction of 
paleoclimatic history of the Altiplano and tropical 
South America using sedimentology and physical
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properties (Geoffrey Seltzer, PI), diatom 
paleoenvironmental analysis (Sherilyn Fritz, PI), 
and inorganic and isotope geochemistry (Paul 
Baker, PI).

The drilling tools and techniques
We used three primary drilling tools while 
working on Lake Titicaca: The hydraulic piston 
corer (HPC), the extended nose tool (XCB), and 
the "alien" tool. The HPC involves obtaining a 3- 
m stroke with a sampling barrel fitted with an 
internal piston. The stroke is driven by building 
up sufficient hydraulic pressure to shear pins that 
hold the sampling barrel in place and drive the 
barrel into the sediment. The XCB is rotated into 
the sediment with a cutting shoe that extends 
beyond the core barrel. However, the inner barrel 
in this case does not rotate with the outer core 
barrel. The alien tool is used in more indurated 
and coarser sediment, because the cutting shoe is 
basically a rotating bit that extends beyond the 
outer barrel. We rarely used the alien tool, 
because it is a much more aggressive system that 
does not provide complete recovery of soft 
unconsolidated sediments. We primarily used the 
HPC and the XCB, both of which provided 
excellent sediment recovery, with minimal 
disturbance of the strata. In some cases, we 
experienced greater than 100% recovery, because 
of gas expansion in the cores. Both the HPC and 
XCB drilling systems are rapid and efficient.

Assembled GLAD800 at drill site 2. Note convective 
clouds gathering over the mountains waiting to unleash 
their force at nighttime over the lake.

Core tum-around time in the deep-water site was 
about 30 minutes under routine conditions. These 
drilling tools are reliable and can be expected to 
provide excellent core recovery in lake sediments 
where detrital components consist of silts, clays 
and some fine (but not coarser) sands.

Platform Stability and Performance
Lake Titicaca is a large lake (8400 km2) at high 
elevation in the tropics. Convective storms 
develop rapidly and commonly generate waves 
that are a meter or greater in height. These sea 
states were not anticipated during the dry season, 
based on our prior experience on the lake, and 
there were no weather or marine forecasts 
available for the lake to suggest that sea state 
might be problematic during drilling. However, 
during our drilling, severe storms were common 
in the center of the lake in the middle of the night. 
The present GLAD800 drilling platform, while 
fairly stable and certainly outfitted with sufficient 
flotation, is not adequate for use on a lake with a 
large fetch and the possibility of the generation of 
a significant wave state. While the safety of the 
crew on the platform can be assured by various 
means (e.g. life rafts, survival suits, etc.), drilling 
cannot take place during heavy seas primarily 
because the vertical and horizontal motion of the 
platform precludes safe handling of drill pipe and 
also precludes maintenance of steady pressure on 
the drill bits.

Core intervals illustrating the penultimate interglacial, 
laminated interval, perhaps 70,000 Ka (?), upper; a 
glacial, gray massive distal turbidite around LGM age, 
lower; and the mid-Holocene laminated, lowstand 
interval; middle.
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Hole Maintenance
One issue that arose in sandy sediments had to do 
with the circulation of water for removal of core 
cuttings. While water was adequate to remove 
fine-grain core cuttings, it was insufficient to 
remove sandy material from the drill hole. Sand 
falling in on the tool caused it to stick and fail 
during subsequent rotation. In sandy units, there is 
a significant risk of hole collapse. This problem 
could be allayed by using a drilling mud that 
would fortify the hole. A further issue in sandy 
sediments is that it is not possible to sink the 
casing deeply enough into the sediment to 
maintain an open hole.

Summary
The GLAD800 drilling system operated well on 
Lake Titicaca for recovery of sediment cores that 
will be used in studying tropical climate 
variability. The standard tools used on the drill rig 
in soft sediments, the hydraulic piston corer and 
extended nose tool, are well designed to operate 
efficiently and for full recovery of sediments. The 
current platform will work well on relatively 
small lakes, but should not be deployed on large 
lakes with a significant fetch.

Some Initial Results
In late September the basic core description work 
started with our primary core, 2B. That core has 
about a dozen ashes, and we expect to be able to 
use these for Ar-Ar dating and geochemsitry. 
Originally we had thought that we could do some 
dating by correlation (call it spectral tuning) 
between the Lake Titicaca record and the 
precessionally forced record of the downstream 
Salar de Uyuni. This is linked to one of our basic 
hypotheses, namely that tropical South American 
wetness was forced on long time-scales by austral 
summer insolation. In the Salar, this means that 
lacustrine muds represent wet intervals during 
peak insolation (today and LGM), and are 
interbedded with salt deposits during dry times at

insolation minima. The correlation between 
summer insolation and lake level is strong for the 
last two or three precessional cycles (i.e. back to 
about 70Ka), but now as our beautiful U/Th 
isochron dates roll in on the salt deposits in the 
Salar, we are finding that earlier cycles are out of 
step, and that there was a long-term directional 
change in apparent wetness (it appears to have 
been a lot drier at all times prior to about 100,000 
years ago). Meanwhile, in Lake Titicaca, if 
glaciation was precipitation-limited, then glacial 
expansion and glacio-lacustrine sedimentation 
should have been coincident with lacustrine 
highstands in the lake and in the Salar. This is true 
for the LGM (a highstand with lots of glacial 
sediment) and to some extent for contemporary 
times (a highstand, but too warm for major glacial 
expansion). Thus, temperature is also a major 
player in the eastern cordilleran tropical glaciers 
(but probably not as much in the western 
cordillera) and also in the response of the Lake 
Titicaca system. The Lake Titicaca drill core has 
already revealed that tropical glaciation was 
prominent not only during the global last glacial 
maximum, but moreover that it persisted right 
through several previous wet-dry precessional 
cycles (again demonstrating the importance of 
thermal controls on glacial extent). This complex 
interplay between precessional and non-orbital 
forcings is likely to preclude any simplistic 
spectral tuning approach to chronology. But an 
important research result, is the recognition that 
tropical glaciation (prior to the LGM) cannot be 
easily studied anywhere other than the tropical 
Andes or by any method other than lake drilling 
and detailed glacial geomorphological work. Also, 
in Lake Titicaca, prior to what we estimate to be 
about lOOKa, the signs are clear that lake level 
was dominantly low - again it appears that the 
southern tropics were a lot drier prior to 100,000 
years ago than after. Right now, we have no 
explanation for this surprising observation.

Paul Baker, Geoffrey Seltzer, Sherilyn Fritz; Principal Investigators Lake Titicaca
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REPORT OF THE ICDP-PI-SAGA MEETING ON THE 
ICELAND DEEP DRILLING PROJECT
REYKJAVIK, JUNE 22-27, 2001 

Introduction
The Iceland Deep Drilling Project (IDDP) plans to 
drill one or more boreholes deep enough to 
penetrate into the supercritical zones believed to 
be present beneath three currently exploited 
geothermal systems in oceanic ridge-type 
spreading centres in Iceland. The main aim is to 
produce much higher enthalpy fluids for power 
production than are currently being utilized. The 
IDDP is being funded by Deep Vision, a 
consortium of Icelandic energy companies. A 
feasibility study, which has a budget of 
approximately US $ 300,000 is currently under
way and is examining the three candidate sites as 
well as the economics and engineering issues of 
drilling to greater depths and higher temperatures. 
Responding to the invitation of Deep Vision, a 
meeting funded by the International Scientific 
Continental Drilling Program (ICDP), was held in 
Reykjavik, June 25th-June 27th 2001, to help 
defining tasks for the feasibility study and to 
begin planning a scientific program to take 
advantage of the IDDP borehole. A Science 
Applications Group of Advisors (SAGA) with 
both Icelandic and international membership has 
been formed to formulate and oversee these plans. 
Iceland is a particularly favourable location for 
research on very high enthalpy fluids. It is hoped 
that such fluids can be produced at high flow 
rates. In Iceland the repeated seismicity and 
volcanic activity in the rift environments create 
high permeability and high temperatures at 
drillable depths. Temperatures greater than 300°C 
are commonly encountered in wells drilled to 
depths of 2 km in high-temperature geothermal 
fields in Iceland. The likely existence of 
permeable regions in brittle basaltic rock at 
supercritical temperatures at still greater depths 
beneath the candidate geothermal fields is inferred 
from the distribution of hypocentral depths of 
seismic activity that continues to below about 5 
km depth. These circumstances are the product of

the special geological environment of Iceland, a 
coincidence of a mantle plume with the divergent 
plate boundary at the mid-Atlantic Ridge. Thus 
the IDDP offers the international geoscience 
community a unique opportunity to:
(a) investigate the magmatic and fluid circulation 
character of the Mid-Atlantic Ridge (on land), and
(b) study and sample fluids at supercritical 
conditions.

These aspects of high-temperature hydrothermal 
systems have rarely been available for direct 
observation. SAGA convened panels on drilling 
techniques, on geosciences, and on the pilot plant.

Iceland and its mid-atlantic ridge. The position of 
the three potential drilling sites Reykjanes, 
Nesjafellir and Krafla are shown.

DRILLING PANEL
The assignment of the drilling panel was to 
evaluate a drilling strategy to meet the 
engineering goals, and to consider the additional 
steps and the costs involved of also meeting the 
science goals. After a description of the workplan
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and division of responsibilities by S. 
Thorhallsson, the panel on drilling technique, with 
advice from other panels on the likely ranges of 
depth, temperature, fluid pressure and fluid 
composition in the supercritical regime, 
considered a wide range of options for achieving 
the engineering and scientific requirements of the 
IDDP. These options included drilling:
(A) a "standard", albeit deeper, production well 
drilled with conventional geothermal technology 
with limited spot coring at casing points, near 
major stratigraphic boundaries, and within 
reservoir rocks
(B) a "standard" production well as in (A), above, 
with wireline sidewall coring to interpolate 
between conventional cores
(C) a cored pilot slim hole, followed by reaming 
out the hole to a production-diameter well using 
"hybrid" rotary-coring technology
(D) two wells, one a cored slim hole for science 
and the other a "standard" production well for 
engineering,
(E) a "standard" production well to 3.5 km depth 
and then continuously core a slim hole 1-1.5 km 
deeper using hybrid rotary-coring technology.

During discussion by the SAGA committee, a 
strong consensus emerged that option E offers the 
best compromise to meet both the engineering and 
science goals within realistic budget constraints. 
The largest drilling rig currently in Iceland 
("Jotunn") has the capacity to drill and case a 
production hole as deep as 3.6 km. A continuous 
coring system with top-drive, such as the 
DOSECC coring rig, used successfully in a 
number of scientific drilling projects in the EISA, 
could then be adapted to Jotunn, or to a similar 
rig, to deepen and core a slim hole into the 
supercritical zone. If flow testing this slim hole 
proved successful, sufficient information for proof 
of the concept of producing energy from 
supercritical conditions would be obtained. At the

same time the science program would obtain 
abundant data and samples from the supercritical 
regime and rock samples from the deeper part of 
the Icelandic late Quaternary - Holocene Rift 
zone.

GEOSCIENCE PANEL
The assignments of the geoscience panel were 
firstly to develop criteria for evaluation of three 
candidate sites which have been proposed for the 
IDDP, and secondly to develop a basic science 
program essential to the scientific success of the 
project. The three geothermal systems of 
Reykjanes, Krafla and Nesjavellir were 
considered as candidate sites from both 
geoscientific and environmental perspectives. 
Given what we know at present of these systems, 
supercritical conditions are almost certainly likely 
to be found at drillable depth at all three sites. The 
current production zone at the Nesjavellir 
geothermal field, at the north side of the Hengill 
Central Volcano, was provisionally ruled out for 
environmental reasons. However, two 2 km-deep 
exploratory wells will be drilled in the south side 
of the Hengill volcano this summer. Depending on 
the findings from these wells, the Hengill area 
remains a candidate site for the IDDP.

The Geoscience Panel has defined criteria for 
evaluation of the candidate sites and summarised 
best estimates of the anticipated conditions likely 
to be encountered at depths at the three candidate 
sites. At Hengill and Krafla, target temperatures 
of 500°C are sought which should be well into the 
supercritical zone at 5 km depth and 4 km depth 
respectively. At the Reykjanes geothermal system 
the produced fluid is evolved sea-water so that it 
is deemed advisable to avoid fluids at 
temperatures high enough to result in deposition 
of salt in the well during production. This requires 
target temperatures below 420°C.
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Hydrothermal section along the rift axes at Reykjanes, 
including all deep drillholes

Environmental restrictions are probably more 
likely at Krafla than at Reykjanes, but more 
information about possible environmental 
restrictions at Hengill is necessary.

The panel recommends that the focus of a basic, 
essential, minimum science program should be on 
the deeper hotter supercritical part of the borehole, 
but not to the total exclusion of the upper cased 
production well. A minimum program in the 
production well should include collection of drill 
cuttings for petrological study, and at each casing 
point, logging, obtaining spot cores, and 
determining the state of stress by hydrofracturing 
and the use of borehole televiewer.

In the continuously cored part of the well, below 
the production casing, real-time study of fluid

inclusions and mineral assemblages while drilling 
could be used to help identify the proximity of the 
supercritical zone. Taking advantage of any 
massive loss zones, slim hole logging of this deep 
zone should be attempted. Similarly extensive 
fluid sampling and flow testing of loss zones in 
the supercritical regimes should be an important 
goal of the program for both engineering and 
scientific reasons.

A number of activities during the feasibility study 
were also discussed. These included mapping 
earthquake hypocentres and determining focal 
mechanisms in the candidate sites and setting up a 
working group of geochemists to estimate likely 
chemical parameters of the fluid to help design the 
fluid handling system, as well as for 
environmental contingency planning.

PILOT PLANT PANEL
Until more is known about the nature and volume 
of fluids likely to be produced from this borehole, 
the main objective of the pilot plant must be to 
obtain as much data and information as possible 
on the fluid and its properties. On the basis of this 
information further plans for utilizing the fluid 
will be laid out. Thus the panel suggests a pilot 
plant in steps where the first step is designed to be 
as simple and flexible as possible. At Reykjanes 
the target is a brine at 380-420°C containing 3-5% 
by weight salt with an enthalpy of 2000 kJ/kg or 
higher. Because the critical point is elevated to 
higher temperatures and pressures by increased 
salinity, a supercritical zone may not be present at 
this tempererature. At Hengill and Krafla the 
target is 450-500°C fluid with an enthalpy of 3000 
kJ/kg, possibly containing 0.1-0.2 % by salt. 
However, there is a high uncertainty about the P, 
T and chemical composition, and the likelihood of 
encountering acid fluids which would present 
technical and environmental hazards. The panel 
finds it of highest priority to carry out a chemical 
study of the expected conditions of the 
supercritical fluid. The study should also address 
the possibility of discharging such fluid to the 
surface without the risk of rapid plugging of the 
well.
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The preliminary design centres on a downhole 
tubing system consisting of a suspended solid 
liner to convey the fluid to the surface to allow 
fluid sampling at the surface and studies of 
corrosion and scaling downhole. In this 
preliminary design only low mass flows are 
planned. In this way the properties of the fluid can 
be investigated and the danger of scaling assessed 
without risking plugging the well. When the 
properties of the fluid have been established, more 
extensive surface installations will be required to 
further explore the possibilities of utilization and 
process design, for both energy and chemical 
production. Also at this stage the production part 
of the well could be readied for more extensive 
flow testing for scientific, chemical engineering, 
and reservoir engineering purposes.

GENERAL CONSIDERATIONS
Funding. Assuming that the feasibility study is 
favourable, for example that it appears that 
supercritical fluid can be produced, and that the 
chemical study shows that it is likely the 
supercritical fluid can be discharged to the surface 
without a high risk of plugging the well in a short 
time, the SAGA committee endorses the principle 
that the Deep Vision Group should fund activities 
that are primarily for the engineering requirements 
of a production well. On the other hand, the 
science program should seek funding for the 
incremental costs of engineering and drilling 
which is primarily for the science program. 
Negotiations on cost sharing where activities 
achieve both engineering and science purposes 
might be envisaged.

Source of Science Funding. The funding of the 
basic science activities can be divided into two 
parts, firstly the incremental costs of drilling the 
well due to science activities, and secondly the 
cost of the science itself. The SAGA committee

will seek to fund incremental engineering costs, 
and the basic science program, including curation 
and distribution of samples and data, by 
submitting proposals to international and national 
funding agencies. The committee will also solicit 
proposals from international investigators to 
develop a well rounded and focused science 
program beyond the basic on-site activities 
mentioned above. The committee will also 
welcome for review various add-on scientific 
projects that might be proposed.

A wide ranging discussion of possible funding 
sources included the International Continental 
Scientific Drilling Program, the Integrated Ocean 
Drilling Program, the European Union, the 
European Science Foundation, and the Ridge 
program of the US National Science Foundation, 
among others.

A science workshop on the IDDP is planned to be 
held in Reykjavik on March 15th - 22nd 2002 with 
50-75 participants. A meeting of SAGA will be 
held immediately after the workshop. A 
supplement to the ICDP funding would be 
desirable for this workshop. In summer 2001, a 
notice requesting expressions of interest and one 
page science preproposals was issued, with the 
deadline of Winter 2001/2002. SAGA will review 
preproposals and issue invitations for the 
forthcoming IDDP events.

If drilling is to begin early in 2004, major 
proposals seeking funds for the science program 
and associated engineering should be submitted in 
late 2002 and early 2003 (see table 2). Finally, the 
members of SAGA are encouraged to publicize 
internationally the scientific opportunities of 
participating in the Iceland Deep Drilling Project 
(IDDP).

G.O. Fridleifsson, Iceland, W.A. Elders, USA and S. Saito, Japan
with input from SAGA members, DeepVision and S. Thorhallsson

For further details: www.os.is/iddp
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Principal Investigators and SAGA members:
G.O. Fridleifsson, Orkustofnun, Iceland gof@os.is
W.A. Elders, University of California, USA wi Ifred. elders@ucr. edu
S. Saito, Tohoku University, Japan ssaito@ecml .earth.tohoku.ac.jp

SAGA Members:
S. Amorsson, University of Iceland stefanar@raunvis.hi.is
J.O. Bjarnason, Orkustofnun, Iceland job@os.is
G. Cappetti, Erga Gruppo Enel, Italy cappetti.guido@enel.it
R.O. Fournier, USGS, USA rofour@well. com
V.K. Jonsson , University of Iceland vkj@verk.hi.is
R. Maack, VGK engineering, Iceland runolfur@vgk.is
D. Nielsson, DOSECC, USA dnielson@egi.utah.edu
G. Palmason, Orkustofnun, Iceland gp@os.is
J. Sass, USGS, USA jhsass@hay.net
A. Skinner, BGS, Scotland, UK acsk@bgs.ac.uk
V. Stefansson, Orkustofnun, Iceland vs@os.is

DeepVision :
A. Albertsson, Hitaveita Sudumesja, Iceland albert@hs.is
B. Stefansson, Landsvirkjun, Iceland bjomst@lv.is
E. Gunnlaugsson, Orkuveita Reykjavikur, Iceland einarg@or.is
G.O.Fridleifsson, Orkustofnun, Iceland gof@os.is

Drilling Technology:
S. Thorhallson, Orkustofnun, Iceland s@os.is

Note added in proof: A preliminary brief report on the IDDP - ICDP Workshop in March 2002:

THE ICELAND DEEP DRILLING PROJECT: 
WORKSHOP No 1, ICELAND, MARCH 17-19, 2002

The Iceland Deep Drilling Project (IDDP) is an 
investigation of supercritical phenomena in 
hydrothermal systems within the mid-ocean rift 
system in Iceland. Workshop No 1 of the IDDP 
was concerned primarily with developing the 
optimum strategy of meeting the difficult 
technical challenges of drilling and sampling 
wells to depths of 3.5 to 5 km and temperatures of 
>450°C. The workshop led to a clearer definition 
of the conditions likely to be encountered and 
developed the guidelines for planning drilling and

coring. The outcome was an enthusiastic 
endorsement of the project by both industrial and 
scientific partners in the IDDP. We anticipate that 
the site of the first well will be chosen in the near 
future, allowing the specific well design to be 
finalized and cost estimates to be made. The next 
step is to make, and begin implementing, a 
detailed science plan with broad international 
participation.

Gudmundur 6. Fridleifsson, Orkustofnun, Geoscience, Iceland
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The Ko’olau Rock Drilling Project, April 4 to June 6, 2000

Overview
The Ko'olau drilling project was a success. With 
financial help from International Continental 
Scientific Drilling Program (ICDP), the US 
National Science Foundation, the University of 
Hawaii and several other universities, we achieve 
our drilling objective on time and within budget. 
The drilling operations were managed by 
DOSECC using the new GLAD 800 drilling rig, 
which worked very effectively. Approximately 
328 m (1077 ft) of relatively unaltered core 
(including fresh glass) with an interesting range of 
rock types (picritic basalts to pebbly sandstone) 
was recovered from the Kalihi Valley hole on the 
Hawaiian island of O’ahu. Initial petrography and 
geochemical results (Haskins and Garcia, 2000) 
confirm the suggestion of Jackson et al. (1999) 
that the distinct geochemistry of Ko'olau volcano 
is only skin deep.

Ko'olau drill site on O'ahu

Project Rationale
Basalts produced by mantle plumes are thought to 
provide fundamental information on the 
composition and history of the deep mantle. The 
Hawaiian hotspot is the classic example of a 
mantle plume and its basalts are unquestionably 
the best-studied suite from any plume. The 
subaerially exposed lavas of Ko'olau Volcano on 
the island of Oah'u are geochemically distinct 
among Hawaiian shield lavas in major and trace 
elements, and in isotopes (Frey et ah, 1994).

Ko'olau lavas are important to an understanding 
of the origin and evolution of the Hawaiian plume 
and the mantle because they appear to provide the 
strongest evidence for deep mantle recycling of 
oceanic crust (sediments and basalt; Hauri, 1996). 
A recent study of Ko’olau lavas in a new highway 
tunnel suggest that these geochemical distinct 
lavas may form only a thin veneer on the volcano 
(Jackson et ah, 1999).

A portion of the core box that shows a fluvial sediment 
is interlayered with lava flows.

Scientific drilling is the only method that will 
allow us to answer this question. An added benefit 
to drilling is rocks obtained are likely to be less 
altered than surface rocks, which have been 
subjected to intense topical weathering. We were 
fortunate to take advantage of a new 345-m deep, 
water observation hole that was drilled in Kalihi 
Valley by the City and County of Honolulu. This 
predrilled hole allowed us to drill beneath any 
surface exposures of the volcano's lavas.

The goal of the Ko'olau Scientific Drilling Project 
was to obtain ~300 m of rock core starting at the 
base of the Kalihi hole. Major funding for this 
drilling project came from US National Science 
Foundation and ICDP, with additional funding 
from the University of Hawaii, Massachusetts 
Institute of Technology, California Institute of 
Technology, University of California at Berkeley, 
Carnegie Institute of Washington, Max-Plank- 
Institut fur Chemie, Woods Hole Oceanographic 
Institute, and Tokyo Institute of Technology.
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Drilling Highlights
DOSECC provided core-drilling services for the 
Ko'olau Drilling Project. The new GLAD800 rig 
was used to deepen an existing well at the Kalihi 
Shaft Station of the Honolulu Board of Water 
Supply. The Kalihi Shaft well had previously 
been drilled to a depth of 1150 feet (~350 m). 
Casing in this well is 8-5/8" in diameter and 
extends from the surface to a depth to 150 feet, 
just below the water table. The remainder of the 
well was uncased, so a temporary liner was 
installed to the base of the well to avoid 
contaminating the fresh water aquifer during 
drilling. A diamond core bit, attached to 10 foot 
rods with an outer diameter of 3.65 inches, 
produced rock cores 2.4 inches in diameter. 
These cores were fed into a 10.5-foot core barrel, 
which was retrieved to the surface using a 
wireline.

The drill site was in a residential area, so drilling 
operations were restricted to 8 a.m. to 5 p.m., 
weekdays only, with no drilling on holidays. At 4 
p.m. each day, 30 to 60 m of pipe was pulled to 
avoid the pipe becoming stuck in the hole 
overnight by a cave-in in the newly drilled 
formation. Despite this loss in time and 
efficiency, drilling progressed well in the variably

fractured pahoehoe and a'a lavas. The maximum 
one-day recovery was 30.8 m. Overall core 
recovery was high (97%) and the coherency of the 
core allowed us to establish clear stratigraphic 
relationships within the hole. After washing the 
core to remove drilling mud, it was dried, 
reassembled, marked and put into plastic boxes 
for storage. The core was systematically logged 
following procedures we developed for the 
Hawaii Scientific Drilling Program. The results 
of this logging are posted on the world wide web 
at http://icdp.gfz-potsdam.de /html/koolau/news. 
html. Chips from the upper part of the well were 
collected and are included in our analysis of the 
geology and geochemistry of the hole. The core is 
being stored at the University of Hawaii Marine 
Center's rock storage facility. The core is 
available to interested scientists.

An international team of experts has been 
assembled to make a thorough characterization of 
the core and chips from the Ko'olau hole. This 
will include petrography, mineral and glass 
chemistry by microprobe, and whole-rock major 
and trace element (Rb, Sr, Y, Zr, Nb, V, Ni, Cr, 
Zn, by XRF, and all REE, Ta, Ba, Nb, Th, Hf, U, 
Pb, Rb, Cs by ICP-MS) compositions for 
approximately 50 lavas flows and O, Pb, Sr, Nd 
and Hf isotope ratios for select samples. In 
addition, a paleomagnetic study is being made of 
the cores to look for magnetic excursions (e.g., 
Reunion) during the period that these flows are 
thought to have been empted (~2.0-2.6 Ma). 
Three lava flows are being dated by Ar-Ar 
methods.
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ICDP Workshop on Drilling the Chelungpu Fault, Taiwan: 
Investigating the Physics of Faulting for a Recent Large Earthquake

Discussion notes
A three day workshop to discuss a fault-zone 
drilling project on the Chelunpu Fault was held in 
Taipei and Jungli, Taiwan on September 27-29, 
2001 under the sponsorship of the International 
Continental Scientific Drilling Program (ICDP).

A large and damaging earthquake (M7.6) 
occurred in the northwest region of Taiwan on 
September 20, 1999 causing thousands of
casualties, collapsed buildings, and other damage. 
The focal mechanism of the mainshock indicates a 
thrust fault with a north-northeast trend. 
Geologists have reported scarps with vertical 
offsets of 2 to 3 m along a 60 km north-south 
stretch of the Chelongpu fault. At several 
locations in the northern part of the faulted region 
there are estimated displacements of 8 meters.
On September 27 and 28 there were numerous 
papers (talks and posters) that were presented at 
the International Conference Center, Taipei, in 
conjuction with the Joint Geosciences Assembly. 
On September 29, the workshop moved to the 
National Central University in Jungli for group 
discussions. These are notes from those

discussions. For summaries of the talks and 
posters see the conference proceedings. A field 
trip to see the Chelungpu Fault was led by Chien- 
Yi Wang on September 30.

I. Morning Sessions
Workshop participants divided into four groups to 
discuss scientific objectives for the Chelungpu 
Drilling project. They were reminded of the 
workshop held in Tokyo last summer and asked to 
re-examine those scientific discussions, especially 
in light of new results from the shallow borehole 
cores. These questions were given to the group 
leaders to help focus the dicussions.

1. What are the scientific objectives for your 
group?
• What unique problems can be addressed with 

the fault drilling?
• Can the problem be presented in a testable 

model?
• What are the physical parameters or 

measurements that are needed to test the model? 
(depth and temperature needed for borehole)

• Are there reasons for drilling quickly?

2. What information or models can your group 
contribute for the planning for the borehole?

3. What is the relationship between the Chelungpu 
drilling projects and other projects?

II. Afternoon Session and Group Summaries 
A. Collision Dynamics (Francis Wu)
TAIGER: TAiwan Integrated GEodynamic Research 
The TAIGER group sees many ways in which 
synergetic cooperation can take place. Although 
the anticipated depth of drilling at present is 
relatively shallow so that direct testing of the 
scientfic objectives of TAIGER is not likely, data 
from the drill hole can provide necessary 
constraints to the interpretation of TAIGER- 
generated data. Also, depending on the timing of 
the drilling and the initiation time of TAIGER, 
TAIGER can participate and contribute to the site 
characterization and the need of the drilling 
project for tectonic framework. The following
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have been discussed.

Chelungpu Drilling contributions to TAIGER
1. The seismic velocities (to be determined by 
TAIGER researchers) of cored rocks will provide 
basis for interpreting seismic data from TAIGER 
research.
2. In that geodynamic modeling is an integral part 
of TAIGER, the physical properties of rocks, the 
hydrological conditions, the state of stresses and 
the heat flow observed in the borehole will help 
constrain the mechanical properties to be used as 
input to the physical model.
3. The downhole seismometers can be used as a 
part of an array over the fault for its mapping.
4. The geochemistry of ground water may allow 
us to understand the source of such water and its 
relation to seismogenic zone.
TAIGER contributions to Chelungpu Drilling
1. 2-D site characterization at various spatial 
scales with TAIGER seismic and magnetotelluric 
instrumentation.
2. Providing regional tectonic framework in 
choosing sites.
3. Provide 3-D regional seismic velocity images 
for drill sites.

Should it possible to extend the hole beyond 6 km 
then some of the geodynamic hypothesis can be 
directly tested.

We would like to see the depth and dip of the fault 
(decollement) at depth. This may be used to 
distinguish between various tectonic models 
proposed by Suppe and Wu. A deep hole may be 
able to reach the "overpressured" zone proposed 
by Suppe. Most of the slip during the Chichi 
earthquake occurred on the "ramps" with steeper 
dip, but a borehole through the "flat" may provide 
more information on the tectonic models.

There is interest in drilling into the area where the 
earthquake initiated. Based on the CWB data, the 
initial point should be at 10 km with error of +/- 2 
km. We have a discrepancy if the decollement is 
about 5 km (the hypocenter does not seem to be 
on the main fault structure). However, Prof. 
Wang's reflection data show the decollement may 
be at 10 km depth.

For a deep borehole (> 6 km) it is essential to 
have good seismic reflection mapping of the fault, 
so we know exactly at what depth the fault is 
located.

Waterfall created by the Chichi earthquake in 1999

B. Site Characterizations (Chien-Ying Wang) 
Currently we have 2 seismic reflection lines.
1. CPC line from Tsuo-shei River. We like to 
place the decollement at a depth of 10 km. This 
line is just south of Suppe's balance cross section.
2. For the Takungsi profile (profile c): we found 
strong reflectors under the chinshui shale 
(deformation in the KueiChulin formation). So 
my suggestion is that we should drill to depth 
below the Chelungpu fault to penetrate to the 
ToukeShan formation in the footwall.

For further site characterization we proposed 
several tasks.
1 .Three more transects, two EW and one NS.
2. More velocity information from refraction data.
3. Need a 80 km line with five 200kg dynamite 

sources.
4. Need more MT surveys.
5. Need 1:5000 scale geological map.

For a drilling site in the north, 3 km east of the 
surface rupture, we can get to the fault at a depth 
of about 3 km.

In the north, there is interest to drill about 1 km 
below the Chelungpu fault to penetrate the Sanyi 
fault. For seismic hazard issues, it is important to 
understand how much recent slip has occurred on 
this fault.
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In the south the fault appears to have a shallow 
dip and shows the ramp-flat geometry. So maybe 
we should drill 2 holes in this region. One shallow 
(closer to the surface rupture) on the ramp and 
another deeper hole on the flat.

Prof. Wang said that if sites are chosen for drilling 
he can shoot seismic reflection lines across the 
area.

C. Fault-Dynamics, downhole measurement 
and monitoring (Hisao Ito)
A key question is understanding the mechanisms 
for the low frictional stress on the northern part of 
the fault is inferred from the seismic data. There 
are several hypothesized explanations:
1. Different material properties
2. Fault melting
3. Fluid pressurization
4. Mechanical lubrication

In order to distinguish between these mechanisms, 
the primary objective for a drilling project, is to 
penetrate the fault in the area of large slip and 
obtain a sample of the fault surface. From the 
sample, we hope to understand the physical 
mechanisms of large slip on a shallow fault. From 
the core we hope to be able to obtain the 
following parameters:
1. Roughness of the fault
2. Width of the fault zone
3. Coefficient of friction (static and dynamic) to 

establish friction/flow law
4. Viscosity of the fault material
5. Fluid pressure in the fault zone and evidence of 

high fluid pressure.

This group asked the Core Examination group if 
obtaining the above information from the core 
samples was feasible.

We suggest that the focus of this drilling project 
should be understanding the fault properties that 
allow large displacements during earthquakes. 
(The San Andreas drilling project (SAFOD) is 
interested in the issues of earthquake initiation 
and their project is looking at repeating 
earthquakes)

Proposed Drilling Plan
1. Two boreholes (1 and 4 Ion) in an EW direction 

on the northern portion of the fault in the region 
of large slip.

2. Two boreholes (1 and 4 km) km in an EW 
direction on the southern portion of the fault. 
One on the ramp and on the flat.

Combined with the shallow boreholes that have 
already been drilled in the north and south, this 
would give a good depth profde of the fault. For 
the deeper holes, we propose to drill parallel to the 
fault to obtain along fault estimates of the fault 
properties.

We cannot sample the entire fault surface, 
however, as mentioned by Prof. Kanamori in his 
talk, it is important to obtain good samples even at 
one location. Then physical models for the 
conditions at that location can be constructed. 
Conditions and heterogeneity likely vary greatly 
along the fault, but if we can understand the 
conditions and mechanisms at one place, we can 
begin to understand how the mechanism may 
differ under different conditions. To establish 
physical models, we also need to have in-situ 
physical parameters (such as stress, fluid pressure 
etc.) determined by borehole measurements.

For studying the healing process (geochemistry 
and physical properties, such as permeability, 
changes), we would like to utilize the borehole to 
carry out monitoring experiments, including fluid 
sampling, S-wave splitting, water injection 
experiments.
Also, seismometer installation(s) in the boreholes 
would be useful for the Taiwan seismic network.

The laboratories in Taiwan may not have all of the 
necessary expertise to carry out all of the 
analyses, but there are facilities in Japan that can 
help.

D. Core Examination (Hitoshi Mikada):
Scientific Objectives:

1 .Fault behavior - Importance of physical model 
to be examined by drilling

2. Earthquake nucleation
3. Prediction of earthquakes
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Detailed targets
1. Search for pseudotachylytes
2. Look for evidence of lubrication friction in 

the core samples
3. Kinematic modeling of the fault behavior
4. Mapping physical parameters along the fault. 

Methods
1. Obtain samples of fault and surrounding rock 

from as many locations as possible.
2. Determine the physical properties of the fault 

from the borehole samples
3. Examination of existing cores: CPC has a

collection of cores that could contain valuable 
information.

Locations for borehole sampling 
1 .Northern portion of fault
2. Southern portion of fault
3. Region of hypocenter
4. Region of detachment

Multiple holes are important. A shallow (1 km) 
hole in the north could be used to test the 
hypothesis of fault lubrication. A middle-depth 
(2-4 km) hole in the south could study the effects 
of fault melting. A deep (8-10) hole into the 
detachment could be used to study the effects of 
the over-pressurization of fluids.

Need detailed site surveys for the area of the 
drilling:

1.3 D seismic survey.
2. Surface field mapping
3. Basin analysis
4. Spatial mapping of available pore pressure.

Continued discussion is needed for this proejct to 
agree on issues such as publications, and data 
release.

E. Funding Issues
1. Possible funding in Taiwan - Jeen-Hwa Wang 
National Program for Earthquakes and Active 
fault Research. (PEAR) has three large 
international collaborative projects:
1. PBO (Plate Boundary Observation) Taiwan, 

USA
2. TAIGER (Taiwan Integrated geodynamical 

research) Taiwan , USA, Japan, France, PRC
3. TCDP (Taiwan Chelungpu-fault Drilling 

Project) Taiwan, Japan, USA (and France)

PEAR projects are being carried out from June 
2000 to August 2005. We hope to receive 
proposals from the three groups by July 2002 in 
both English and Chinese. Currently there is about 
US$ 1 million per year from the National Science 
Council.

2. Possible funding in USA - Francis Wu
We will soon be submitting the proposal for 
TAIGER to the Continental Dynamics program of 
the US National Science Foundation (NSF). We 
have not put in the elements that are directed 
related to the drilling yet. NSF and ICDP and 
currently supporting a drilling project at Parkfield 
on the San Andreas fault that is planning on 
drilling a 2 Ion hole next year.

3. Possible funding in Japan - Wonn Soh
It is difficult to predict the availability of funds in 
Japan for this project. Japan has spent a lot of 
money for the new ocean drilling program and the 
Nankai Trough drilling project (OD21) has been 
listed as a very important program. This Taiwan 
project is considered to be a sister project to 
OD21. We are also talking with other disciplines 
and other agencies about possible funding. I think 
that the connections with the biological sciences 
will be important.

F. Summary Discussions
The drilling plans proposed by the four groups 
have similarities, such as the importance of 
multiple boreholes and to the sample the fault at 
difference depths. There were some major 
differences in the proposed depths. TAIGER 
would like a deep borehole (8-10 km) to probe the 
detachment zone. The geology group also wants 
to go to as deep as possible (6 to 7 Ion) to 
investigate the fault at various temperatures and 
pressures. The scientific objectives of the fault 
dynamics groups could be met with a 4-5 Ian 
borehole.
The important parameter is not so much depth, but 
temperature. The regional geothermal gradient 
here is 25-30o C/km. For seismologists who want 
to see the region of large slip around 3 to 5 km 
depth, the temperatures would be 75o to 150o, 
which does not present any major technical 
problems.
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Since the cost of the project is essentially 
determined by the depth of the deepest borehole, 
there was discussion about the importance for a 
deep (8-10 km) borehole.

LA deep borehole might be able to reach the 
regions of high fluid pressures that may 
govern the behavior of the decollement.

2. Geologists would like to get to the depths 
where mylonites are formed.

3. Most the areas of large slip during the 
earthquake were on the shallower portions of 
the fault that have a steeper dip. It would be 
important to investigate the deeper flat 
portions of the fault, to understand what 
controls the distribution of slip.

4. The flat portion of the fault may be a creeping 
section that would be interesting to 
investigate.

There are many interesting scientific problems 
that can be investigated with drilling a deep 
borehole. However, for practical cost 
considerations, it seemed that aiming the project 
at a more moderate depths (4-5 km) is more 
reasonable. If the primary goal of the project is to 
study the physical properties of the fault for the 
regions of large slip, it is not necessary to drill to 
great depths. From the results of the seismic 
inversions, regions of large slip can be found on 
the fault in the 4-5 km depth range. For this 
scientific goal, targetting the ramp on the northern 
portion of the fault would be the highest priority. 
To compare the differences of fault properties, we 
would want a similar depth borehole on the 
southern section. In addition to a 4-5 km borehole, 
additional 2 and/or 3 km depth boreholes would 
be desirable to link the shallow data with the 
deeper data. Also, several holes at different depths 
would be important if the thermal gradient is not 
linear with depth.

G. Relationship to other Drilling Projects
Hisao Ito presented a table to summarize the 
various fault-zone drilling projects that are 
currently underway in the world. For developing a 
proposal for drilling the Chelungpu fault, we 
would like to fill in missing information in this 
table. This is important for pointing out the 
uniqueness of this drilling project and clarifying 
the relation between this project and other related

There was discussion about the main goals of the 
drilling project. It was mentioned that the 
scientific objectives should not be limited to local 
interests, but try to address broad scientific 
questions.

Any drilling that is done for fault sampling will 
likely use some branching drilling techniques so 
that several samples within about 100 meters of 
the fault can be obtained.

Another issue that was discussed was how far past 
the fault do we want to drill. For example in the 
northern section, there is likely another fault 
(Sanyi fault) 1 Ion below the Chelungpu fault. Is it 
worthwhile to try and reach that structure? For 
seismic hazard studies, it may be important to 
understand the slip history of the Sanyi thrust.

For monitoring experiments after the borehole(s) 
is drilled, the main objective would be to study the 
healing processes. We will need to take time- 
dependant physical properties, water chemistry 
and temperature measurements. If healing 
processes occur very quickly (within a few years, 
as suggested by some recent studies) it may 
already be to late to monitor the changes. 
However, studying healing process will provide 
us important information on the fault model.

Several people emphasized the need for detailed 
site surveys before drilling. 3D seismic 
experiments were discussed, although the cost and 
logistical access to some of the areas may be 
prohibitive. Other geological and geophysical 
surveys will be necessary to gather as much 
information as possible about the fault, before 
actual drilling begins.

efforts, such as IODP/OD21.
We also discussed the importance and the

possibilities of technology transfer and science 
exchange among these projects.Several 
knowledgable people were designated for 
provide information to complete this task.
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Present Status Science Goals Target Site Downhole Measurement
Nojima Boreholes 

drilled by 3 
groups

lsl active fault 
drilling just 
after a large 
earthquake

Nojima fault, Awaji 
Island, Japan
Site 1:2 m slip
Site 2: one end of the 
fault

Borehole measurements 
Monitoring:
Injection experiment

Chelungpu 2 shallow 
boreholes 
drilled

Mechanism of 
large slip

Chelungpu fault: 
Large fault 
displacements site in 1 
and small displacemei 
site in South

SAFOD Pilot hole ( 2 
km) in 2002.
3 km downhole 
observatory.

Repeated
earthquakes

San Andreas fault, 
Parkfield

Developing precise 
imaging
Downhole obsen’atory

ODP/IODP
Nankai

Several ODP 
legs
(ODP Leg 196)

Offshore Nankai 
Trough:

Splay fault Decolleme 
Nucleation zone

The state of the art systen 
Monitoring

Corinth Fluids-faulting Gulf of Corinth 
Onshore/offshore 
~10 km
Normal fault

Hydraulic, mechanical, 
geochemical and 
geological data

II. Followup to this workshop

1. The organizing committee for this workshop 
will continue to serve as a steering committee for 
the project.
Supervisors:
Masataka Ando, Yi-Ben Tsai, Kiyoshi Suyehiro, 
Mark Zoback
Chien-Ying Wang, Kuo-Fong Ma, Jih-Hao Hung, 
Hisao Ito, Jim Mori, Wonn Soh, Steve Hickman, 
Jim Evans, Bill Ellsworth, Serge Lallement.

2. There will be a meeting to show the results 
from shallow drilling project. The conference will 
either in Taiwan or Japan sometime in early next 
year.

The cores from the shallow boreholes will be 
available to public in October. Please contact 
Hidemi Tanaka at Univ. of Tokyo or Chien-Ying 
Wang at National Central University. For

information, on how to obtain core samples from 
the shallow boreholes, see the webpage at the 
Kyoto University.

3. Some of the American participants were unable 
to attend the workshop because of travel 
restrictions following the terrorist incidents in the 
US. A follow-up meeting will be held on Dec. 15 
in Menlo Park, California so that Americans can 
be included in the discussions of this project.
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Scientific Drilling at the Bosumtwi Impact Structure,
Ghana, West Africa

Introduction
Lake Bosumtwi is located in 2.1 
Ga Pre-cambrian metasedimentary 
and metavolcanic bedrock in the 
forest zone of southern Ghana 
(centered at OboSOTSl and 
01o25'W). It is a well-preserved 
1.07 Ma complex impact crater that displays a 
pronounced rim and is almost completely fdled by 
the 8 lan diameter, 78 m deep lake. Bosumtwi is 
one of only 18 currently confirmed African 
impact craters, and one of only four known impact 
craters associated with tektite strewn fields in the 
world.

Overview of Bosumtwi crater location and relation to 
Ivory Coast tektite strewn field (C. Koeberl).

Recent investigations
Lake Bosumtwi has been known to the scientific 
community since late last century, but its origin 
was the subject of a controversy until the 1960. 
However, recent petrological and isotope 
geochemical studies on tektites, impact breccias, 
and target rocks have clearly shown the presence 
of impact-related features and a meteoritic 
component. Numerical simulations are now 
capable of reproducing the formation of impact 
melt from the upper 50 m of target rocks, from an 
c. 500 to 1100 m impactor.

New insights into the impact-generated 
structure of the crater, and the 
distribution and nature of ejected 
material and post-impact sediments are 
derived from recent geophysical work 
comprising aeromagnetic and airborne 
radiometric maps, multi-channel 

seismic reflections profiles, and gravity studies.

Tektites

Melt

Numerical modeling of the initial stage of the Bosumtw 
impact crater (Artemieva, 2002)

Beside its unique importance as well preserved 
young example of impacts, Lake Bosumtwi is a 
closed-basin lake that has accumulated varved 
sediments with very broad paleoclimate 
significance and a detailed paleo-environ-mental 
record. The lake is at an ideal geographical 
location to provide data on past interannual to 
orbital-scale variations in the West African 
monsoon and Sahel drought. The Bosumtwi 
sediments can be used to monitor both local and 
Sahel rainfall variations. Rainfall over much of 
sub-Sahara Africa was highly correlated on 
centennial and longer time scales. Existing short 
cores have provided evidence that long cores will 
allow the examination of rainfall linkages over all 
time scales. Such data will benefit not only 
Ghana, were rainfall-dependent agriculture 
contributes to more than 50% of the gross 
domestic product, but also the large populations of
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the entire sub-Sahara region of West Africa. 
Multichannel seismic reflection profile (top) with 
interpretation (bottom), from Scholz et al. (2002)

Multichannel seismic reflection profile (top) with 
interpretation (bottom), from Scholz et al. (2002)

A complex record of changes in lake level, lake 
chemistry, climate, and vegetation history has 
been documented in the up to 17 m long cores. 
This pioneering work includes some of the best 
records of low-latitude environmental parameters 
and abrupt change of the African monsoonal 
system. Newly acquired high-resolution single 
channel seismic reflection profiles, in conjunction 
with piston cores, promise an even broader 
paleoclimate significance. The varves have been 
proven to be annually laminated due to strong 
climate forcing at the site and have been dated 
radiometrically. Many proxies provide direct 
insight into lake level or rainfall and can be highly 
resolved up to decadal changes. Paleomagnetic 
data provide hints to dust flux and hence past 
hydrologic change in the Sahel.

Goals of the planned drilling project
Bosumtwi is an important and almost unique site 
for impact and paleoenvironmental studies. A

large number of questions can be answered by an 
integrated drilling project. The motivation for 
drilling includes two main aspects:
- to obtain detailed information on the subsurface 
structure and crater fill of one of the best 
preserved large young impact structures, to 
correlate these data with the geophysical studies 
that were recently completed or are in progress, to 
determine the presence and composition of melt 
bodies in the crater fill, and to perform 
comparative geochemical (including iso-topic) 
and petrographical studies of the crater fill 
breccias, possible melt rocks, basement rocks, and 
known ejecta;
- to obtain a complete paleoenvironmental record 
over the duration of one million years in an area 
for which so far only limited data exist; i.e., to 
gain a detailed understanding of the long-term 
variations in the West African monsoon.

To define the goals of such a deep drilling project, 
a workshop (which was financially supported by 
ICDP) was convened at the GeoForschungs- 
Zentrum Potsdam in September 2001.

Photomicrograph of Bosumtwi sediment varves (mm 
scale on right side of image). Although there appear to 
be at least two varve-forming mechanisms operating 
over time at Bosumtwi, both appear to be annual 
throughout cores (image: J. Overpeck).

The results of this effort is summarized in two 
tables, which list first- and second-order scientific 
questions that can only be answered by a deep 
drilling program. This is clearly an 
interdisciplinary program, because the impact and 
paleoenvironmental goals can only be answered 
together.
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Table 1: Bosumtwi Crater Drilling: Goals from the Impact Perspective

IMPORTANCE OF BOSUMTWI
• Largest young impact structure known on Earth
• Extremely well preserved (and accessible)
• All pre-drilling, site surveys already finished
• One of only 4 craters with tektites
• Only the Ries crater (Germany) has been studied in similar detail (larger, older, and much more eroded)

DRILLING PROGRAM GOALS
CRATER MORPHOLOGY AND GEOMETRY STUDIES
• Determine crater depth (apparent and to basement)
• Determine structure of central uplift
• Characterize target stratigraphy (central uplift stratigraphy)
• Measure post impact modification processes and effects (e.g., slumping)
STUDY OF CRATER FILL BRECCIA AND MELT ROCKS
• Determine if melt rocks are present
• Quantification of melt volume and breccia volume
• Origin of various impact breccias, constraints on cratering process
• Determine source rocks for tektites and fallout suevite
• Determine meteoritic component in crater-fill breccia and melt rocks
• Determine meteorite type
• Occurrence of dyke breccias / pseudotachylitic breccias
• Comparison between fall-out and fail-back breccias
• Refine crater age from dating of impact melt
• Internal breccia stratigraphy
• Study clast population
• Melt breccias occurrence and distribution
• Origin of melt rocks
• Search for 0.8 Ma Australasian tektite (microtektite) occurrences in crater-fill sediments
GEOPHYSICAL STUDIES
• Provide ground-truth for inferences drawn from previous aeromagnetic and other geophysical studies
• Petrophysical data for interpretation of gravity and magnetic models and seismic studies
• Obtain boundary conditions for modelling calculations
SHOCK METAMORPHISM STUDIES
• Study of shock deformation within central uplift, including crater floor
• Distribution through core of different grades of shock metamorphism: origin of ejecta clasts/melt, implications for 

cratering physics
• Carbon content in basement rocks and breccias
• Search for impact diamonds
• Search for shocked zircons
• Paleomagnetic study of shocked rocks and melts
STUDY OF POST-IMPACT EVENTS
• Search for possible evidence of other <1 Ma impact events (Australasian tektites) in post-impact sediments
• Study the interface between fail-back breccia and lake-fill sediments
• Study possible post-impact hydrothermal system
• Examine hydrothermal mineralogy and isotope systematics
• Metamorphic as well as hydrothermal overprint on crater floor and sub-crater strata
• Thermal profile of post-impact heating
• Search for chemical/fossil evidence of post-impact life forms
• Astrobiological implications (extreme environments and extremophiles)
• Implications for regional impact-induced destruction and localized trauma to living systems
• Climatic influences from impact-event
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Table 2: Bosumtwi Crater Drilling: Goals from the Paleoenvironmental Perspective

IMPORTANCE OF BOSUMTWI
• Longest & most cited continuous paleoenvironmental record in West Africa
• One of very few long high-sedimentation-rate varved sediment records in the world
• Proven recorder of hydrologic balance and terrestrial ecosystem variability (highly relevant to human systems) - the 

only such record in West Africa that is varved
• Likely recorder of Sahel aridity and tropical Atlantic sea-surface temperature variations - the only such record in 

West Africa or the western tropical Atlantic that is varved, and thus relevant to human systems
• Possibly the only high-resolution recorder of desert dust export from West Africa
• Best possible record for study of long-term ocean-atmosphere-land surface interactions in W'-Africa
• Uniquely valuable record for reconstructing and understanding secular variations in atmospheric radiocarbon, as well 

as the variations in solar output and ocean circulation that cause these variations
• West African location ideal for helping to understand environmental influences on human and societal evolution over 

the last 1 million years.
DRILLING PROGRAM GOALS
ASTRONOMICAL-SCALE ENVIRONMENTAL VARIABILITY
• Transfer astronomical theory to land, and to climate variability that impacts society
• Determine exact lags and leads between insolation forcing, tropical climate, and Atlantic-wide change
• Quantify the sensitivity of tropical climate to changes in global climate forcing (i.e., insolation)
• Determine the relative influences of external astronomical forcing to impacts of changes within the climate system 

(e.g., ice-sheets, ocean circulation change, atmospheric trace-gas and aerosol changes)
MILLENNIUM-SCALE VARIABILITY AND ABRUPT CLIMATE CHANGE
• Establish new level of geochronological precision using an integrated varve-radiocarbon-paleomangnetic approach to 

study interannual to millennial-scale variability over 106 years
• Detail impacts of late Quaternary abrupt change (Heinrich & Dansgaard-Oeschger events) on tropics
• Quantify roles of tropically regulated trace-gases (e.g., CH4) and aerosol in abrupt change dynamics
• Measure the impacts of H and D/O events on atmospheric radiocarbon, use to unravel ocean dynamics.
• Determine the rates of ecosystem response and recovery to abrupt events 
INTERANNUAL - TO CENTURY-SCALE CLIMATE VARIABILITY
• Quantify response of regional (tropical and Sahel) interannual- to century-scale hydrologic variability to full range of 

altered climate forcing
• Test instrumental-based hypotheses regarding ocean forcing of West African monsoon variability, including during 

interglacials warmer than the present day
• Provide first detailed 40,000 record of solar-climate interactions
• Provide first African record of interannual to decade-scale variations associated with H and D/O events 
TROPICAL ECOSYSTEM DYNAMICS AND BIOGEOCHEMISTRY
• Measure the rates and patterns of terrestrial ecosystem response to climate shifts over all time scales
• Quantify Bosumtwi limnological response to the full range of possible climate variability
• Define similarities and differences between present-day Bosumtwi systems (upland/aquatic) and pre-anthropogenic 

"natural" system
• Test role of tropics in modulating atmospheric trace-gas (e.g., CH4) and aerosol (e.g., desert dust) concentrations
• Examine relationships between climate variability, land-use and land-cover change, but locally in Ghana, and also in 

the Sahel to the north
• Produce record of dust aerosol export from Africa to S and N America; associated ecological/ biogeochemical 

impacts
HUMAN-ENVIRONMENT INTERACTIONS
• Establish environmental context for human population dynamics and societal change in Ghana and Africa
• Differentiate human from non-human influences on regional land-cover, terrestrial ecosystems and the lake 
HYDROCARBON SYSTEM AND SOURCE ROCK DYNAMICS
• Quantify processes of hydrocarbon generation
• Refine understanding of lake sediment gas dynamics
• Ground-truth geophysical interpretations and improve methods of geophysical exploration in lakes
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El'gygytgyn Lake Workshop:
Science Results & Plans for Deep Drilling

The polar regions are known to play a major role 
in the global climate system influencing both 
oceanic and atmospheric circulation through 
strong feedback interactions involving ocean, 
atmosphere, cryosphere, and terrestrial processes. 
One approach towards the understanding of ice- 
land-ocean interactions to evaluate the Arctic 
climate system, as well as linkages between the 
Arctic and the global climate, is to compare 
glacial, terrestrial, and marine archives over 
several glacial/interglacial cycles when 
Milankovitch-forcings and northern hemisphere 
boundary conditions were not always same. Long 
high-resolution paleoclimate records are available 
in the Arctic from the Greenland Ice Sheet and 
long marine records, generally having lower 
temporal resolutions, have been recovered in the 
Arctic and sub-Arctic oceans. In contrast, no 
continuous terrestrial record exists from the Arctic 
with a comparable time resolution and duration.

Such a terrestrial record can be recovered from 
El'gygytgyn Lake, in northeastern Siberia, and it 
provided the impetus for an ICDP workshop to 
explore the potential of future science at this site. 
Twenty-six scientists from 4 countries met Nov. 
9-12, 2001, in Amherst Massachusetts, USA, to 
discuss past and future research plans at 
El'gygytgyn Crater Lake, northeast Siberia. The 
focus on of the workshop was to sketch an initial 
blueprint of the science to eventually justify deep 
drilling. Science presentations by most of the 
participants were followed by discussions for 
framing the scope of a science management plan, 
a list of serious logistical considerations, and a 
political roadmap for accomplishing the collective 
goals of such an international project.

Lake El'gygytgyn is located in northeastern 
Siberia, ca. 100 km to the north of the Arctic 
Circle (67°30' N, 172°05' E). The bathymetry is 
that of a deep, flat-bottomed bowl with steep sides 
to depths of 150 m grading across a low sloping 
floor to the deepest point in the center at 170 m.

Lake level lies at 492 m a.s.l. and it is surrounded 
by hills outlining the crater rim rising to about 850 
- 950 m a.s.l. About 50 streams drain into the lake, 
all being less than about 7 km long.

Location of El’gygytgyn Lake in the Chaun District of 
Chukokta, Russia

Bedrock and Impact Science
The impact origin of the crater has been 
questioned by only a few. Paul Layer opened the 
meeting with a review of the regional bedrock and 
tectonic setting for El'gygytgyn Crater within the 
Okhotsk-Chukotka Volcanic Belt. While the 
volcanic stratigraphy in the vicinity of Lake 
El'gygytgyn dates from ~90 Ma down to -67 Ma 
based upon newer 40Ar/39Ar whole rock ages, 
the impact-melted volcanic rocks consistently date 
to 3.58 Ma (Layer, 2000). This tight age control, 
the presence of glassy bombs and shock- 
metamorphosed quartz and the concentric 
fractures and reverse faults surround Lake 
El'gygytgyn lend persuasive support to the impact 
origin of the basin (Gurov et ah, 1978; Masaitis, 
1999). The chemistry and morphology of 
spherules collected from streams surrounding the 
basin are also typical of those found in other 
impact sites, like the Arizona Meteor Crater and 
the area surrounding the Zhigansk iron meteorite 
impact (Smirnov et ah, this meeting). David
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Stone then presented some generalized model 
simulations of the impact process that produced 
an estimate of 1.57 km for the diameter of the 
bolide with an impact velocity in the range of 
25km/sec (or nearly 56,000 mph). Though the 
models are admittedly rudimentary, he suggests 
that the volume of material ejected from the crater 
was about the same as that ejected with the 
eruption of Katmai in 1912, the largest eruption of 
the 20th century. Despite an immediate fall out of 
breccia, Stone asserted that a significant portion of 
fine melted eject probably made it into the 
stratosphere eventually producing a recognizable 
horizon for some hundreds of kilometers 
downwind of the impact. Smirnov et al. (this 
meeting) then went on to speculate that Laghemy 
Creek, the largest drainage of the crater, might 
actually represent a second, nearly simultaneous 
impact. Though not impossible, most agreed that 
the hypothesis needs further testing with 
additional study of the impacted rocks and local 
fracture systems.

800 600 400 meters

Digital Elevation Model of the El gygytgyn Crater (by 
Matt Nolan, University of Alaska, Fairbanks

The conference greatly benefited from the 
presence of Christian Koeberl who is an integral 
partner in the Bosumtwi Crater project and chair 
of the European IMPACT program (Response of 
the Earth System to Impact Processes). Koeberl

outlined the ongoing science program at 
Bosumtwi and provided a description of the 
research management structure. As young impact 
craters, we acknowledged the striking scientific 
parallels between Bosumtwi in the heart of Africa 
and El'gygytgyn in the heart of Chukotka. 
Notably similar is the motivation for collaborative 
study intensely focused on the retrieval of a long, 
continuous paleoclimate record coupled with 
impact studies.

Impact studies and paleoclimatic investigations of 
the sediment fill are intimately linked by defining 
the seismic architecture of the original crater floor 
and the character and thickness of the overlying 
unconsolidated deposits. Frank Niessen reviewed 
the air gun seismic and 3.5 kHz echo-sounding 
data collected at the lake during the summer of 
2000. Equipment limitations prevented precise 
definition of a central uplift peak typical of larger 
craters and there remain significant differences of 
opinion about its exact location. However, 
existing data supported by refraction seismics 
using sonobuoys suggest that the sediment fill is 
on the order of 350 to 400 meters. A real need 
was identified for detailed pre-drilling gravity and 
seismic site surveys to determine the location of 
the central uplift. These data will determine the 
future location of cores to optimize the science 
return for both impact and paleoclimate studies.

Modern processes and Paleoenviron-mental 
science
The strongest impetus for research at El'gygytgyn 
Lake comes from the potential for paleoclimatic 
studies at millennial and finer timescales. 
Because El'gygytgyn basin was never glaciated in 
the late Cenozoic, the potential is high for 
eventually recovering a continuous record of 
arctic climate evolution over the past 3.6 million 
years, since the time of impact. The 13-meter 
record retrieved from the Lake in 1998 extends 
back 300 ka and is already the longest most 
continuous terrestrial record in the Arctic. Work 
to date demonstrates that the magnetic 
susceptibility record in this lake mimics major 
millennial scale events recorded in the first 110 ka
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of the Greenland ice sheet isotopic record. 
Nowaczyk et al. (2002) and Brigham-Grette et al. 
(submitted) show that the magnetic susceptibility 
record is largely controlled by oxic/anoxic shifts 
which are in turn governed by changes in lake ice 
cover as dictated by changing climate implying 
circum-arctic teleconnections.

The seismic data presented by Frank Niessen 
clearly show the presence of debris flows from 
around the margins into the center of the lake at 
various times in the past. Cross profiles suggest 
however, that a large area in the center of the lake 
in the vicinity of the 1998 core site is free of 
debris flows at least in the upper 160 meters of the 
sediment record. The upper 160 m of sediment is 
characterized, in general, by well-stratified 
reflectors whereas the lower part of the sediment 
fill appears more massive. By extrapolating the 
sedimentation rates documented in the cores 
retrieved to date, the timing of this transition from 
massive to well stratified sedimentation may 
coincide with significant arctic cooling, the 
aggradation of permafrost, and the onset of cyclic 
glaciation of the Northern Hemisphere. 
Sedimentation rates in the massive sequence could 
be as much as twice the rates seen in the upper 
part of the cores, offering a high resolution record 
of this significant global climate shift from a ice- 
free, forested arctic ecosystem to a tundra and ice 
dominated ecosystem.

Modem processes operating at the lake provide 
our best index of how the lake works as a system 
today and how it may have operated under 
different climatic conditions in the past. Matt 
Nolan reviewed what we know of the limnology, 
watershed hydrology, and local meteorology as 
they relate to the surface energy balance. Based 
upon remote sensing data collected over the past 
three years (ERS-2, Radarsat-1 and Landsat-7 
scenes) he and others have developed a 
comprehensive understanding of the seasonal lake 
ice dynamics at El'gygytgyn (Nolan et al., in 
press). These data are essential since the duration 
of ice cover and the onset of breakup is critical to 
understanding proxies of climate change from the

sediment archive and to planning for future 
drilling operations using the ice cover as a 
platform. Intriguing are the observation of a 
consistent pattern in the concentration of bubbles 
in the ice canopy from one year to the next. 
Should these bubbles contain methane or carbon 
dioxide, this pattern may be mirroring an 
important pattern of biogeochemical processes 
ongoing at the sediment/water interface. Nolan 
also outlined the notion that brecciated rocks and 
sediments beneath the lake presumably form a 
talik possibly providing a large thawed conduit to 
the surface for deep ground waters and possible 
gas hydrates.

Modem processes in the lake basin operate across 
a spectrum of subtle terraces and large alluvial 
fans related to the changing lake levels since the 
time of impact. Fifty streams enter the lake today 
from the crater rim and Olga Glushkova has 
produced a detailed surficial map of the basin and 
all of its drainages using aerial photographs. In 
previous work Glushkova and others described the 
stratigraphy and geomorphology of a nested series 
of fluvial terraces found some 30 km downstream 
on either side of the exiting Enmyvaam River 
dating back to the time of impact. These terraces 
provide cmcial evidence that the outlet to 
El'gygytgyn has downcut over time and that the 
basin doubtlessly became an open lake system 
shortly after the time of impact. Glushkova and 
others outlined their most recent work on 
sediments that accumulated on terraces around the 
lake margin lying some 12 m or less above 
August lake levels. Radiocarbon dates and pollen 
assemblages indicate the presence of sediments 
dating from MIS 3 up through the Holocene. 
These pollen sequences are especially important 
for comparison with pollen assemblages taken 
from the lake sediments, themselves.

The remainder of the session consisted of a series 
of talks outlining the original data and 
interpretation of a variety of proxies measured on 
cores taken in 1998 to understand the integrity of 
the paleoclimatic record found in the lake. Pavel 
Minyuk summarized his analyses of the inorganic
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geochemistry of the sediments. His data show 
that the concentration of a number of rare 
elements (especially Sr) and oxides (especially 
Ti02 and K20/Ti02) shift in parallel with 
climatically defined marine isotopic stages 
indicating systematic shifts in weathering and/or 
eolian sources. Martin Melles then reviewed the 
organic geochemistry and the significance of 
systemic changes in TOC, TN, TS, Biogenic silica 
(opal) and the dl3C of TOC. Extrapolating from 
the simple notion that the lake record we see 
represents two end-members of climate shifting 
from warm interglacial conditions to cold dry 
glacial modes, Melles suggested two additional 
modes from the data reflecting warm intermediate 
interglacial conditions and alternating wetter cold 
periods with more snow fall. These additional 
modes at least in theory capture possible changes 
in biological productivity (esp. diatoms) as 
reflected by subtle shifts in biogenic opal. 
Anderson and Lozhkin then summarized the work 
they had completed on palynology of the 
lacustrine sediments using major assemblage 
shifts in vegetation to define inferred climatic 
change, and discussed the chronological 
information that can be derived from the 
palynological data. The down core diatom 
assemblages were characterized by Marina 
Cherapanova who has identified 232 taxa and 
separated the core into 10 biostratigraphic units 
related to climatically driven limnological 
change. Celeste Asikainen summarized her 
sedimentological research on the upper 370 cm 
of the cores and how shifts in the relative 
percentages of chlorite and illite/smectite 
actually track shifts in climate. These data 
imply that weathering processes on the 
landscape respond quickly to changes in 
atmospheric conditions. In collaboration with 
Asikainen, Pierre Francus outlined what has 
been learned so far from sediment thin sections 
and reviewed the potential of detailed image 
analysis for retrieval of grain-size, bioturbation, 
and quantitative sedimentary fabric. The 
differences between laminated and non- 
laminated facies in the cores are not only related 
to the presence or absence of minor bioturbation

but also to the shape and size of the sedimented 
grains.

The paleoclimatic record derived from any lake 
core is only as reliable as the geochronology on 
which it is based. The chronology of existing 
cores from El'gygytgyn (Nowaczyk et al. 2002) 
has been established using magnetic properties 
(magnetic susceptibility and event stratigraphy) 
and palynology anchored with numerical ages 
based upon optically-stimulated luminescence 
(OSL) dating and AMS-14C dating of bulk 
sediments. Steve Forman reviewed the processing 
and results of eight samples dated by OSL and 
Brigham-Grette then reviewed the context of six 
14C ages in light of the OSL ages and other 
geochronology. The uncorrected 14C ages are 
consistently older than the OSL age estimates by 
2,000 years and the conversion of these dates to 
calendar ages makes them 4-5,000 yrs. too old. 
These dates, completed on the bulk sediment 
humic fraction, are easily dismissed as too old due 
to the well-known residence time of soil organic 
matter in permafrost. Eight new radiocarbon ages 
are currently being processed on plant 
macrofossils extracted from shallow gravity cores 
and it is anticipated that these new dates will help 
resolve the issue.

Topographic map merged with Digital Elevation Mode 
(Matt Nolan, University of Alaska, Fairbanks)
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Emerging Themes
Two emerging themes from the workshop focused 
on (1) the unique paleoclimatic history and 
potential of the lake sediments and (2) impact 
studies of the crater origin and bedrock 
stratigraphy. Lake El'gygytgyn is the only place 
in the terrestrial Arctic with a continuous 3.6 
million year climate record, and such a record is 
required to fully understand the Arctic's role in 
global climate dynamics. Of primary interest is 
determining why and how the arctic climate 
system evolved from a warm forested ecosystem 
into a cold permafrost ecosystem between 2 and 3 
million years ago. A continuous depositional 
record in the lake at this latitude provides a means 
of determining from a terrestrial perspective how 
the arctic climate evolved and adjusted from 
Milankovitch-driven glacial/interglacial cycles 
every 41ka and later every lOOka. Our present 
understanding of the lake as a system suggests we 
can interpret higher resolution climate change 
events across eastern Siberia on centennial to 
millennial scales and test for atmospheric 
teleconnections with other long climate records 
worldwide. Such comparisons may offer insight 
into the dynamic mechanisms behind these 
teleconnections or the lack thereof, and an 
understanding of the conditions for permafrost 
formation and stability through time, especially in 
the context of modem warming.

Physical access to remote El'gygytgyn Crater 
offers the impact science community compelling 
reasons for collaboration in this research effort. 
El'gygytgyn crater is unequaled on Earth because 
of its well-preserved morphology found in 
volcanic target rocks, offering new insights into 
planetary cratering processes. What can be 
uniquely learned from this region is how igneous 
target rocks respond to impact at shallow and deep 
levels and just how bolide composition influences 
crater morphology and genesis. Such studies will 
provide the basis for important inferences related 
to cratering processes on Mars. Moreover, impact 
studies offer the potential for identifying 
instantaneous geochemical markers from 
El'gygytgyn within distant depositional 
environments, such as the Arctic Ocean, to better 
understand regional or global significance of the 
impact itself on pre-impact climate. Deep drilling

into impact rocks may also offer unique study 
opportunities for astrobiologists concerned with 
the origin of life in our solar system and its 
evolution.

Links to other programs
The research at El'gygytgyn is easily linked in 
scope with a variety of existing national and 
international projects and programs with parallel 
science goals. These include Arctic System 
Science (ARCSS) programs under the jurisdiction 
of US National Science Foundation's Office of 
Polar Programs such as the Paleoclimate of the 
Arctic (PARCS), The Russian Arctic Shelf 
Initiative (RAISE), and Circum-arctic Hydrology 
and Mapping Project (CHAMP). Ocean drilling 
for long records in the high latitudes is the focus 
of the International Nansen Arctic Drilling 
Project. The geographic location of El'gygytgyn 
Lake places is it at the northern end of the Asian 
Pole-Equator-Pole transect, which is a major 
effort of the International Geosphere/Biosphere 
Program's on Past Global Changes (IGBP-PAGES 
- PEP2 Transect). The particular transect includes 
Lake Baikal and the higher resolution focus of the 
CONTINENTal project. The PAGES program 
also facilitates CircumArctic PalEoclimatic 
(CAPE) syntheses of data linking the northern end 
of all three PEP meridonal transects. The 
Quaternary Environments of the Eurasian North 
program (QUEEN) funded by the European 
Science Foundation is near completion but its 
focus has been on interdisciplinary field programs 
and syntheses of the paleoclimatic history of the 
Russian arctic from Taymyr Peninsula and the 
Laptev Sea westward to Scandinavia.
The impact and astrobiology science community 
with links to NASA have great interest in 
El'gygytgyn. Equally exciting is the potential for 
partnerships via the European Science Foundation 
IMPACT program as well as comparative studies 
with the ICDP - Bosumtwi Project in Ghana.

This workshop established an international 
scientific party with broad interests into the 
investigation of its sediment fill and underlying 
impact rock sequences in the coming years. A 
science management team consisting of Julie 
Brigham-Grette (USA), Martin Melles
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(Germany), Pavel Minyuk (Russia) was identified 
and a plan was outlined for future operations 
management and political networking. It was 
agreed that current and future data sharing will be 
coordinated through Norbert Nowaczyk, GFZ. 
An ambitious schedule of critical milestones were
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Ikonns -Im Multhpoctral I):

Lake El gygytgyn

Location: 67.5°N, 172°E 
Lake Area: 110 km2 

Max. Depth: 175m 
Volume: 14.1 km3 

Crater Area: 293 km2 
Vertical Mixing? Yes, Isothermal 

Temperature: ~ 3° C
f Inlet Streams: - 50
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Progress on the pilot-hole of Chinese Continental Scientific Drilling

CCSD drilling Irig with parts of the field lab buildings

After 264 days of coring the pilot 
hole of Chinese Continental Scien
tific Drilling project (CCSD-P) 
reached a final depth of 2025 m on 
April 8, 2002. The project started 
on June 25, 2001 in the village of 
Maobei in Donghai County, 
eastern China. The main target of 
the CCSD project is to drill a 5000 
m deep hole at the same location 
into the Sulu ultrahigh pressure 
metamorphic belt in order to better 
understand the subduction and 
exhumation history of the 
convergent boundary between the 
North China Plate and the Yangtze 
Plate. Multiple data collection from 
cores, cuttings, fluids, gas and logging is 
currently going on. A three dimensional 
seismic reflection experiment has been 
completed and data processing is underway. 
Furthermore, additional well-logging and 
geophysical measurements in the vicinity of 
the well will be performed during the 
forthcoming weeks. We summarize here in 
brief the advanced techniques used for 
drilling and the progress in core logging.

Advanced techniques
A new drilling technology was adopted for the 
continuous coring operations performed during 
drilling of the pilot well. The down-hole coring 
system comprised a positive displacement motor, 
a hydro-hammer system and various impregnated 
diamond core bits. This combination generated a 
higher rate of penetration (ROP) and a lower 
degree of borehole deviation in comparison to 

traditional diamond coring 
systems. According to drilling 
statistics, the ROP could be 
increased by 50 %. 3 m long core 
barrels were used, core recovery 
was about 88% and the longest 
core had a length of 2.94 m. At 
the depth of 1890 m, the 
borehole inclination is just 3.3°, 
much smaller than that of the 
neighboring prepilot-hole, CCSD 
PP2, with the final depth of 
1028m. By using the advanced 
ECLIPS-5700 geophysical bore

hole logging system, a comprehensive logging 
program including 18 different logging tools and

0 -ar—

1 20 39 58 77 96 115 134 153 172 191 210 229 248 267 286
days since spud in

Drilling progress of the CCSDP pilot hole
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methods have been applied at depths of 101, 500 
and 1200 m.

Some of the long intact drillcores recovered

Progresses in core logging
The recovered cores have been investigated in

detail in the on-site field laboratory. After 
correction of depth and orientation, for example, 
the different initial core description parameters are 
stored in the ICDP Drilling Information System. 
For interpretation and evaluation purposes each 
parameter is usually depicted graphically in depth 
related columns, such as: lithological column, 
structural column, optical scan image column, 
gamma-ray record column or mineralization 
column. According to this core description and 
interpretation the drilled lithology in the first 
1500 m comprises: (1) a dominant eclogite and 
rutile-eclogite from 0 - 600 m, (2) peridotite with 
layers of eclogite from 600 to 730 m, (3) gneisses 
with a thin layer of peridotite from 730 to 930 m, 
(4) gneisses with eclogite and minor amphibolite 
from 930 to 1080 m, and (5) a major orthogneiss 
unit between 1080 to 1500 m. Very high methane 
anomalies were recorded at depths of 390 and 
1300 m, respectively, while a high-gamma ray 
anomaly, which is related to a high uranium 
concentration, was observed at a depth of ~500 m. 
Special core samples were taken immediately 
after core recovery in search of living bacteria 
from deeper parts of the well.
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The Mallik Research Well:
Scientific studies of methane hydrates of the permafrost realm

Gas hydrates are ice-like solid materials that have 
a cage-like arrangement of water molecules 
containing natural gas. Geophysical evidence, 
drilling, and direct observations have in recent 
years corroborated the vast occurrence of natural 
gas hydrates within continental slope sediments: 
On the continents, these unusual hydrocarbon 
occurrences are associated with areas of thick 
arctic permafrost. Scientific and economic interest 
is increasing in gas hydrates because estimates 
suggest the worldwide methane content of gas 
hydrate masses to about twice the total reserves in 
conventional and unconventional coal, oil, and 
natural gas. As a potential greenhouse gas, 
methane and its possible role in the global carbon 
cycle, has attracted considerable scientific 
interest.

The Mallik drill site in winter 2001/2002

An ambitious research program on continental gas 
hydrates is now being based on three new 
boreholes in the Mackenzie Delta, North West 
Territories, Canada. Two 1188 m deep 
observation holes (5-1/2" casing), and one 1166 
m deep production research well (7" casing) were 
drilled during late December 2001 to mid March 
2002. Both observations wells are just 40 m apart 
from the main test well in order to image and

monitor the production testing at ~ 900 to 1100 m. 
The hydrate interval in the main well was 
continuously cored using a standard wire-line 
coring system. Approximately 200 m of core with 
a minimum of drilling-induced disturbance was 
collected, allowing characterization of hydrate- 
enriched clastic sediments, non-hydrate interbeds 
and lower free gas and basal sequences. Visible 
gas hydrates in the core occurred in a variety of 
forms.

-180° -110° N

Location of the Mallik site in Northern Canada

The science and engineering research objectives 
of this project are:
1. Geological, geophysical, geo-chemical, 
microbiological and geo-mechanical properties of 
gas hydrates
2. Kinetic/thermodynamic response of gas 
hydrates during dissociation to temperature and 
pressure forcing
3. Production technology research and 
investigations of the stability of continental gas 
hydrates to climate change
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4. Regional geology, geophysics and bio-geologic 
studies to assess regional hydrocarbon setting and 
sources for gas generation.

The main research program at Mallik is funded by 
partners from Canada, Japan, USA, Germany and 
India (Japan National Oil Corporation, GeoFor- 
schungsZentrum Potsdam, the Geological Survey 
of Canada, United States Geological Survey, 
United States Department of the Energy, Gas 
Authority of India/ Oil and Natural Gas 
Company). Through support to four principle 
investigators (the authors of this contribution), 
ICDP has played a key role to enable a 
substantially expanded scientific program with 30 
new research projects in the area of fundamental

gas hydrate science, geo-physics, geochemistry 
and general core studies.

The scientific program is coordinated through the 
Geological Survey of Canada. The field operator 
for the work was Japex Canada Ltd. Further 
information on the project is available through the 
ICDP web site and www.gashydrate.com.

Reference:
Baltimore SR, Collett TS, Weber MH, & Uchida T, 
2002: Drilling program investigates permafrost gas 
hydrates, EOS, in press.

M. Weber, GFZ Potsdam, Germany;
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T. Uchida, Japan National Oil Corporation; Japan.

To learn more: www.icdp-online.org
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Rotating cores: New feature on the web

Optical scans of recovered cores from the current 
ICDP drilling projects in Donghai, China and 
Yaxcopoil, Mexico are now displayed as animated 
3-D views in the ICDP web.

The Operational Support Group maintains three 
mobile core scanners that are usually made 
available during the coring phase at ICDP drilling 
locations. Retrieved intact cores are routinely 
scanned in 360° mode in high-resolution digital 
images, which are transferred to the GFZ Data 
Centre for long-term data archiving and online web 
presentation.

Operators at the Donghai and Yaxcopoil sites 
acquired full 360° scans from the majority of the 
recovered cores. These images show the rock 
fabrics in great detail, however the flattened-out 
images of the drillcore do not easily allow for e. g. 
structural interpretations by the unaided eye. Hence, 
we re-projected the carpet-like core-scans onto a 
cylindrical surface. This was done for a sequence of 
stripes from the core scan. After we pasted them 
together, we obtained a suggestive 3-D-like 
animation of a rotating core piece. These 
animations of rotating cores are now made available

for members of the scientific teams of the 
Chicxulub and Donghai projects. Samples can be 
viewed at:
www.icdp-online.org/html/sites/demo

There are trade-offs between quality requirements 
and web browser capabilities. To maximize 
platform independence, the images are stored in 
the "animated GIF" format. To keep file size 
reasonable, we have chosen to work with a small 
number of frames (n=18, corresponding to a 
rotational step size of 20 degrees), and a delay of 
20 milliseconds. There are also bandwidth issues. 
Watching these animations requires a fast internet 
connection because each animation has a size of 
1-3 MB.

Future plans comprise new features such as 
creating 3-D views of core scans according to 
individual needs (interactive change of rotational 
speed and image size or format) and web 
publication of an interactive version of the 
software. Interested users are invited to provide 
their demands at:
www. icdp-online. org/html/sites/demo.

Knut Behrends, ICDP Operational Support Group, knb@gfz-potsdam.de
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What is ICDP?
The International Continental Scientific Drilling 
Program is a multinational endeavor to further and 
fund geosciences in the field of Continental 
Drilling. Common goals and land-sea projects 
establish a partnership to ODP.

Why ICDP?
Scientific Drilling is a critical tool in 
understanding our planet and its structure. It 
provides direct insight into Earth processes and 
decisively tests geological models. Results 
obtained from drilling projects at critical sites can 
be applied to other areas worldwide. International 
cooperation in continental scientific drilling is an 
essential component for a responsible 
management strategy for the Earth's natural 
resources and environment.

Which problems are adressed by ICDP?
• The physical and chemical processes 

responsible for earthquakes and volcanic 
eruptions

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

• The effects of major impacts on climate and 
mass extinctions

• How' sedimentary basins and resources 
originate and evolve

• How7 ore deposits are formed in diverse 
geological settings

What are the objectives?
• to obtain secure funding for an effective 

planning, implementation and execution of a 
viable strategic drilling program

• to meet scientific objectives of socio
economic significance

• to identify sites for international cooperation 
in scientific drilling and thus

• to provide a cost effective means of answering 
key scientific questions in the ICDP’s priority 
fields

• to ensure that appropriate pre-site surveys are 
canied out

• to provide a core of technical support for 
drilling projects

• to facilitate their efficient planning and 
operation

What arc the advantages?
• focusing of scientific effort on drilling sites of 

global significance (World Geological Sites)
• affordability and cost-effectiveness through 

sharing
• attraction of high quality researchers to topics 

of high national and international priority
• intellectual benefits to all participants arising 

from international cooperation

Themes and projects of the International Continental Scientific Drilling Program
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