GERMAN APPROACHES TO CONTINENTAL DEEP DRILLING
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For most earth scientists outside the USSR, plans for deep continental
crustal drilling seem unrealistic. It will be even harder to convince
money-spending organizations or personalities of their feasibility.
Therefore, we ourselves should continually have in mind an introduc-
tion to lectures that Patrick Winston from MIT uses to sell Artificial
Intelligence: "If you are a skeptic, I want to make you a believer —
and if you are a believer, I want to make you a skeptic."

Aims

As skeptics, we all know that the different catalogues of aims for deep
continental drilling that we would like to achieve have some Utopian
aspects. This may even be true for two general ideas some of us promote
in Germany.

1. Deep continental drilling, as a project for basic science, should
be launched as a demonstration that earth sciences need to become as
important sciences as some others, which spend much more money, but
have a longer tradition of cooperation, such as nuclear physics or
space research.

In Germany, we are stimulated by the historical success of the Deep
Sea Drilling Project and thus some members of the Senate Commission
for Geoscientific Cooperative Research (Geo-Commission) of the Deutsche
Forschungsgemeinschaft (DFG), an organization similar to the National
Science Foundation of the U.S., began relevant discussions in 1977.

A memorandum was presented to our Minister for Science and Technology
(BMFT) in July 1980 and was published as Report XI of the Geo-Commis-
sion in 1981. It was a very timely memorandum because a Peer Committee
of the Ministry was just setting priorities for big projects in basic
sciences such as neutron research, heavy ions, elementary particles,
and synchroton radiation, and they added a research vessel and the
drilling proposal to their discussion.

2. A large project is normally a good tool to focus scientific poten-
tial from different specialities and to expose them to critical com-
ments. Whoever was lucky enough to spend some time aboard Glomar Chal-
lenger will certainly agree.

1Deutsche Forschungsgemeinschaft, Kennedyallee 40, 5300 Bonn 2, FRG

2Institut und Museum fiir Geologie und Paldontologie, Goldschmidtstr. 3,
3400 Gottingen, FRG

Observation of the Continental Crust
through Drilling I (ed. by C.B. Raleigh)
© Springer-Verlag Berlin Heidelberg 1985




3. Specific scientific aims and tasks for deep continental drillers
are listed in many catalogues. Some topics in our list are:

- to explain geophysical crust heterogeneities (as illustrated by
seismic velocities, electric resistance, magnetic properties) by
petrological studies, in situ measurements and laboratory experi-
ments to better calibrate existing or planned geophysical surveys
and to better understand materials and structures of the upper
and lower continental crust, whatever these units may mean.

- to investigate gas/fluid/rock interactions in situ and in’the lab-
oratory by analyzing crustal permeabilities, constituents, trans-
port of the mobile phases to better understand crustal deformation,
metamorphism, magma generation and ore formation, to pay special
attention to the thermal regime in general and around 300°C and
to try to learn for Hot Dry Rock Projects.

- to measure physical parameters in order to expand our knowledge
of stresses in different crust depths, of earthquake mechanisms,
and of geotechnical behaviour of the crust.

- to prepare methods to use the bore-hole as deep crust lab as long
as possible, measuring suitable geophysical or geochemical para-
meters in situ repeatedly. Final depths should be more than
10,000 m.

Site Selection

To meet all these requirements, it would be ideal to drill at differ—
ent sites with different aims, as it is planned in the USA. We try

to concentrate first on a single hole and to select a site to reach
the lower continental crust where we can hope to get some results for
all of the aims mentioned above. After detailed discussions of some
40 site proposals by several working parties and a reduction of four
sites (Figs. 1 and 2), an international workshop in Neustadt/WeinstraBe
(November 1983) recommended to continue geoscientific investigations
in two areas, and to promote further methodological and technological
preparations. Up to now, the DFG has spent 4 million DM from special
funds of the Ministry (BMFT) on some of these scientific preparations
(1981-1983), and will continue to do so. Final decision for the first

drill site is planned in late 1985.

Our central European crystalline basement, as part of our roughly 30 km
thick crust, is as variegated as political Europe and has the same com-
plicated history.

1. Different elements were consolidated during several Precambrian and
during Caledonian and Hercynian cycles (Fig. 3). Parts were repeatedly
remobilized as illustrated by sometimes very long ranges in absolute
age datings.

2. Most of these rocks are buried in Central Europe or are additionally
influenced by Alpine cycles. Bigger outcrops of crystalline rocks are
only to be found in areas uplifted and eroded essentially in Cenozoic
time, as, for example, in the Black Forest and in the forests border-
ing the Bohemian Massif, pbesides the smaller Harz, Spessart, and Oden-
wald mountains (Fig. 4).
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Direct information from covered crystalline rocks from oil industry
bore-holes penetrating the sedimentary sequences or from xenoliths is
rare.

Therefore, in November 1983, the Geocommission and the International
Consulting Committee recommended both an eastern (Oberpfalz = Upper
Palatinate) and a western site area (Schwarzwald = Black Forest) (Figs.
4 and 5) to be further investigated by continuous seismic reflection
and further geological, geophysical, geothermal, geochemical, and pet-
rological exploration. Additionally, shallower holes in both areas
should give better estimates of temperature and, eventually, geochem-
ical gradients. The pre-site surveys are in a final stage now.

Up to now, both areas have their pros and cons depending on the main
aims to be achieved and we have now a neutral situation because, con-
sidering our present state of knowledge, it is easy to predict that
both sites will produce surprises. In both areas mineralizations, ther-
mal and CO» springs are known. In the Black Forest, granulites in the
gneisses signal deeper crustal rocks. The central part is a young up-
lift and very active present circulation of fluids is obvious. But per-
haps interesting messages from the mantle were therefore lost.

The Oberpfalz situation is a more sealed one but perhaps also tectoni-
cally a more complicated one, situated near the boundary (suture line)
oftwoclassicunitsoftheVariscanCentralEuropeanCordillera(seeFig.4L
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Fig. 3. Main Tectonic units of Europe (after Berthelsen 1983) and the
area of the European Geotraverse EGT. (Giese 1983)



1

w007 00¢ 0

salepunoq 9jeld pawnsaid o apelb oiydiowejaw Jo UOISISAUI Ypm

saddeu |ejsnioesjul
(:s1op yoe)q ) saynuesb jo
S925Ua1IN220 Ypm saddeu jo juoly ysniyy S20]q 3]qe}S UBDISLIBA - 31d %

S50]q PojudWIPasSal pue
saddeu |euonjejiaesb Ajjueuiwopaid

sjuawadeidsip jeuonejaeld yum Ajsed
‘saddeu jejsnioeudns

(v86l

*Te 19 aysg I937JV) - (uetuw
—-ope)) UBTSOTTIS-OARIONW °S°W
{(ueTwope)) uespueireg/er1dsl
‘d*5 ! (0TO0Z0OI930Id ISMOT)
u9T3IeDI pue (UBTWOPER)D)
ueTTT90ouUB-OUOUWOd ‘i *d
{(ueTuopaTe)) IJTSSeW Fueqead
/uopuor ‘j*g*7 {uoTbay UueTq
-NUBPTOW O ‘{2U0z ueTbUTINYZ
-0X®eg & 4‘2uoy ueTulkdIayou
-2Uyd FY ‘uoT3doaTp 3Ixodsuell
UTeW SMOJdy *PIeMZIBMUDS pue
zTe3dasqQ 9Yy3 UT HUTTTTIP
doop 2uUTTTe3ISAIO ® I0T (870p
¥ov7q) so3Ts oTqIssod ay3z pue
soxoTdwoo 3snayl Jo sodi3y
TeIxsA9s JO UOT3INQTIISTP YU}
butmoys ‘sdoanyg Teajzus)d JoO
31T9d UBDSTIBA 99Uyl JO SUOTS
-TATPONS TeANIONIARS “§ -HTd



12
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Fig. 5. The German Continental Reflection-Seismic Program traverses
(DEKORP) with the possible deep drilling sites Oberpfalz and Schwarz-
wald. (After Althaus et al. 1984a)
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Research during the late 1970's has revealed, in the Variscan basement,
a pronounced horizontal-tectonic layering, produced by important intra-
crustal thrusts as well as thin-skinned decollement structures. These
results were an important stimulus for the Continental Deep Drilling
concept.

If we look, however, at the heated and ongoing discussion about the
evolution of Western and Central Europe's crystalline basement, it is
pretty sure that one hole and even a detailed geophysical survey around
it will not solve all problems. Perhaps we should learn that many parts
were imported from elsewhere and accreted to the North Atlantic Conti-
nent as terranes. Even if we are able to put together a mosaic of in-
formation, we are not sure whether a system of late Hercynian wrench
faults destroyed the mosaic of the believers.

Hopefully, some ongoing geophysical projects will improve this complex
situation. Large-scale seismic reflection programs such as COCORP in
the US, ECORS in France, BIRPS or MOIST in UK, and DEKORP in Germany,
or the European Geotraverse Project (EGT), since November 1982 an Addi-
tional Activity of the European Science Foundation (Fig. 3), are ek
important contributors producing a meaningful mosaic and some of them
will directly gain by drilling somewhere in Central Europe. Naturally,
we are glad to learn from and to contribute to the International Litho-
sphere Program.

The German Continental Reflection Program DEKORP (Fig. 5) is especially
connected to the EGT and to the Deep Drilling Project KTB. This program
is financed (about 6 million DM/year) by our Ministry (BMFT), too. It
began in 1983 and is planned to produce annually approximately 200 km
long profiles for the next decade. Numerous university departments and
geological surveys participate. The first 200 km long profile was just
finished (Fig. 5, a) with reflectors down to about 60 km. Perhaps some
of them separate thrust units. This looks impressive for Germany, but
modest by US standards where COCORP is said to have accomplished 5200 km
up to now.

Additionally, plans have been discussed to cooperate directly with
Swiss and French geophysicists, e.g., within a Reflection Survey of
the Rhinegraben Rift System, especially stimulated by the exciting
COCORP results in the Rio Grande Rift Area. In the southern Vosges,

as in the Black Forest, 60-km-long base lines for undershooting the
Graben are planned perpendicular to its axis. A 32-km Split Dip Spread
in the Graben proper and, parallel to the Graben, 80-km Expanding
Spread Profiles for control of velocity in the Vosges and the Black
Forest will complete this experiment.

Even if everything runs smoothly, the results will solve only some old
problems and produce many new ones. But enough skepticism. As believ-
ers, we easily can predict progress from both drill sites in structural
and dynamic geology in general and especially for the bordering area

of a continent welded together from Laurentia, now called the US, Ca-
nada and Greenland and Fennosarmatia. Therefore, both parts now sepa-
rated by the Atlantic should be interested.

All the other aims such as research in fluids, heat, stresses, deep
crustal labs, are valid for all deep holes planned or drilled in Lau-
rentia and Fennosarmatia. Hopefully, all of them will add exciting and
surprising results to the Kola-Drill-Hole results that we have heard
about up to now.
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Problems

Up to now, we were optimists and we have to continue to be optimistic
when we mention some more open problems.

1. Is the German scientific potential sufficient for such a large ex-
periment?

In a general way, we hope so. The DFG, for example, has brought to-
gether during the last years scientists with similar problems in spe-
cial programs like the Priority Program Vertical Movements and Their Caus
as Exemplified in the Rheinische Schild Area (1976-1982), or the Gdttingen
Special Collaborative Program Earth Crust (1969-1981) . Recently, books
like Plateau Uplift or Intracontinental Fold Belts have summarized the re-
sults. An active Priority Program Kinematics of Rock-Forming Processes will
be terminated 1986. Furthermore, we shall take care to develop and to
finance accompanying scientific programs to strengthen the potential
for evaluating the drilling as the Priority Program Lower Continental
Crust or the Special Collaborative Program 108 Stress in the Lithosphere
in Karlsruhe.

Nevertheless, we hope that many colleagues from abroad can be encour-
aged to contribute with their own ideas, to participate in measurements
and in the evaluation of geophysical, geochemical, petrological data
and materials.

2. What is the technological state of the art?

Although previous experience with drilling and measuring at such dep
is limited, the consulting committee is optimistic to be able to cope
with electronics and measurement techniques under possible aggressiv

fluids, high pressures and temperatures above about 250°C. To get b
ter ideas about the temperature gradient to be expected, a ca. 2500 m
deep preliminary drill hole is planned at the final drill site before
the actual deep drilling begins. It allows a geological study of the

uppermost profile sections in which afterwards a casing must be set.

Naturally, many technical problems remain. For example, up to now,
even in German sediment deep drill holes, the drill bit touched the
rocks only 36.8% of the time.

3. What are the ideas for managing such an experiment?

Several models have been discussed. Some of them are very much related
to the Deep Sea Drilling Project. Ideally, the organization should:

- guarantee close cooperation of universities, Geological Surveys, and

industry,

- enable foreign participation,

- guarantee for the next decade effective continued preparation, drill-
ing, evaluation, and publication of the results,

- take care of follow-up like deep crustal lab studies or further re-
search with the core material and other data.

4. What are the estimated costs?

Again, we are both skeptics and believers. Skeptic towards all existent
figures between 100 and 500 million marks, and believers that earth
scientists could use much more and spend the money well.
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