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they have responsibility: thermal regimes, basement structure 
and deep continental basins, active faul t zones and downhole 
measurements, and mineral resources. These high-priority 
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(a ) a continuing National PrograM of Continental Scientific 
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deal ing with a variety of critical probl ems In continental 
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researc� tool Is indicated; and (b) the experiment with 
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NOT ICE: The project that is the subject of this report was 
approved by the Governing Board of the National Research 
Council, whose members are drawn from the councils of the 
National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. The members of 
the committee responsible for this report were chosen for 
their special competence& and with regard for appropriate 
balance. This report has been reviewed by a group other than 
the authors according to procedures approved by a Report 
Review Committee consisting of members of the National Academy 
of Sciences, the National Academy of Engineering, and the 
Institute of Medicine. 

The National Research council was established by the 
National Academy of Sciences in 1916 to associate the broad 
community of science and technology with the Academy's 
purposes of furthering knowledge and of advising the federal 
government. The council operates in accordance with general 
policies determined by the Academy under the authority of its 
congressional charter of 1863, which establishes the Academy 
as a private, nonprofit, self-governing membership 
corporation. The Council has become the principal operating 
agency of both the Academy of Sciences and the National 
Academy of Engineering in the conduct of their services to 
the government, the public, and the scientific and 
engineering communities. It is administered jointly by both 
Academies and the Institute of Medicine. The Academy of 
Engineering and the Institute of Medicine were established in 
1964 and 1970, respectively, under the charter of the Academy 
of Sciences. 
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Ol00), and the u.s. Geological Survey. HOwever, any opinions, 
findings, conclusions, or recommendations expressed herein 
are those of the authors and do not necessarily reflect the 
views of these agencies. Reproduction in whole or in part is 
permitted for any purpose of the united States Government. 

Available from 
Continental Scientific Drilling Committee 
National Academy of Sciences 
2101 Constitution Avenue, N. W. 
Washington, D. C. 20418 

Copyright © National Academy of Sciences. All rights reserved.

Priorities for a National Program of Continental Drilling for Scientific Purposes
http://www.nap.edu/catalog.php?record_id=19396

http://www.nap.edu/catalog.php?record_id=19396


CONT INENTAL SC IENT IFIC DRILLING COMMITTEE 

FRANC IS G. STEHLI, University of Oklahoma, Chairman 
(June 1983-present) 

EUGENE M. SHOEMAKER, U. S. Geological Survey, Flagstaff, 
and California Institute of Technology, Chairman 
(January 1980-June 1983) 

CHARLES R. BACON, u.s. Geological Survey, Menlo Park 
LAWRENCE M. CATHLES I I I, Chevron Oil Field Research 

Company 
CHARLES L. DRAKE, Dartmouth College 
J. JAMES E IDEL, Hanna Mining Company 
HOWARD R. GOULD, Exxon Production Research company 
KATE H. HADLEY, Exxon Company USA 
JOHN F. HERMANCE, Brown University 
WILLIAM J. H INZE, Purdue University 
CHARLES J. MANK IN, Oklahoma Geological Survey 
JACK E. OLIVER, Cornell University 
ELBURT F. OSBORN, carnegie Institution of washington 
c. BARRY RALEIGH, Lamont-Doherty Geological Observatory 

of Columbia University 
R ICHARD K. TRAEGER, Sandia National Laboratories 
MATT s. WALTON, Minnesota Geological Survey 

Staff 

ROBERT S. ANDREWS, Senior Staff Officer 

iii 

Copyright © National Academy of Sciences. All rights reserved.

Priorities for a National Program of Continental Drilling for Scientific Purposes
http://www.nap.edu/catalog.php?record_id=19396

http://www.nap.edu/catalog.php?record_id=19396


BOARD ON EARTH SC IENCES 

W ILLIAM R. DICK INSON, University of Arizona, Chairman 
DON L. ANDERSON, California Institute of Technology 
PAUL A. BA ILLY, Occidental Minerals Corporation 
THOMAS D. BARROW, Standard Oil Company (Ohio) 
LLOYD s. CLUFF, WOOdward-clyde consultants 
W. GARY ERNST, University of california, Los Angeles 
M ICHAEL T. HALBOUTY, Michael T. Halbouty Energy company 
MELV IN J. H ILL, Gulf Oil Corporation 
CARROLL ANN HODGES, U. S. Geological Survey, Menlo Park 
JOHN IMBRIE, Brown university 
v. RAMA MURTHY, University of Minnesota 
JACK E. OLIVER, Cornell university 
STEPHEN c. PORTER, university of washington 
c. BARRY RALEIGH, Lamont-Doherty Geological Observatory 

of Columbia University 
J. W ILLIAM SCHOPF, University of California, Los Angeles 
E-AN ZEN, u.s. Geological Survey, Reston 

Staff 

JOSEPH W. BERG, JR. , Staff Director 

iv 

Copyright © National Academy of Sciences. All rights reserved.

Priorities for a National Program of Continental Drilling for Scientific Purposes
http://www.nap.edu/catalog.php?record_id=19396

http://www.nap.edu/catalog.php?record_id=19396


COMMISSION ON PHYSICAL SCIENCES, 

MATHEMATICS, AND RESOU�ES 

HERBERT FRIEDMAN, National Research COuncil, Chairman 

ELKAN R. BLOUT, Harvard Medical School 

WILLIAM BROWDER, Princeton University 

BERNARD F. BURKE, Massachusetts Institute of Technology 

HERMAN CHERNOFF, Massachusetts Institute of Technology 
MILDRED s. DRESSELHAUS, Massachusetts Institute of 

Technology 

WALTER R. ECKELMANN, SOhio Petroleum Company 

JOSEPH L. FISHER, Office of the Governor, Commonwealth 

of Virginia 

JAMES c. FLETCHER, University of Pittsburgh 

WILLIAM A. FOWLER, California Institute of Technology 

GERHART FREIDLANDER, Brookhaven National Laboratory 

EDWARD A. FRIEMAN, Science Applications, Incorporated 

EDWARD D. GOLDBERG, Scripps Institution of Oceanography 

CHARLES L. HOSLER, JR. , Pennsylvania State University 

KONRAD B. KRAUSKOPF, Stanford University 

CHARLES J. MANKIN, Oklahoma Geological Survey 

WALTER H. MUNK, University of California, San Diego 

GEORGE E. PAKE, Xerox Research Center 

ROBERT E. SIEVERS, University of Colorado 

HOWARD E. SIMMONS, JR. , E. I. du POnt de Nemours and 

Company, Incorporated 

JOHN D. SPENGLER, Harvard School of Public Medicine 

HATTEN s. YODER, JR., carnegie Institution of washington 

RAPHAEL G. KASPER, Executive Director 

LAWRENCE E. McCRAY, ASsociate Executive Director 

v 

Copyright © National Academy of Sciences. All rights reserved.

Priorities for a National Program of Continental Drilling for Scientific Purposes
http://www.nap.edu/catalog.php?record_id=19396

http://www.nap.edu/catalog.php?record_id=19396


INTRODUCTION 

The concept of a National Continental Scientific Drilling 

Program bas been the subject of numerous reports over the 

last decade [e. g. , Continental Drilling (Shoemaker, 1975), 

Continental Scientific Drilling Program (U. S. Geodynamics 

Committee, 1979), and Qpportunities for Research in the 

Geological Sciences (Board on Earth Sciences, 1983)] and 

has now matured to the point at which a deep drill hole 

dedicated to testing a fundamental geological hypothesis 

is being seriously considered. A large number of 

fascinating continental crustal problems over a wide range 

of geological disciplines have been proposed for testing 

by the drill, and many sites at which these tests could 

be made have been suggested in the first two of the above­

cited reports. As the prospect for funding of an initial 

dedicated hole has brightened, attention has focused on 

the necessity of setting priorities among the various 

experiments and sites that have been proposed. Panels of 

the Continental Scientific Drilling Committee (CSDC) have 

over the last four years been involved in establishing 

priorities within the areas for which they have 

responsibility: thermal regimes, basement structure and 

deep continental basins, active fault zones and downhole 

measurements, and mineral resources. 

At the same time, the CSDC Panel on Drilling, LOgging, 

and Instrument Technology was evaluating the technical 

readiness to perform proposed drilling experiments. The 

1 
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CSDC Panel on Sample Curation and Data Management is 

developing a plan for handling samples and data from 

continental scientif ic drilling as a national resource. 

At a meeting of the CSDC with representatives of its 

panels in November 1983, the committee addressed an 

evaluation of the high-priority experiments and sites 

brought f orward by each panel. These high-priority 

projects were evaluated against the standards of 

scientif ic significance, ex isting data base, and 

availability of existing drilling, logging, and downhole 

measurement technology. Under these constraints the CSDC 

determined that (a) a continuing National Program of 

COntinental Scientific Drilling is required, extending 

over a period of decades and dealing with a variety of 

critical problems in continental crustal structure, 

development, and tectonics as improvements in technology 

make them feasible and when the drill as a research tool 

is indicated; and (b) the experiment with highest 

immediate priority is a dedicated research hole in the 

Southern Appalachians to test the •thin-skinned tectonics• 

model of crustal structure. It was also agreed that the 

CSDC should be alert to any opportunities to conduct 

investigations added on to current and planned drilling 

activities, but priorities for such opportunities cannot 

be established in advance. 

The purpose of this report is to provide a brief 

account of the high-priority objectives for a national 

program of continental drilling for scientific purposes 

that have been determined by the CSDC and its subject 

panels. From these major objectives, the committee has 

recommended that the first project that should be 

addressed in what is ex pected to be a long-term and 
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scientifically rewarding program. More detailed reports 

discussing the rationale for selection of high-priority 

objectives for each of the subject panels are in the final 

stages of preparation by the CSDC and will be issued later 

in 1984. 
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SETT ING PRIORITIES 

Information provided by the Panel on Drilling, LOgging, 

and Instrument Technology and presented at the 1983 

Sandia National Laboratories WOrkshop on Borehole 

Measurements and Interpretation in Scientific Drilling 

(Cooper and Traeger, 1984) indicated that logging and 

coring equipment dependent on silicon chips, elastomeric 

seals, and electric cables cannot be relied on in 

temperature regimes that exceed about 275°C and that few 

if any instruments could withstand waters rich in 

hydrogen sulfide. These constraints suggested that the 

first dedicated drilling experiments should be into 

locations that are unlikely to be characterized by such 

hostile environments--locations that could be drilled 

with standard drilling, coring, and logging equipment 

that has been thoroughly tested and is in regular use. 

The priority sites in active hydrothermal-magma 

systems recommended by the Panel on Thermal Regimes all 

carry with them, if one is to reach the targets of 

greatest scientific interest, the strong probability of 

encountering thermally or chemically hostile environments. 

Thus, while the CSDC recommends that shallow and 

intermediate-depth drilling should be continued at these 

sites in order to define more sharply the questions to be 

addressed through deep drilling, we recognize that 

considerable technological development will have to 

precede a deep hole at any of the research targets under 

4 
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consideration. Advanced development of tools and 

instruments to withstand high-temperature drill-hole 

environments is currently being conducted by industry and 

government laboratories and will be followed closely by 

the CSDC. 

The Panel on Active Fault zones and Downhole 

Measurements presented as high-priority experiments 

several drill sites at which it would be possible to drill 

through or into active fault zones. Each of the general 

sites proposed appeared to offer relatively high risk of 

hole instability and a significant chance for loss of hole 

or loss of circulation in severely fractured rock. It was 

concluded that the research drilling program should 

develop experience in less difficult areas before 

attempting dedicated deep drilling in an active fault 

zone. Holes drilled by the petroleum industry that are 

close to or penetrate active fault zones may present 

opportunities for add-on investigations if some of the 

particularly significant holes, along with relevant 

downhole data, are made available for this purpose. 

The ob jectives accorded high priority by the Panel on 

Mineral Resources are the roots of cold or fossil 

hydrothermal, ore-bearing systems that provide 

opportunities to study important problems that can be 

solved only by investigations with the drill. The 

possible physical connection between shallow epithermal 

ore deposits and deeper mesothermal deposits is untested 

and represents an ob jective of both scientific and 

economic significance. It was concluded by the CSDC that 

although drilling targets into these systems were 

exciting and technically feasible, their restricted size 

and shape make them more difficult to define than the 
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targets suggested by the Panel on Basement Structures and 

Deep Continental Basins (below). Additional detailed 

geological and geophysical surveying is necessary before 

a drilling project at a particular mineral resource site 

is mounted. 

The Panel on Basement Structures and Deep Continental 

Basins proposed a series of experiments that involve 

features that tend to be horizontally oriented and of 

great lateral extent so that even at considerable depths 

they present targets that could be easily intersected. 

Several of the targets accorded high scientific interest, 

such as layered structures suggested by seismic-reflection 

profile lines recorded throughout the united States, occur 

at depths so great as to offer great technical difficulty 

for an initial dedicated hole. First priority among the 

targets proposed by the panel, and the highest priority 

accorded by the CSDC among all the experiments proposed, 

is a drilling project to test the thin-skinned tectonic 

thrusting model for the Southern Appalachians structure. 
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HIGHEST-PRIORITY TARGET 

The Appalachians represent a cradle of fundamental 

concepts in crustal geology in the United States. In the 

Southern Appalachians, interpretation of deep seismic­

reflection profiling data indicates the presence of far­

traveled allochthonous thrust sheets above autochthonous/ 

parautochthonous rocks, which themselves overlie older 

basement. Many recent geological and geophysical studies 

indicate that Paleozoic sedimentary rocks of the Valley 

and Ridge Province can be traced from their near-surface 

position on the west for large distances, perhaps several 

hundreds of kilometers, beneath the crystalline and 

generally older rocks of the Blue Ridge and Piedmont 

Provinces, and perhaps beneath the Coastal Plain Province. 

The hypothesis to be tested is that of thin-skinned 

thrusting of crystalline rocks in the Appalachian orogen. 

This concept is important scientifically for two reasons 

that go beyond the bounds of Appalachian geology. First, 

the thrusting can be explained as a result of the final 

closing of the proto-Atlantic Ocean. Hence t he thin­

skinned thrus ting that is likely the d ominant process in 

the formation of the huge Appalachian orogen can be 

explained as a natural consequence of the theory of plate 

tectonics. If so, a n ex tremely important step has been 

taken, because plate tectonics to date, for all its 

importanc e in explaining the d ynamics of the ocean basins 

and the movement of continents as entities, has not 

7 
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provided satisfying explanations for much of internal 

continental geology. Second, the Appalachian orogenic 

belt is thought to be a type example for many orogenic 

belts of different ages and in different parts of the 

world. Thus, the understanding of the Appalachian story 

probably will have profound and widespread implications. 

In fact the currently evolving story of the accreted 

terranes that make up huge land masses such as Alaska, 

mainland China, and the Western United States and canada 

may be an expression of the same, or closely related, 

processes. The tremendous significance of the Appalachian 

thin-skinned thrusting problem thus cannot be denied. 

The critical test of this hypothesis to be supplied 

by drilling is simple and straightforward. Drill a hole 

to a depth of about 10 km through the thrust sheets at 

some distance back from their forward edges and determine 

whether sedimentary or metasedimentary Paleozoic rocks 

correlatable with those to the west are encountered below. 

If so, the thrusting hypothesis must be correct. That 

test is the prime objective of this hole. 

This research drilling will also test a number of 

other features of lesser but still fundamental 

significance. FOr example, details of deformation in the 

thrust sheet caused by its movement are important. The 

degree of metamorphism and other characteristics of the 

buried sedimentary rocks are important scientifically and 

also practically for what they tell us about the thermal 

history of the large volume of unexplored sedimentary 

rocks apparently buried beneath the crystalline rocks, 

thus having a direct bearing on exploration for petroleum 

resources in parts of this and other overthrust terranes. 

Information on fluids trapped or having escaped from the 
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sedimentary rocks is also of both fundamental and 

practical significance, both in understanding the 

mechanics of fault movement and in connection with 

possible ore formation and mineral transport. An 

Appalachian hole is also an appropriate place for testing 

and development of new drilling and logging techniques 

and for a wide variety of in-situ measurements of rock 

properties and other parameters of the deep crust. And, 

of course, there is the theme of exploration of the 

unknown. What, indeed, are conditions like at great 

depths, what are they like below the buried sediments, 

and what kinds of rocks are located there? 

The general location of the recommended Southern 

Appalachian deep research hole is agreed on, but special 

studies of the area must be made in considerable detail 

before the specific site is determined. Scientists with 

the most thorough knowledge of Appalachian geology and 

geophysics and of drilling and logistical problems must 

be consulted. PUrther detailed geological, geophysical, 

and geochemical surveys are required, and additional 

regional surveys such as further long-line seismic­

reflection profiling would be of value. HOwever, the 

purpose for a predrilling survey is to ensure that a 

suitable site for the main drilling experiment is 

identified. Once that has been ascertained, drilling 

should begin. Additional studies may well continue to 

focus better the contemplated in-hole investigations and 

to provide the best possible regional framework for 

interpretation. In this way drilling and comcomitant 

studies become complementary and interactive. 

The CSDC has not designed nor set criteria for such 

surveys, but it draws attention to them as an absolutely 
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necessary component of the drilling program. Funding for 

the drilling program must include the cost of such 

surveys, as well as adequate sums to support analysis of 

the samples and information obtained in drilling and to 

support other reasonable experiments to be carried out in 

the hole or in relation to the overall effort. 
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CONCLUSION 

The two reports, Continental Drilling and Continental 

Scientific Drilling Program, form a basis for this report 

and provide comprehensive discussions of the subject of 

continental drilling for scientific purposes in a number 

of research areas. The purpose of this report is to 

present a specific recommendation of the COntinental 

Scientific Drilling Committee on where the first deep hole 

dedicated to scientific exploration of the continental 

crust in the United States should be located. The most 

accessible and feasible hypothesis to test is the one of 

thin-skinned tectonics� the southern Appalachians, where 

the thrusting of crystalline rocks of the Blue Ridge and 

Piedmont Provinces over early Paleozoic sedimentary rocks 

is postulated, represents the best location for this 

drilling project. This hypothesis is of fundamental 

importance to the understanding of the evolution of 

continents. 

Funding for this project must include, in addition to 

costs for actual drilling, support for necessary 

preliminary site surveys and for collection and analysis 

of scientific samples and other data from the drill hole. 

Finally, we reiterate the point that this project 

represents the first hole in what will become a national 

program of continental drilling for scientific purposes. 

The scientific community is invited to participate in 

this program by identifying questions and problems and 

11 
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proposing projects to find solutions concerning the 

properties, dynamics, and evolution of the continental 

crust that require data that can be obtained only by the 

drill. 
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