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PREFACE 

Crustal dynamics--the motion of energy and material within, into, and out 

of the Earth's crust--affects everyone. Natural catastrophes, such as 

earthquakes and volcanic eruptions, are dramatic products of crustal dynamics, 

but controls on the distributions of mineral, energy, and water resources have 

longer range impacts on the economics and well-being of nations and mankind. 

Both this Nation and the international community clearly need to understand 

the crustal processes affecting the planet on which we dwell and depend for 

needed materials. 

For these reasons, a new international program of cooperative research in 

earth science is being formulated to address the needs of man. The program is 

a natural outgrowth of earlier successful international cooperation during the 

past two decades. The International Geophysical Year (IGY) of 1957-1958 was 

among the earliest of such efforts and not only advanced understanding of the 

oceans, terrestrial and atmospheric phenomena, but also established mechanisms 

for international cooperation. As a consequence, the Upper Mantle Project 

(UMP) was undertaken during the 1960's to focus on processes in the upper 

1,000 kilometers of the earth. UMP succeeded far beyond the expectations of 

its planners, for during this period new knowledge of the oceans led to the 

formulation of the plate-tectonic concepts that revolutionized the earth 

sciences. An outgrowth of IGY and UMP was the International Geodynamics 

Project (IGP), established for the 1970's to focus on regional problems of 

earth dynamics and on the nature of materials and processes of the Earth's 

interior. Progress during the IGP was based primarily on the utilization of 

new tools to refine the basic plate-tectonic concepts, with emphasis on the 

oceans. 
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The new program for solid-earth research being planned for the 1980's has 

an international scope because the problems are global. Objectives are 

primarily to encourage fundamental research on the principles governing the 

evolution of the crust and the distribution of resources and natural hazards, 

and to bridge the gap between the geoscience community and the public. The 

plan is to change the emphasis from primarily large-scale tectonics related to 

oceanic areas to the utilization of new technology and concepts to solve 

problems of crustal evolution of societal and economic importance. Although 

continued support of marine research is needed, an objective. is to rejuvenate 

research on the more complex continents and to develop needed new concepts. 

As the Nation's principal advisor on earth-science problems, the U.S. 

Geological Survey is obliged and eager to participate in the decade of science 

tentatively entitled "Crustal Dynamics: A Framework for Resource Systems." 

Earth-related problems are proliferating because of intensifying use and 

misuse of the land by man. As a conseciuence, the Survey is engaged in 

numerous mission-oriented programs seeking to solve or ameliorate immediate 

and pressing problems. Longer-term solutions can come only from the basic 

research required to increase more fundamental understanding of crustal 

dynamics, rather than just its products. 

iii 



This report summarizes some major areas of desirable research identified 

during a workshop by some leading scientists of the U.S. Geological Survey in 

September, 1978. The report is not a proposed program but rather a basis for 

discussion with earth scientists of other institutions toward formulation of a 

cooperative national program. Our hone is that publication of this report 

will serve this purpose and promote communication. 

The Convenors 

*** there should now be a change in emphasis from large scale tectonics, 

primarily related to the oceanic areas *** to the problems of crustal 

evolution *** [which bear] directly on many problems of societal and economic 

importance. 

---U.S. Ceodvnamics Committee, Crustal Dynamics, 1978 

*** to remove a major gap in man's understanding of his environment, and to 

provide an adequate basis for exploration, assessment, and appropriate 

utilization of earth resources over the critical period of the next few 

decades, it is recommended that, during the 1980's, a broad multidisciplinary 

effort based on modern technology he directed toward the exploration and 

understanding of the dynamics, the structure, the evolution, and the genesis 

of the continents. 

---from Introduction, Continental Dynamics, B. C. Burchfie1, 

L. T. Silver, and J. T. Oliver, eds., 1°78 
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INTRODUCTION 

Crustal dynamics--the study of the movement of mass and energy within, 

into, and out of the Earth's crust--encompasses most efforts of earth science, 

either directly or as background and support. A new international program is 

being formulated to promote cooperative development of the concepts required 

to solve proliferating problems created by intensifying human use and misuse 

of the land and its resources. A tentative title suggested by the U.S. 

Geodynamics Committee for this program for the decade of the 1980's is 

"Crustal Dynamics: A Framework for Resources." The needs are pressing at 

both the national and international levels. Many reasons cited for 

undertaking this international program are akin to the justifications for 

forming, maintaining, or enlarging governmental geological surveys. Thus, the 

U.S. Geological Survey has an obligation to participate in the Crustal 

Dynamics Program to meet its expanding responsibilities to serve the nation 

effectively. 

A U.S. Geological Survey workshop was convened near Denver on September 

20-23, 1978, to consider appropriate roles that might be played in the Crustal 

Dynamics decade. Some 60 Survey geologists, geophysicists, geochemists, and 

hydrologists participated. Principal questions addressed were: 1) What are 

the major earth-science problems that should be investigated during the next 

decade? 2) What are their implications to society? 3) What competence can be 

brought to bear on these problems and what further competence and tools need 

to be developed? 4) What roles are appropriate for the USGS within the 

broader national and international earth-science communities? 

This report presents some responses to these questions. Readers may 

recognize some defects. The report was prepared by several committees and its 

sections remain uneven despite editing. Insufficient time was available for 
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either lengthy consideration or discussions, and no opportunity was provided 

for communication with colleagues in other organizations. The report is not a 

finished proposal for USGS participation in the Crustal Dynamics program, but 

rather is intended as a basis for further discussion and consideration both 

within the organization and with colleagues in other institutions and 

organizations, toward formulation of a viable program. 

Roles of USGS and Other Institutions 

The scope and perspective of the USGS are primarily, though not 

exclusively, national. As the nation's advisor on earth-science problems, the 

Geological Survey has had to undertake broad investigations, often of extended 

duration, to address both immediate and long-range problems. The diversity of 

the national problems addressed frequently requires investigation by 

multidisciplinary teams and the utilization of a wide spectrum of specialists 

and scientific equipment. The USGS plays an internationally recognized role 

in basic geoscience mapping, for governmental (both federal and state) surveys 

are best able to undertake such systematic investigations and to publish their 

results. On the other hand, numerous specialities, many of enormous power and 

applicability, have been developed in other institituions and these complement 

our activities. Although the Survey's work is necessarily concentrated within 

our national boundaries, a capability has been developed for integrated 

onshore and offshore continental-margin studies; other institutions are better 

able to undertake many deep-ocean investigations. The Survey's greatest 

challenge is to be responsive to the nation's pressing and changing needs, 

while minimizing neglect of longer-range problems. 

Although the USGS can focus a broad spectrum of expertise on problems of 

Crustal Dynamics and contribute actively to the leadership of a national 

program, the Survey cannot, and should not, dominate the program. USGS work 
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must be coordinated in a cooperative spirit with that of researchers in 

academic, industrial, and other government institutions throughout the 

country. Earth scientists in such institutions may perceive potential overlap 

with their work among the tentative proposals in this document; it is 

imperative that conflicts be identified and resolved. There is too much to be 

done by everyone to permit duplication to go unchecked. 

Although the Geological Survey's emphasis is on both scientific and 

societal problems of the continental United States, these problems cannot be 

viewed or solved in isolation. The powerful theories related to plate 

tectonics that have unified the earth sciences were based largely on ncw 

knowledge of the oceans. Many data suggest that vertical motions on one 

continent may be synchronous with those on others, and that world-wide 

eustatic changes of sea level reflect horizontal or vertical motions of ocean 

floors. A program of continental crustal dynamics thus should be considered 

as complementing continued work in the oceans, for many of the problems 

discussed here are the same as those considered, for example, in the 1977 

Report of the JOIDES Executive Committee on "The Future of Scientific Ocean 

Drilling." 

Recommendations 

The six working groups, whose reports are incorporated in this document, 

agreed on many of the most important tasks to be undertaken by the Geological 

Survey to advance our understanding of the evolution of the continental 

crust. Matters of consensus are summarized here, whereas other, more 

specific, proposals are discussed in the individual reports. Progressive 

work, and consultation with other researchers both within and outside the 

Survey, may lead to revision of some suggestions. 
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Coordinated, multidisciplinary approaches are required for studies of 

crustal dynamics. Formal teams need not be established, but specialists 

should be in touch with others in related fields so that the techniques of one 

field can be brought to bear on the problems of another. Data should be 

sought, not for their own sake, but for their bearing on improving 

understanding of major crustal processes and their products. Indeed, we 

recommend that basic research projects be justified on this basis, for our 

resources will always be inadequate for the tasks that need to be 

accomplished. 

Each w-:.king group stressed the need for synthesis and modeling of data 

from many disciplines. Such modeling should not await accumulation of vast 

amounts of new data, for much new insight can be gained by integrating and 

interpreting data already available in most fields. Interim models provide 

guidance in the search for critical new data. Broad phenomena are seldom 

explained from bases that are narrow either topically or geographically. 

Explanations incorporate predictions which should be tested against data from 

other fields and other regions. A model of variations with depth in a given 

terrane should account for the features of analogous terranes exposed 

elsewhere at different levels of erosion; recognition of deeper analogs may 

reduce the need for deep drilling. An explanation of the mechanics of 

deformation in one region should fit other analogous regions. New models, 

based on new data or new insights, enable reevaluation and modification of old 

ones; weak links should be sought continuously in chains of logic, and 

stronger ones forged. Intellectual "fences" around topical and geographical 

preserves prohibit interaction and hinder understanding. 

Agreement was unanimous at the workshop on the need for broad geologic 

and geophysical data—bases to establish a context for detailed studies. 
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National and regional map compilations and data syntheses are especially 

useful. 

The completion of surface geologic mapping at 1:250,000 scale of all 

complex terranes is needed to support regional interpretations of both 

geologic and geophysical parameters. Larger scale mapping should be done 

where needed to solve specific topical or mission problems, while maintaining 

regional perspectives. More regional topical field studies are required. Hap 

syntheses summarizing knowledge of the continent should be undertaken in 
• 

conjunction with the centennial program of the Geological Society of America 

in 1988. To encourage mapping, the Geological Survey should be willing to 

publish good geologic and geophysical maps prepared by university and industry 

scientists, perhaps as MF maps from author-prepared copy. 

Completion of a national aeromagnetic map is essential as a primary 

source of information on covered basement rocks; such a map also reflects 

lithologic changes of crystalline rocks at varying depths and thermal 

structure of the crust. Magnetotelluric and other electrical methods need 

further development and application to constrain interpretations of deep 

structure, composition, and temperature. 

Systematic seismic-refraction and wide-angle reflection studies, for 

which the profession has new and improved instrumentation and interpretive 

techniques, are imperative to define structure and heterogeneity in the crust 

and upper mantle in all major geologic provinces, as well as across their 

transition zones, to refine interpretations of deep structure, composition, 

and evolution. There is a gap between COCORP studies (with which the 

Geological Survey should cooperate) and hydrocarbon-exploration work. 

Interpretation of COCORP profiles can be improved by knowledge of crustal 

velocities, determined by refraction and by wide-angle reflection studies in 
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the same areas. Integration of seismic data with laboratory determinations of 

elastic and anelastic properties at appropriate elevated pressures and 

temperatures is much needed. The Geological Survey needs to improve 

interpretive expertise for on-land reflection surveys, obtained under 

contract. 

Reasonably accurate routine locations of earthquake hypocenters have only 

recently been achieved within the U.S., but are still poor for many parts of 

the world. The profession needs to upgrade its location capability globally, 

and to relocate historic earthquakes, in order to define better the relations 

between deformation and seismicity. Focal mechanism solutions should bA 

generated routinely so that active strain-release patterns can be recognized. 

We know little about the state of stress in the upper crust of most of 

the United States. Systematic in-situ stress determinations should be made in 

wells, mines, and deep tunnels, and integrated with focal mechanism data. 

We know little about most of the lower crust. Integration of knowledge 

of lower-crust exposures in granulite-charnockite-anorthosite terranes with 

studies of deep-source xenoliths elsewhere, and with geophysical modeling, is 

essential. Isotopic study of surface igneous rocks can constrain 

interpretations of age and composition of lower crustal sources. Study of 

transitional terranes in terms of apparent depth might permit the prediction 

of types of lower crust developed beneath different shallow tectonic settings. 

Plate-tectonic concepts derived from active plate systems obviously apply 

to many Cenozoic and Mesozoic orogenic systems, but ambiguities and 

disagreements increase as we try to apply them to successively older terranes; 

the concepts fail to explain Archean rock assemblages. Processes clearly have 

changed with time as the thermal structure of the Earth has evolved. 
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Systematic study of orogenic processes as functions of age and depth, and not 

merely study of isolated age or depth slices, is needed. 

Few representative igneous systems--important to ore deposits and 

geothermal resources--have been studied systematically by field, chemical, and 

isotopic methods, even in the vertically thin exposures we can now see. More 

terranes deserve such analysis, supplemented by deep drill data. Depth— 

ordering of analogous systems, variably eroded, is needed to constrain three— 

dimensional models beyond the limitations of deductions from single terranes. 

Major work of the Geological Survey must be concentrated in the U.S., 

which encom:-..asses a great variety of geologic terranes. Exposures of 

Precambrian terranes within the nation are, however, quite limited, and the 

one fully active U.S. subduction system, that of the Aleutians, displays only 

part of the variety of other active arcs. Some topics, accordingly, need to 

be studied in part outside the U.S., perhaps cooperatively with foreign 

entities, or as parts of AID programs. 
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1. CRUSTAL CONSTITUTION AND EVOLUTION 

Introduction 

Precambrian rocks of diverse composition, structure, and age underlie the 

North American craton. Knowledge of their constitution, distribution, and 

origin is essential to an understanding of the evolution of the crust. Such 

rocks available for study on Earth contain a record of about 3.5 b.y., whereas 

rocks on the Moon are at least 4.6 b.y. old. Studies of available lunar and 

meteoritic materials provide the only tangible data bearing on the first 

billion years of the Earth's history; they should be continued. Studies 

proposed here are limited to the terrestrial record and are focused on the 

Precambrian, especially on the little known crust deeper than 10 km. 

Composition, Structure, and Physical State 

To understand the processes that produce earthquakes, volcanism, and ore 

deposits, we need to know much more about the composition, structure, and 

physical state of the lower crust and upper mantle. Lower continental crust 

aid mantle can be observed at only a few placeS, and no drilling techniques 

are yet capable of sampling deeper than about 10 km. Samples of the deep 

crust and upper mantle occur as xenoliths within varied extrusive and 

intrusive igneous rocks, the deepest lithosphere layers apparently being 

sampled only by alkalic volcanoes. The structure and state of the crust in 

varied tectonic environments can best be defined through geophysics, deep 

drilling, and laboratory studies to determine the physical properties of 

xenoliths and other likely lower lithosphere materials, under appropriate 

pressure-temperature conditions. Such measurements have been made for only a 

limited range of materials and conditions. It may also be necessary to 

synthesize materials that have physical properties not observed in xenoliths, 
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mapping, synthesis, and interpretation of critical data for exposed 

Precambrian terranes, and (4) publication of basic and derivative map 

products. 
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SUMMARY OF CONCL USIONS AND RECOMENDAT IONS 

General 

About 60 U.S. Geological Survey geologists, geophysicists, geochemists, 

and hydrologists met near Denver, Colorado, on September 20-23, 1978, to 

discuss USGS participation in the Crustal Dynamics Program proposed by 

national and international geodynamics committees for the 1980's. They 

reached the following general conclusions: 

(1)The USGS should participate in the interdisciplinary Crustal Dynamics 

Program in cooperation with academic, industrial, and state and other federal 

government institutions. 

(2)The USGS should work toward completion of geologic mapping of all 

complex terranes at 1:250,000 scale; should expend increased effort on 

regional map syntheses, perhaps in conjunction with the Geological Society of 

America's centennial. celebration; and should also be willing to publish maps 

prepared by participants from other institutions. Completion of a national 

aeromagnetic map is also urged. 

(3)Investigations should focus on the properties and structure of the 

lower crust and dynamic crustal processes, requiring systematic study of 

orogenic and magmatic processes as functions of age and depth, intensive study 

of xenoliths, geophysical surveys, deep drilling, and measurements of surface 

strain and crustal stress. 

(4)The diverse data that hear on crustal dynamics and its societal 

implications require synthesis and modeling. 

1. Crustal Constitution and Evolution 

The working group on crustal constitution and evolution focused on the 

Precambrian, especially on the crust deeper than 10 km. To increase 

ourknowledge of the composition, structure, and physical state of the lower 
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continental crust, the group recommended: 

(1)Coordinated field, petrologic, geochemical, and geochronologic 

studies of xenoliths in a variety of tectonic environments. 

(2)Investigations of the deep crust using seismic, gravity, magnetic, 

electrical, and heat-flow measurements; deep drilling; and laboratory studies 

on the physical properties of deep crustal materials at appropriate pressure 

and temperature ranges. 

(3)Studies of hydrologic circulation and volcanism in areas of recent 

tectonic and volcanic activity. 

(4)Systematic study of the thermal state of the crust, heat generation 

by radioactivity and fault friction, and the relations of magmatism and 

extensional tectonics as guides to mantle thermal conduction and crustal 

convection. 

(5)Target areas suggested for study of the lower crust included Hawaii, 

the Rio Grande rift, the Mojave Desert, and the Sierra Nevada-western Great 

Basin region. 

To increase our understanding of the early evolution of the continental 

crust, the working group recommended: 

(1)Geologic, geochronologic, geochemical, isotopic, and geophysical 

studies of Archean gneisses in the northern Midwest and Wyoming, of Archean 

and lower Proterozoic mafic stratiform complexes in the U.S. and abroad, of 

Archean and Proterozoic regional mafic dike swarms, and of Proterozoic 

anorthosite complexes. 

(2)Study of the motions of ancient cratonic fragments by geologic 

mapping and paleomagnetic measurements, of the onset of plate tectonics by 

mapping major Precambrian boundaries, and of episodes of post-Archean 

cratonization in the western U.S. and Sonora. 
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2. Kinetic Processes, Mass Transport, and Hydrothermal Systems 

The working group on kinetic processes, mass transport, and hydrothermal 

systems emphasized energy and mass transport by flow and diffusion of 

fluids. The working group recommended: 

(1)Completion by the end of the 1980's of a map of local compositional 

units and metamorphic state for the lower crust of the western U.S. 

(2)Study of magratic processes: magma genesis and transport paths from 

sources to sites of emplacement, the role of volatiles in magmatism, and 

volcano-plutonic relations. 

(3)Field study of metamorphism and metasomatism of geologic terranes 

formed in different environments of pressure and temperature, and research on 

implications of irreversible thermodynamics to metamorphism. 

(4)Study of magmatic-hydrothermal interactions by deep drilling in the 

vicinity of magmatic heat sources, application of chemical and isotopic 

tracers to geothermal systems, and multidisciplinary investigations of exhumed 

systems. 

(5)Study of ore-forming processes in non-magmatic environments, such as 

brines and shale-membrane systems. 

(6)Study of hydrodynamic processes in porous and fractured media. 

3. Active Deformation and Geologic Hazards 

The working group on active deformation and geologic hazards concerned 

itself mainly with framework and process studies that would reinforce such 

ongoing USGS missions as the Earthquake Hazards Reduction Program. The 

working group recommended three major programs: 

(1) Mapping of stress, pore-pressure, and rheology of the continental 

crust, their implications to tectonically active areas, and research on man-

induced deformation and seismicity. 
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(2)Regional geologic, geophysical, and geodetic sudies of current and 

late-Cenozoic deformation to examine the style, rates, and continuity of 

deformational processes in tectonically diverse regions; study of the sense, 

rates, and uniformity of vertical deformation of the U.S. coastline; geologic, 

geophysical, and geodetic transect studies in the southwestern northwestern, 

and southeastern U.S., and Southern Alaska. 

(3)Integrated geologic, geophysical, and geodetic studies of active 

calc-alkalic magmatism in the Cascades and Aleutians and of intraplate 

magmatism in Hawaii. 

4. Dynamics of Active Continental Margins 

The working group on dynamics of active continental margins reviewed 

knowledge of modern plate margins in the western U.S. and recommended the 

following program: 

(1)Multidisciplinary studies of modern margins, emphasizing deep 

seismic-refraction, both marine and land seismic-reiiecrion, gravity, and 

magnetic surveys, and direct sampling of the ocean bottom. Transects 

suggested for such studies included the convergent margin of the Juan de Fuca 

ridge, the transform margin off Dixon Entrance, the transition zone in the 

northern Gulf of Alaska, convergent zones in the western Gulf of Alaska and 

the central Aleutians, and the subduction zone of the Puerto Rico trench-

Venezuelan Basin region. 

(2)Geologic and geophysical study of modern arc magmatism of the 

Aleutian and Cascade arcs, and structural and petrologic studies of older 

magmatic systems, such as the northern Cascades, Sierra Nevada and the 

Southern Rocky Mountains, at diverse levels of exposure. 

(3)Construction of a seismo-tectonic map of North America which would 

include locations and focal mechanisms of significant earthquakes and their 

relation to identified active faults. 
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(4) Preparation of geologic, paleotectonic, aeromagnetic, paleomagnetic, 

and metallogenic maps of ancient accretionary terranes. 

5. Dynamics of Passive Continental Margins 

The working group on passive continental margins emphasized intensified 

studies of the U.S. Atlantic continental margin. Specific recommendations 

included: 

(1) Geologic and geophysical studies and drilling in selected exposed and 

offshore regions with emphasis on inherited structures of rifted continental 

crust, the composition and genesis of transitional crust, and the hydrocarbon-

bearing overlying sedimentary prism. 

(2) Geophysical traverses across the continental margin in such places as 

the Gulf of Maine, Georges Bank, Baltimore Canyon, the Carolina platform 

trough, and the Blake Plateau. 

(3) Preparation of a basic series of geologic and geophysical maps at a 

scale of 1:250,000 or larger to cover the rifted margin of the Atlantic Ocean 

and adjacent orogenic and deep-ocean regions. 

6. Intraplate Tectonics 

The working group on intraplate tectonics stressed national and regional 

compilations and syntheses on maps and in data files and reports on the 

geologic framework, topographic and geophysical parameters, and geochemical 

data relating to intraplate tectonics. The group made the following 

recommendations: 

(1)Interdisciplinary research on the nature, distribution, and origin of 

mineral and energy resources ir relation to magmatic systems. 

(2)Compilation of regional maps to portray the spatial and temporal 

distr ihut ions, compositions, istopic charactrisrics, and tectonic 

environments of igneous rocks. 
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(3)Systematic large-scale geologic mapping and petrologic study of 

igneous rocks in unmapped regions. 

(4)Geologic, geophysical, and geodetic investigation of continental 

extensional regimes. 

(5)Collection, storage, and synthesis of geologic, geophysical, and 

geodetic data for pattern recognition and discrimination, analysis of stress-

strain relations, and plate-tectonic interpretation and modeling. 

(6)Geologic, geophysical, and geodetic study of intraplate vertical 

tectonics. 

(7)Geologic and geophysical surveys and drilling to study the 

characteristics and origin of major fold and thrust belts, such as those in 

the western Cordillera, the Appalachians, the Ouachita Mountains, and the 

Brooks Range, with ,27aphasis on poorly understood hinterland parts. 

(8)Acquisition and compilation on maps of geologic, geophysical, 

geochronologic, and isotopic data on the basement framework of the continent. 
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