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PREFACE 
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existing today, differences produced in large part by our 
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time these resources will last and how best to assure their 
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advising students and curriculum construction, and thus help 

in a small way to assure the continued supply of mineral and 

energy resources. If it does, I feel the work will have 

been worthwhile. 

I am deeply grateful to the leading geophysicists 
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comments section. 
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support, and commitment to the education of students. 
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ABSTRACT 

The purpose of this study was to describe major 

aspects and needs of geophysics curricula in colleges and 

universities and to optimize the curricula for different 

work functions, and for the future. 

A questionnaire was developed and sent to 291 North 

American leaders in geophysics in education, government, and 

industry. It inquired about future demands for geophysi-

cists, problems related to the energy shortage, and the 

proportion of the curriculum which should be devoted to the 

following areas of study: geophysics, geology, physics., 

mathematics, other technical subjects, non-technical re

quirements, electives, and instruction in the use of 

specific instruments and field techniques. Data were 

analyzed by respondent function. Data obtained from 89 

catalogs of schools offering degrees in geophysics were 

compared with data from 182 returned questionnaires; 

similarities and differences were noted. 

Questionnaire respondents recommended the following 

distribution for the undergraduate geophysics curriculum: 

48% to 54% geophysics, geology, physics, and mathematics; 

about 22% other technical requirements (chemistry, engi

neering, computer programming, technical writing, etc.); 

14% to 18% studies such as English, physical education, 

xi 
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social studies; about 13% electives exclusive of those in 

basic and technical subjects. College requirements in geo

physics at present are 10% lower than recommended by 

respondents and in geology 12% higher than recommended. 

Respondents recommended about 18 semester hours in geo

physics for a B.S., but only 47% of the colleges offering 

geophysics degrees offer a total of 18 or more hours in 

geophysics, including graduate courses. Technical require

ments at present are almost 10% lower than recommended, and 

non-technical requirements almost 5% higher. Academic re

spondents rate thesis writing, humanities, and some 

electives as more important than respondents in other cate

gories; college requirements tend to agree more closely with 

the ratings of academic respondents. Academic respondents 

rate report writing, business, economics, and statistics 

lower than other respondents. 

A majority of the respondents were opposed to a 

differentiation of geophysical science and exploration pro

grams at the undergraduate level. However, explorationists 

were slightly in favor of differentiation. It was generally 

agreed that 70% of the exploration curriculum should consist 

of fundamentals, and 30% should consist of instruction in 

specific instruments and field techniques. 

A sizeable percentage (36%) of exploration re

spondents did not believe present programs were preparing 

geophysicists for future needs. Sixty per cent of them did 
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not believe university research was adequate. Responses 

from other respondent categories were more favorable. Data 

from the literature showed a Spearman rank order correlation 

coefficient between items in which geophysicists have compe

tence and the importance of these items to their work of 

.17. The corresponding coefficient for mathematical items 

was .31. 

Judged on the basis of course titles, the geophysics 

curriculum has remained relatively stable for the last 20 

years. Eighty per cent of the undergraduate geophysics 

courses offered can be grouped into three categories: 

introductory survey courses, courses in seismology, and 

courses in gravity and/or magnetism. Remote sensing, atomic 

and nuclear physics, and radioactivity are anticipated to be 

of relatively greater importance by 1986 than at present. 

Computer programming is expected to be more important for 

industrial needs. 

Tables are given which rank academic subjects as a 

function of respondent category. These tables will be 

useful in advising students. 

A majority of the respondents believed it was 

possible for the United States to be self-sufficient in 

energy by the year 2000. Geophysicists believed that coal 

and off-shore petroleum will be supplying much of our energy 

by 19 86. By the year 2000 it is expected that coal and 

fission will be supplying the bulk of our energy, and that 
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by the year 2025 fusion and solar energy will be supplying 

most of the energy consumed. 



CHAPTER I 

INTRODUCTION 

One of the aftershocks of the energy shortage in the 

winter of 1973-74 was a scramble for geophysicists of all 

degree levels. Large mining and petroleum companies doubled 

and even quadrupled their recruiting activities. As 

exploration for energy sources gained momentum, a spokesman 

from one giant petroleum company (Henderson, 1974a, p. 24) 

stated "We are sitting on the edge of a great boom market 

for earth scientists." 

In other respects, too, the earth sciences, and in 

particular geophysics, are coming into greater recognition 

and importance, and a state of great expectation is emerging 

after a period of stagnation, uncertainty, and dissatisfac

tion. In the realm of basic knowledge, the earth sciences 

are experiencing a revolution, caused by the concept of 

plate tectonics, which is similar in some ways to the 

revolution that occurred in physics at the turn of the 

century with the discoveries of radioactivity, the principle 

of relativity, and quantum mechanics. In the realm of 

applications, new techniques of exploration are being 

developed that will improve the efficiency for discovering 

mineral resources. Diminishing mineral reserves and the 

1 
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need to find other resources encourage faster and greater 

change and an improved science. 

The need for a study of the geophysics curriculum is 

clear. What are the trends in geophysics education and how 

best can the curriculum be optimized? This work is an 

attempt to answer this question by assessing first the need, 

as determined from the literature and by a questionnaire to 

leaders in geophysics, and second by evaluating the programs 

that are presently available in colleges and universities of 

North America. 

Purpose of the Study 

Although geophysics courses have been taught in 

North America since 1910 and the number of schools offering 

degrees in geophysics has increased from 24 in 1950 to 91 in 

1972, no comprehensive study of geophysics education in 

North America has been undertaken to date. The purpose of 

this study is to describe major aspects and needs of the 

geophysics curricula and to optimize the curricula for 

different work functions, and for the future. 

Objectives of the Study 

The objectives of the study are as follows: 

1. To determine the educational needs of geophysicists 

as judged by three groups of leaders in geophysics. 

2. To determine the present status of geophysics 

education in North America. 



3. To ascertain whether the present curriculum meets 

the present and foreseeable future needs of geo

physicists . 

4. To determine the trends in geophysics education and 

to estimate future demands. 

5. To learn whether mineral shortages and the environ

mental thrust will require new geophysics degree 

programs. 

Hypotheses to be Tested 

The following hypotheses provided order and 

direction for the study: 

1. The demand for geophysicists and degree-granting 

programs is accelerating. 

2. Present educational programs are not meeting the 

need of geophysicists. 

3. The educational needs of geophysicists in industry 

differ from the needs of geophysicists in education 

and research. 

Assumptions 

The following assumptions were made: 

1. Academic, government, and industry leaders in geo

physics are aware of educational needs and answered 

the questionnaire with integrity. 

2. The opinions of the respondents could be assigned 

equal weight. 



3. The present state of geophysics education could be 

determined from the questionnaire and from catalog 

data. 

4. The conclusions are applicable to geophysics educa

tion in North America. 

5. Trends in employment and geophysics education could 

be predicted. 

6. Geophysics programs should coordinate with the work 

function of graduates and will make a difference in 

the way they perform when they are employed. 

Limitations of the Study 

1. The study is limited to solid-earch geophysics 

education in North America. 

2. The results are limited to a degree by the complete

ness and accuracy of the responses, and by the 

number of unreturned questionnaires. 

3. Curriculum development is not attempted, but recom

mendations are made. 

4. The study is not concerned with quality•of instruc

tion per se. 

5. The findings are conclusive only insofar as they 

relate to the dynamically changing phenomena of 

geophysics education in North America. 



College programs included in the study are re

stricted to programs in colleges for which catalogs 

were available. 

The study was limited because graduate programs as 

given in catalogs do not explicitly list all re

quirements; the Ph.D. in particular is flexible. 

Samples are nonrandom. 

The knowledge of the respondents is limited to the 

past and present. 

Glaciology, geocosmogony, and geochronology are not 

considered branches of geophysics. 

Definition of Terms 

Geophysics: the term is limited to the application 

of geology and physics to the solution of problems 

involving the solid earth and excludes atmospheric 

physics unless atmospheric processes apply to the 

solid earth. 

Geophysics education: the term is used to indicate 

work toward the B.S., M.S., and Ph.D. degrees. 

Leaders in geophysics; leaders in geophysics are 

professors, chief geophysicists, exploration 

managers, and government geophysicists listed in 

American Men and Women of Science (1971), or their 

designees. 
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4. Nonrenewable resources: nonrenewable resources are 

resources that exist on earth in fixed amounts and 

that are not replenished. 

5. North America: North America comprises Canada, the 

United States, and Mexico. 

6* Plate tectonics: plate tectonics is a theory that 

divides the outer portion of the solid earth into 

six large plates and a dozen smaller plates that 

move laterally over underlying material. Plate 

tectonics, also called global tectonics, is a 

corollary of sea-floor spreading. 

7. School: this term means college or university. 

Organization of the Study 

Chapter II discusses recent developments in geo

physics and related areas and provides a background for the 

importance of the geophysics curriculum to mankind, the 

accelerated demands being made of geophysicistsand the 

rapid changes which are taking place. It provides a back

ground for projecting trends into the future and for some of 

the questions in the questionnaire. Chapter III summarizes 

the literature related to the problem. Chapter IV describes 

the research methodology and procedures used in the study. 

Chapter V presents an analysis of catalog and questionnaire 

data and their comparison. Conclusions and recommendations 
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comprise the final chapter, Chapter VI. Ten appendices and 

references follow Chapter VI. 

Summary 

This chapter introduced the purpose of the study. 

The geophysics profession is presently experiencing a 

revolution and additionally is being asked to locate mineral 

resources at an increasing rate. No comprehensive study of 

the geophysics curriculum has been made previously. 

The purpose, then, is to describe major educational 

needs of geophysicists for mineral exploration and 

scientific research. It is also relevant to consider trends 

in geophysics education and anticipated future demands for 

geophysicists. 

After the purpose of the study was discussed, 

the objectives of the study were presented along with the 

hypotheses to be tested and limitations of the study. 

The organization of the study and some of the terms used 

in a specialized way were then defined. 



CHAPTER II 

RECENT DEVELOPMENTS IN GEOPHYSICS 
AND RELATED AREAS 

The importance of geophysics is explained by develop

ments both within and outside the field itself. Within the 

field, recent major advances in theory and application have 

provided exciting new background and tools for research and 

exploration. Outside the field, a generally increased 

awareness that the earth's resources are finite is stimu

lating researchers in many disciplines, including geo

physics, to examine their own fields for sorely-needed 

solutions to today's and tomorrow's problems. In this 

chapter we explore representative aspects of these various 

developments and provide a background for the accelerated 

demands being made of geophysicists and their education. 

Recent Major Advances in Geophysics 

Within the past 10 years, the field of geoscience 

has been revitalized—revolutionized, according to some— 

with the new theory of global tectonics and its numerous 

ramifications. Concurrently, new techniques for explora

tion, which include new seismic methods and methods of 

planetary exploration, have added new factors to the 

discovery of resources. 

8 
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The New Global Tectonics 

The history of science is punctuated by many 

hypotheses that have not stood the test of time. The 

hypothesis of continental drift appeared to belong to this 

category until—modified by recent findings and renamed 

"global tectonics"—it evolved into a comprehensive theory 

that rationalizes large masses of data and explains many 

aspects of the solid earth. Indeed, in the opinion of many 

writers (Wilson, 1968, 1969; Cox, 1973; Hallam, 1973) the 

new global tectonics has sparked a revolution in geophysics. 

Presented in more detail below are highlights of the 

development and ramifications of the new global tectonics. 

Volumes have been written on the subject, and it is im

possible here to give more than a brief survey. Easily read 

discussions of plate tectonics and supporting studies are 

those by Anderson (1972); Dewey (1974); Dietz (1972); Dietz 

and Holden (1972); Hallam (1973; 1974); James (1974); 

Matthews (1973); McKenzie and Sclater (1974); Rona (1974); 

Takeuchi, Uyeda, and Kanamori (1970); and Wilson (1972). 

Continental Drift. The jigsaw match of continental 

coastlines across the Atlantic must have been noticed almost 

since the first maps were drawn, but it was Alfred Wegener 

(1924) who first developed and articulated a comprehensive 

theory to explain it. He assembled data that showed close 

parallels of rocks, fossils, and structures across the 
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Atlantic, and he hypothesized that all the continents had 

originally been joined (some 200 million years ago) in a 

single supercontinent. He hypothesized that forces caused 

by the earth's rotation broke the supercontinent into frag

ments, opening the South Atlantic when South America moved 

westward relative to Africa and opening the North Atlantic 

when North America shifted westward. He believed that the 

continents floated on a denser substratum and moved like 

icebergs in an ocean. 

Wegener's theory was received sympathetically at 

first, but stubborn antagonism began to develop following 

the lead of an English geophysicist, Sir Harold Jeffreys, 

and following a 1928 symposium of the American Association 

of Petroleum Geologists. Jeffreys did not attack the theory 

in general but did reject, correctly, Wegener's ideas on 

the nature of the forces responsible for the movement. The 

symposium participants, on the other hand, believed the 

jigsaw-puzzle fit was incorrect and that similar rock 

formations on corresponding sides of the Atlantic were not 

closely related. Fossil similarities were explained by 

hypothetical land bridges between continents. The symposium 

participants also questioned whether it was possible for a 

continental mass to drift through solid materials. 

Opposition to the theory hardened after Wegener's 

death in 1930, even though Holmes (1945) strengthened the 

theory by suggesting convection currents as the force 
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responsible for the movement. A convection current is a 

movement of mass caused by differences in density. In the 

solid earth, density differences are partially caused by 

temperature differences, which in turn may be caused by 

radioactivity. Holmes proposed that an ascending convec

tion current rising beneath the central part of a continent 

at a few centimeters a year would pull the continent apart. 

Unfortunately, Wegener, a meteorologist, did not have 

credentials in geology or geophysics. His ideas were 

premature for his time and differed from prevailing beliefs. 

By the end of the 1930's, the theory of continental drift 

had generally been dismissed and may have died altogether 

if new evidence had not been found to support it; scientific 

inertia is difficult to overcome. 

Sea-Floor Spreading. The revival of this theory 

arose from studies of the magnetization of old rocks and the 

suggestion that a system of midocean ridges extends (for 

40,000 miles) through the ocean basins (Wilson, 1972). 

Magnetic studies of continental rocks showed that 

continents have changed latitudes, and other studies of the 

sea floor showed a regular pattern of elongated, parallel 

magnetic strips. Hess proposed that the floor of the sea 

cracks open and spreads apart along the crest of midocean 

ridges. New crust forms in the rift and is magnetized by 

the earth's magnetic field. The earth's magnetic field 
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reverses polarity at irregular intervals of a few hundred 

thousand years or less, and thus later strips are magnetized 

with a different polarity. Hess thus proposed that conti

nents do not move as icebergs in water but as rafts frozen 

into and moving with the sea floor (Wilson, 1972). The. 

absorption of the sea floor, according to this theory, takes 

place beneath zones of deep-sea trenches in subduction zones. 

This idea is supported by studies that show that sedimentary 

material on the ocean bottom is relatively young compared 

with the continental material. 

The continental drift hypothesis was still regarded 

with skepticism by U.S. geophysicists as late as 1963. It 

gained considerable support, however, as a result of new 

findings between 1963 and 1968. These findings are dis

cussed by Hurley (19 72). Studies began to accumulate re

garding magnetic stripes in the Indian Ocean and south of 

Iceland (Vine and Matthews, 1963) and regarding magnetism 

frozen into continental rocks and ocean sediments. Finally, 

at the 1966 annual meeting of the Geological Society of 

America, the back of the opposition was broken after several 

papers were delivered on the new evidence. Later, con

siderable support was given by a comprehensive study of 

seismological data (Isacks, Oliver, and Sykes, 1968). 

Hurley (1972) dated rocks, using standard radio

activity dating methods, on both sides of the Atlantic, and 

found no age incompatibilities of like materials on 
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corresponding sides. In addition, he further delineated 

structural trends that correspond in North America and 

Western Europe. 

Plate Tectonics. Heirtzler (1972) introduced, as a 

corollary of sea-floor spreading, the concept of plate 

tectonics, which has now become a synonym for glohal 

tectonics. The concept of plate tectonics divides the earth 

into six major plates (African, American, Antarctic, 

Eurasian, Indian, and Pacific) of relatively large size— 

the Pacific plate, for example, embraces the entire Pacific 

Ocean--and about a dozen smaller ones, such as the plate 

that is essentially the same as Turkey. Plates are most 

likely 50 to 150 km thick (this is not certain) and extend 

to the surface from the asthenosphere, a layer made of less 

dense, hotter, and more plastic material than the plates. 

The plates thus slip laterally over this plastic layer. 

Acceptance of the Theory. Less than 15 years ago 

in the United States, opinion against the theory of conti

nental drift was so strong that anyone openly adhering to it 

would have been risking his professional reputation; today 

the reverse may be true. 

However, opposition to a theory sometimes dies hard. 

Opposition to a different theory—that ice once covered 

large portions of North America and Europe—ceased only when 

the last opponent died. It seems likely that this chain of 
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events must be repeated with regard to plate tectonics. The 

leading dissenters today are Meyerhoff (1970, 1971) and 

Meyerhoff and Meyerhoff (1972a, 1972b), who have 

heroically undertaken to challenge a large portion 
of the evidence for continental drift . . . in a 
series of lengthy, belligerent articles which, if 
nothing else, attest to an amazing capacity to cope 
with a vast literature. Meyerhoff must be credited 
with the only sustained effort to tackle the 
relevant evidence, but so far he has not succeeded 
in raising serious doubts among the Earth sciences 
community at large" (Hallam, 1973, p. 63). 

Other dissenters are Sir Harold Jeffreys, who believes that 

the viscosity of the mantle prohibits lateral shifts, V. 

Beloussov, a Soviet structural geologist, and at least to 

some extent W. Carey. Many other American and European 

geologists may be waiting for remaining unsolved problems to 

be settled before committing themselves (Lloyd, 1973). 

Ramifications of the Theory. The new global 

tectonics supplies answers for many previously unanswered 

questions. We have room here to explore only a few of these. 

Plate tectonics may explain the formation of islands. 

As a plate moves over a hot spot, upwelling occurs. Thus, 

the Hawaiian Islands may have been produced as the Pacific 

plate moved over a hot spot; these islands increase in age 

to the northwest, indicating that upwelling progressed from 

northwest to southeast. Other islands, particularly in the 

Atlantic Ocean, increase in age with their distance from the 

mid-Atlantic ridge. Iceland is regarded as a portion of the 



15 

ridge that is above sea level. Many subduction zones are 

paralleled by island arcs, such as the Aleutians and the 

Japanese Islands; these islands may be caused by subducting 

plates. 

Where a subducting zone parallels a continent, and 

the continent is moving over the zone (such as off the west 

coast of South America) mountain ranges (the Andes) are 

formed on land. Other mountains, such as the Urals, are 

produced when two plates collide. 

Rift valleys, such as the ones in East Africa and 

the Dead Sea, are formed where continents are splitting 

apart. The Red Sea and the Gulf of Aden are embryo oceans, 

being formed as Africa and Arabia move away from each other. 

The theory of moving continents also explains how 

coal could have been formed in Antarctica, and oil in 

Alaska. Having been in different positions than now, these 

lands would once have had warm climates. Likewise, moving 

continents explain the presence of ice ages—which have 

appeared on the earth at least three times--in areas that 

are today warm. Ice ages occur on land masses when they 

are near polar regions (Crowell and Frakes, 1970). 

Dietz and Holden (1972) have considered the global 

pattern of continents from 200 million years ago to 50 

million years in the future. (Their ideas, by the way, 

agree with those of Wegener.) A supercontinent, Pangaea, 

much of which was near the south pole, began to break up 180 
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million years ago and formed two supercontinents, Laurasia 

in the Northern Hemisphere and Gondwanaland in the Southern 

Hemisphere. Except for a connection between North America 

and Western Europe and one between Antarctica and Australia, 

the supercontinents had fragmented by 65 million years ago, 

and India had completed more than half its journey from 

Antarctica to the Eurasian land mass. Eventually the con

nections were broken, the two Americas were joined by the 

Isthmus of Panama, and India collided with Eurasia, pro

ducing the Himalayan Mountains. Fifty million years from 

now, according to Dietz and Holden, Australia will be under 

the equator and the Americas will be farther west. The 

eastern portion of Africa will have split off, and the 

Mediterranean Sea will be virtually collapsed. Baja 

California and California west of the San Andreas Fault will 

have separated from North America and moved northward, Los 

Angeles having passed San Francisco some 10 million years 

from now. 

Anderson (1972) shows that the San Andreas Fault 

system, which extends from the Imperial Valley to San 

Franciso and beyond, forms part of the boundary between the 

American plate and the Pacific plate. The latter is moving 

northwestward about 2-1/2 inches per year, but the movement 

is not steady. The plates lock together until stress 

accumulates; then they unlock and jump, sometimes several 

feet, producing an earthquake like that in San Francisco in 



1906. Most earthquakes occur in narrow zones that join and 

enclose other, less active, areas. These zones are found 

not only where plates move laterally relative to one another 

but also in rift valleys, oceanic ridges, mountain belts, 

volcanic island arc chains, and deep-sea trenches--all 

features associated with plate tectonics. These active 

zones are discussed by Dewey (19 74). 

There is no comprehensive theory of the distribution 

and origin of mineral deposits, but it is possible, by 

studying known deposits, to describe conditions under which 

additional resources are likely to be found. Rona (1974) 

and others believe that the distribution of mineral re

sources is associated with ancient and present plate 

boundaries, and thus exploration programs could be concen

trated in specific areas, especially areas of the ocean 

floor. 

It has been recognized that most sulfide ore 

deposits, perhaps including the copper deposits of Arizona, 

are located along boundaries where plates have converged. 

This process is not completely understood but can be 

tentatively explained by the melting of plunging plates as 

they descend to higher temperatures, and the subsequent 

release of mineralizing solutions. Deposits of this type 

include those of Japan, western North and South America, 

and those extending from Pakistan to the eastern Mediter

ranean. Gold deposits, which are not sulfides, follow a 
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similar pattern in that they are related to convergent 

plates. 

Sulfide deposits have also been found associated 

with divergent boundaries, where plates are moving apart, 

as in the Red Sea, on the Island of Cyprus, and the Salton 

Sea rift in California. Manganese has been found in the 

mid-Atlantic rift valley. These deposits suggest that other 

deposits, if deposition is continuous, may extend in zones 

from ocean ridges to adjacent continental margins because 

the ocean floor has spread from the ridges. 

The Troodos Massif on Cyprus is regarded as a 

portion of the ocean bottom formed by sea-floor spreading 

and subsequent upthrust. The mineral deposits of Cyprus, 

including sulfide deposits, are rich but small. They, would 

be difficult to detect under thousands of feet of ocean 

water with present-day exploration techniques. 

Petroleum deposits also can be related to convergent 

and divergent plate boundaries. Petroleum is believed to 

be formed from marine organisms, and a necessary condition 

for its accumulation is a reservoir to trap and contain it. 

Island arc chains, produced by plate motions, typically are 

separated from a continent by a small basin. Examples are 

the Sea of Japan, the East and South China Seas, and the 

Gulf of Mexico. These small basins catch organic material 

and preserve it because circulation is restricted, thus 
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depriving the water of oxygen. In addition, natural de

formations of the sediment serve to trap the petroleum. 

Petroleum deposits may also accumulate at divergent 

boundaries that separate continents. The sea formed between 

the surrounding continents collects sediments and restricts 

the circulation of sea water. Salt may also form if 

evaporation of water exceeds its inflow. Salt domes are 

well known as petroleum traps and are associated with 

petroleum deposits, especially along the Texas and Louisiana 

coasts. Salt domes have been found in the Atlantic, indi

cating the likely occurrence of petroleum there, formed by 

the process outlined above. 

Thus the theory of plate tectonics not only has 

revolutionized the earth sciences and provided a coherent 

framework for phenomena as diverse as earthquakes and ice 

ages, but it also gives us a new insight into locating new 

mineral deposits. 

New Techniques for Exploration 

The New Exploration Seismology. New developments in 

exploration seismology include the bright spot technique, 

250-1,000 trace cables, and the use of minicomputers in the 

field. As representative of the new exploration seismology, 

we discuss here the bright spot technique. 

The direct detection of oil and gas (hydrocarbons) 

has been a desirable goal for geophysicists since the early 
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1920's, but until the past few years only indirect methods 

have been used to infer their presence. Improvements in 

data acquisition and processing now make it possible to 

detect the presence of underground natural gas, especially 

in offshore areas, by a technique called "bright spot" or 

"hot spot" because amplitudes on seismograms are enhanced 

by gas deposits. 

If denotes the velocity of a wave and the 

density of a medium in which a wave is incident on a second 

medium with velocity V2 and density D2, then the reflected 

amplitude A is given by 

Vl°l ~ V2°2 A — . x £ £la 
r VlDl + V2D2 i' 

where A^ is the incident amplitude (Craft, 1973, p. 114). 

The presence of natural gas in a formation decreases both 

the velocity V2 and density / and thus A^ is increased, up 

to a value as large as 1/3. Compare this value with 1/20, 

which is a large value for a reflection coefficient of a 

wave on a boundary of normal lithologic contrasts. The 

bright spot technique was not used before 1965 because data 

were collected using automatic amplitude control, which 

continuously adjusted amplifier gain. New amplifiers, of 

which the gain is controlled and recorded precisely, and 

third-generation computers enable geophysicists to com

pletely control and preserve amplitudes. This technique 

and some of the problems associated with it are discussed 
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in more detail by Craft (197 3) and Larner, Mateker, and Wu 

(1974) . 

Many of the data and examples of "bright spot" are 

proprietary, but mentions of discoveries as a consequence 

are found in the literature. Craft (1973, p. 117) believes 

"the technique was probably responsible in part for the 

tremendous prices paid for some of the blocks in the recent 

Offshore Louisiana sale," and one news article states that a 

major company is credited with seven straight discoveries in 

northern California as a result of the technique. 

Planetary Exploration. Planetary exploration could 

include a discussion of the geophysical studies of the Moon, 

Mars, and other planets, but we choose here to represent 

these developments by a discussion of the earth resources 

satellite. 

The earth resources test satellite (ERTS), launched 

in June, 1972, obtains pictures of the earth's surface in 

2 100-mi overlapping frames and telemeters them to earth. 

Its purpose is to conduct an inventory of earth's resources. 

One project in Arizona is engaged in the identification of 

structural and lithologic boundaries and their relationship 

with ore deposits (Lepley and Foster, 1972). 

Perhaps the best overview of the ERTS program is 

given by Baker (1974), in his report on the third ERTS 

Symposium, held in Washington, D.C., on December 10-12, 
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1973. Geophysical applications reported at the meeting 

included mineral exploration and the monitoring of geologic 

hazards. Explorationists in Alaska have recognized that 

sites of mineralization may be located at fault inter

sections, and ERTS imagery can locate such intersections and 

thus direct attention to likely sites. Maps of potential 

mineralization can then be constructed and exploration 

programs directed with maximum efficiency. A structural 

feature in Alaska located with the aid of ERTS imagery may 

contain hydrocarbon deposits, and a study of photographs 

taken of northern Texas indicates that tonal anomalies may 

correlate with oil-producing regions. A fracture system in 

California, found by investigators using ERTS imagery, may 

be related to mercury deposits and also potential hydro

carbon accumulations. 

Other workers in Alaska (Gedney and VanWormer, 19 74) 

using ERTS imagery and seismic data, have located several 

previously undetected faults. Zones of seismic risk thus 

located can serve as aids for local planners. Seismic-

hazard zones have been located and seismic-risk maps have 

been constructed for parts of California. These maps can 

aid in locating new sites for earthquake monitoring stations 

and nuclear power plants. 



Increased Awareness that Resources 
are Finite 

Many of our most important mineral resources are not 

renewable. Two reports by the Club of Rome have indicated 

quantitatively—if perhaps pessimistically--that without 

immediate and wise planning of these resources civilization 

is doomed to collapse within a century. Changes in life

style and policies may be mandatory if such a collapse is to 

be averted. Meanwhile, the economic and political security 

of the nation is dependent on the finding and obtaining of 

mineral resources, especially energy sources, and building 

plants to employ them. 

Mineral and Energy Resources 

Nonrenewable resources—those that exist in fixed 

amounts on the earth and cannot be renewed—are the chief 

interest of the geophysicist. Two broad categories of non

renewable resources are metals and energy resources. 

Metals can be divided into two categories based on 

their crustal abundance. The abundant metals, such as 

aluminum, iron, magnesium, manganese, and titanium, have 

average crustal abundances greater than 0.1%. The scarce 

metals, such as copper, gold, lead, platinum, silver, and 

zinc, have crustal abundances below 0.1%. Shortages are 

likely to develop first in this second group. 
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Of the energy resources—fossil fuels, nuclear, 

geothermal, solar, tidal and water, and wind—the fossil 

fuels are nonrenewable. Fossil fuels are found in sedi

mentary basins. Coal is produced from the remains of fresh

water plants, and petroleum from the remains of plants and 

animals. Tar sands are sands cemented together with tar, 

and oil shales are shales ,that contain bituminous organic 

matter. 

Nuclear energy for peaceful uses potentially can be 

derived from two sources, nuclear fission and nuclear 

fusion. Nuclear fission is the process by which a heavy 

radioactive nuclide breaks, usually into two ligher elements 

whose masses when added together are less than the mass of 

the parent element. The mass difference is converted to 

energy. In a similar way the fusion of two or more light 

elements will produce energy. Breeder reactors are designed 

to produce more fissionable material than is consumed, and 

if they become practical, unending supplies of fissionable 

materials will be available. 

Geothermal energy, meaning energy derived from the 

earth's heat, is used to generate electricity by releasing 

steam from naturally hot areas, either by drill holes or 

natural vents, and then channeling it to generators. Only 

the geyser field north of San Francisco, California, has 

been developed as a geothermal energy source in the United 

States. 
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The largest energy source by far—indeed all energy 

sources other than geotherraal and nuclear are derived in

directly from it--is solar energy. This may be the ultimate 

energy source to which man will turn. 

Tidal energy, which utilizes water moving into and 

out of marine basins, has not been developed in North 

America although France and the USSR have turbines operated 

by tidal flow. Water impounded by reservoirs is used to 

generate electricity. 

First Report of the Club of Rome: 
The Limits to Growth 

The Club of Rome is an informal international 

association of scientists, educators, economists, humanists, 

industrialists, and civil servants whose purpose is to 

promote better understanding of the complex and interrelated 

components which make up the global system. Its first 

report, The Limits to Growth (Meadows et al., 1972), in

vestigates five major trends of global concern: accele

rating industrialization, rapid population growth, wide

spread malnutrition, depletion of nonrenewable resources, 

and a deteriorating environment. Of primary interest here 

is the fourth trend, the depletion of nonrenewable resources. 

The expected rate of increase of these trends 

follows an exponential growth pattern, which means that, 

each year, the totals increase by a constant percentage of 

the whole, rather than by a fixed amount. Exponential 
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growths are deceiving because, although they appear to be 

slow at first, they generate large numbers very quickly, and 

they approach a fixed limit very suddenly. To illustrate: 

Suppose you own a pond on which a water lily is 
growing. The lily plant doubles in size every day. 
If the lily were allowed to grow unchecked, it 
would completely cover the pond in thirty days, 
choking off the other forms of life in the water. 
For a long time the lily plant seems small, and so 
you decide not to worry about ,cutting it back until 
it covers half the pond. On what day will that be? 
On the twenty-ninth day, of course. You have one 
day to save your pond (Meadows et al., 1972, p. 29). 

This analogy applied to resources suggests the suddenness 

with which the exhaustion of supplies will occur. 

Now, projecting from known reserves and rates of 

usage, The Limits to Growth arrives at the number of years 

from 1970 that reserves of specific minerals will last, on 

a global basis. It gives these first for the 1970 rate of 

usage ("static index"), then for a rate of usage of average 

exponential growth ("exponential index"). It also gives the 

number of years these reserves will last if multiplied by 

five (that is, assuming present known reserves could be 

increased fivefold by new discoveries) and consumed by 

exponential growth. Resources with an exponential index 

(years to exhaustion) of less than 25 are reproduced in 

Table 1. Also given in the table is the present U.S. con

sumption as a percentage of the world total. Note that the 

average exponential index for present reserves is 17 years, 

and that for present reserves increased fivefold is 48 



Table 1. Projected Lifetimes, from 1970, of Selected Nonrenewable Resources — 
Source: Meadows et al., 1972 (pp. 56-59). 

Static 
index 
(yrs) 

Growth 
(% per 
(year) 

Exponential index (yrs) U. s. 
consump
tion (% 
of world) Resource 

Static 
index 
(yrs) 

Growth 
(% per 
(year) 

For known 
reserves 

For known 
reserves x 5 

U. s. 
consump
tion (% 
of world) 

Gold 11 4.1 9 29 26 

Mercury 13 2.6 13 41 24 

Silver 16 2.7 13 42 26 

Tin 17 1.1 15 61 24 

Zinc 23 2.9 18 50 26 

Petroleum 31 3.9 20 50 33 

Lead 26 2.0 21 64 25 

Copper 36 4.6 21 48 33 

Natural gas 38 4.7 22 49 63 

aAverage projected rate of growth. 
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years. Thus, as a rough estimate, if reserves are increased 

fivefold, they will last some 30 years longer at an expo

nentially increasing usage rate. 

Further analysis of all resources, taking into 

account the fact that costs will increase as supplies are 

depleted, showed that "the great majority of the currently 

important nonrenewable resources will be extremely costly 

100 years from now" (Meadows et al., 1972, p. 66). 

An interesting aspect of this first study by the 

Club of Rome is the various computer projections with 

various fixed and variable parameters. 

1. The standard world model projection assumes no major 

change in the significant economic, physical, or 

social parameters that have governed growth, except 

that a 250-year supply of resources at 1970 usage 

rates is assumed. Food production, industrial out

put, and population finally collapse well before 

A.D. 2100 because of a rapidly diminishing resource 

base (Meadows et al., 1972, p. 124). The time is 

uncertain because of many uncertainties in the 

model. 

2. An additional run with the same conditions as before 

except that population is held constant shows that 

a collapse occurs because of the eventual depletion 

of nonrenewable resources (Meadows et al., 1972, p. 

160) . 



Another projection assumes that the global system is 

producing abundant nuclear power, that 75% of the 

mineral resources used are recycled, and that the 

most remote areas are mined. There is still an end 

to growth and a collapse of food production before 

A. D. 2100 (Meadows et al., 1972, p. 140). 

In the first of two stabilized world models, 

policies include resource 'recycling, pollution 

control devices, increased lifetime of all forms of 

capital, and methods to restore eroded and infertile 

soil. Increased emphasis on food and services 

rather than industrial production is also assumed 

(Meadows et al., 1972, p. 165). Although the system 

does not collapse, the assumptions are unrealistic. 

Another projection with idealized policies starting 

in 1975 projects a stable world model with no 

collapse (Meadows et al., 1972, p. 168). However, 

if these policies are delayed until A.D. 2000, 

equilibrium is no longer possible and the system 

collapses before A.D. 2100 (Meadows et al., 1972, 

p. 169). 

The conclusions of the study are as follows: 

If present growth trends continue . . . unchanged 
the limits to growth on this planet will be 
reached sometime within the next one hundred 
years. The most probable result will be a rather 
sudden and uncontrollable decline in both popu
lation and industrial capacity. 
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2. It is possible to alter these growth trends and 
to establish a condition of . . . stability 
that is sustainable far into the future. . . . 

3. If the world's people decide to strive for this 
second outcome rather than the first, the 
sooner they begin working to attain it, the 
greater will be their chances of success 
(Meadows et al., 1972, p. 23). 

Several criticisms have been leveled at The Limits 

to Growth (Douglas, 1974; Meadows et al., pp. 186-188; 

Mesarovic and Pestel, 1974, pp. 202-204). Some are as 

follows: 

1. The real world contains an infinite number of 

variables, all of which cannot be modeled. Thus 

the interactions studied were only partial. The 

world was taken as an aggregation and average world 

curves were obtained; obvious heterogeneities exist 

from country to country. In addition, the study 

considered material systems only, and social 

elements were not included. 

2. The possibility of new scientific and technological 

breakthroughs such as unlimited solar energy and the 

mining of common rocks for minerals was minimized. 

3. The discovery of new mineral deposits is more 

probable than the study admits. 

4. The data base is inadequate and unreliable. 

5. Pollution control can be effective to prevent 

literal poisoning of the earth's people. In any 
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event, pollution variables are so uncertain that 

assumptions cannot be made. 

6. The report was generally taken to be gloomy and a 

prophecy of doom. (This criticism, however, has 

been quashed by the energy and food crises.) 

7. Questionable logic and mathematics were employed. 

Indeed, one researcher who borrowed the computer 

program found an error that he contends invalidated 

the conclusions of the report. 

8. Others feel that technology will take care of every

thing and this approach is easier than trying to 

change attitudes. 

9. All things may not grow at exponential rates. 

10. The authors clearly imply that equality of distribu

tion must be achieved among nations and among indi

viduals . 

Serious scholars cannot doubt, however, that the 

report is a step in the right direction; there are limits to 

growth. The report looks at the world as a whole, as indeed 

it is, for problems and policies in one country are not 

isolated there and generally can affect the entire world. 

The report is also especially valuable because of its clear 

discussion of exponential growth. 
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Second Report of The Club of Rome: 
Mankind at the Turning Point 

Mankind is in a state of rapid transition and may be 

at a turning point. We can follow the old road into the 

future, but, as the authors of The Limits to Growth (Meadows 

et al. , 1972) concluded, such a path could lead to monstrous 

economic and political costs as well as immense human 

suffering (500 million children may die). Or we can take 

the path of full global cooperation with far-sighted alloca

tion of world resources. 

Allocation of resources is not presently equitable. 

In Mankind at the Turning Point, data are given on the de

pendence of the developed nations on the nonrenewable re

sources from the rest of the world. For example, the U.S. 

deficit of payments caused by the import of materials is 

projected to reach $20 billion annually by 1985 and $60 

billion annually by 2000: 

In 1970 the U.S. imported all of its requirements 
for chromite, columbium, mica, rutile, tantalum, 
and tin; more than 90% of its requirements for 
aluminum, antimony, cobalt, manganese, and 
platinum; more than half its requirements for 
asbestos, beryl, cadmium, fluorspar, nickel, and 
zinc; and more than a third of its requirements for 
iron ore, lead, and mercury (Mesarovic and Pestel, 
1974, p. 23). 

By the year 2000, the U.S. will be importing about 80% of 

all its ferrous metal requirements, excluding iron, and 

about 70% of all nonferrous metals. 
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In Mankind at the Turning Point (Mesarovic and 

Pestel, 1974), the authors divide the world into 10 regions, 

which can be treated separately or collectively. Main 

groupings are the developed regions, the socialist world, 

and the less developed regions. Within these regions, the 

authors distinguish between undifferentiated growth, a 

purely exponential increase, and organic growth, a balanced 

differentiated growth that would differ from region to 

region. Although regional catastrophies could occur from 

organic growth, worldwide collapse would not necessarily 

follow. 

Two present crises, the energy shortage and the food 

shortage, are analyzed by scenarios, sequences of possible 

events and sociopolitical choices, for 50 years into the 

future. The energy scenarios (Mesarovic and Pestel, 1974, 

pp. 95-100) which are of interest for the present discus

sion, show that, if oil prices had remained at earlier low 

levels, excessive use and waste \vould exhaust worldwide 

petroleum supplies by the end of the century, and alterna

tive sources would not be developed. With the present high 

prices, on the other hand, the developed world must open up 

alternative energy sources--which, however, requires large 

capital investment, to the detriment of not only the less 

developed regions but also the Organization of Petroleum 

Exporting Countries (OPEC). The approach that is best in 

the overall perspective is to find an "optimum price," which 
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Mesarovic (Douglas, 1974, p. 269) feels is about $9 per 

barrel. During the coming decade, oil would be imported at 

this price into the consuming countries to maintain their 

socioeconomic stability. In the period from 1985 to 2000, 

petroleum supplies would be supplemented with coal, gas, and 

liquefied coal. In return for their cooperation, OPEC 

would be guaranteed a permanent role in the post-oil era by 

the construction in these countries of solar energy instal

lations. The value judgment of the authors of Mankind at 

the Turning Point is that the long-term solution of the 

energy problem, after A.D. 2000, is solar energy and not 

nuclear power--which they feel is a Faustian bargain. (They 

calculate that, by A.D. 2025, 50 nuclear power installations 

would be needed in every state of the U.S.; the world's 

energy needs, moreover, would require the construction of 

two reactors per year (Mesarovic and Pestel, 1974, pp. 

132-133). 

U.S. Energy-Resource Outlook 

Considering just one of the vital world-wide needs— 

energy--and realizing that the United States imports large 

amounts of the necessary resources for energy, let us look 

at the types of energy sources utilized in the United 

States today (Anderson, 1975): 
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Per cent of total 

Petroleum 4 6 
Natural gas 31 
Coal 17 
Hydroelectricity 3.2 
Nuclear 1.8 
Geothermal 0.001 

Hubbert (1969, 1973) discusses the U.S. outlook of 

these energy resources. The exploitation of a non-renewable 

fuel must begin at zero, undergo a period of more or less 

continuous increase after an initial discovery, reach a 

peak, and then decrease to zero. A graph of U.S. coal pro

duction plotted vertically versus time horizontally will 

yield a positively skewed curve. The time to consume the 

middle 80% is estimated to be the 150 to 200 years following 

2000 A.D. 

Hubbert in 1962 found that the rate of proved 

discoveries of U.S. crude oil passed its peak in 1957, proved 

reserves peaked about 1962, and the peak in production was 

predicted to occur about 1968-1969. The corresponding dates 

for natural gas were 1961, 1969, and 1977. In actual fact, 

crude oil production peaked in 1970, the peak of proved 

reserves of natural gas occurred in 1967, and the peak of 

natural gas production in 1974-1975. Hubbert believes the 

middle 80% of the ultimate U.S. crude oil production is 65 

years, beginning about 19 37 and reaching to 2003. For the 

world the middle 80% is estimated to be in the period from 

1967 to 2032. 
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As mentioned earlier, however, some energy sources 

such as solar and hydroelectric are renewable. The future 

of other sources is summarized as follows: 

Hydroelectric Power. About 30% of the overall U.S. 

capacity has been developed. Hydroelectric power cannot 

replace power from fossil fuels, however, because at most it 

could supply only 10% of 1975 needs. 

Nuclear Power. Although abundant nuclear energy and 

breeder reactors have been "right around the corner" for 

decades, this power source has developed only slowly--for 

financial, technical, and psychological reasons. 

Pros and cons of fission power development are dis

cussed in Perspectives on Energy (Ruedisili and Firebaugh, 

1975). Real and imagined areas of concern surrounding this 

energy source are (1) transportation and reactor accidents 

and the possibility of a catastrophe, (2) the disposal of 

radioactive wastes from reactor operations, (3) radioactive 

mine tailings, (4) the safeguarding of breeder produced 

Plutonium to prevent its falling into the hands of 

terrorists, (5) the capital outlays necessary for plant 

construction, and (6) thermal wastes. Nevertheless, the 

United States may have no choice but to employ all available 

domestic energy sources, and geophysicists will be needed to 

locate additional uranium sources, to assist in site 
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selection for new nuclear generating plants, and to assist 

in locating potential disposal sites for radioactive wastes, 

Hubbert (1969) discusses the need for breeder 

reactors. Without them, he believes that the time span of 

large scale power production from fission energy will be 

less than a century; with breeders, it could be possible 

to utilize low grade ores and even common rocks for energy 

production. Hubbert (1969, p. 228) believes that 

by the transition to a complete breeder-reactor 
program before the initial supply of uranium-235 
is exhausted, very much larger supplies of energy 
can be made available than now exist. Failure to 
make this transition would constitute one of the 
major disasters in human history. 

Geothermal Energy. The role of geothermal energy in 

future energy production will be small compared to other 

energy sources, and Hubbert (1973) estimates a range between 

2% and 20% of that available from potential water power. 

However, U.S. geothermal resources are far from contributing 

at their maximum potential (White and Williams, 1975), and 

all available domestic sources must be utilized. 

Locating geothermal energy sources is one way in 

which geophysicists can make major contributions and their 

future education should include studies in this area. Ward 

(1975) lists a number of geophysical topics for further 

research. 



38 

Other Sources of Energy. Problems in mining and 

processing of oil shale deposits are compounded by tailing 

sites and by serious shortages of water. The method is very 

expensive at present. Windpower is negligible at present 

and seems to require large capital investments. Utiliza

tion of tidal energy is feasible only along the New England 

coast and in Puget Sound and Cook Inlet. Methods of util

ization of energy from temperature differentials in ocean 

water, from ocean currents, and from waves are so capital-

intensive as to warrant consideration only for the twenty-

first century. Finally, although many researchers are 

working on solar energy, it is not presently known how solar 

energy will be captured, converted to other forms, and 

stored on a large scale. At present, it does not seem to 

have potential for large scale power production, but tech

nology may overcome this limitation. Nevertheless, solar 

energy and nuclear energy have the most promise of solving 

the energy problem. 

The influence of renewable energy resources, 

according to Hubbert, produce only three possible outcomes 

on the span of human history after the cessation of growth. 

Any resource component may level of at a maximum and remain 

stable, or it may pass through a maximum, decline and then 

stabilize at some lower level, or it may decline to zero. 

Hubbert (1973, p. 54) concludes that 
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our present phase of exponential growth based on 
man's ability to control ever larger quantities 
of energy can only be a temporary period of about 
three centuries' duration in the totality of 
human history. It represents but a brief transi
tional epoch between two very much longer periods, 
each characterized by rates of change so slow as 
to be regarded essentially as a period of non-
growth. 

Brown, Benner, and Weir (1961) discuss grades of 

ores which can be economically processed. The grade of 

copper ores, for instance, has dropped to less than 1/6 the 

grade of ores formerly processed. With abundant and cheap 

energy (and brainpower) they believe that processing of 

common rocks can be achieved. Lovering (1969), however, 

notes that cheap energy will do little to reduce capital 

and labor costs for mining and processing rocks. However, 

our supply of nonrenewable scarce metals is dependent on 

energy resources; if the energy problem is solved, our 

metals supply will at least be partly assured. 

The Energy Research and Development Administration 

(1975) (ERDA) has recently taken several constructive steps 

to solve the domestic energy problem, including (1) an 

immediate focus on energy conservation, especially with 

regard to the private automobile; (2) a program to extract 

gaseous and liquid fuels from coal and shale; (3) boosting 

of solar energy research to a status parallel with that of 

fusion and breeder reactors; and (4) implementation of solar 

heating and cooling and the use of geothermal technologies. 

Importantly, ERDA has noted the danger of over-emphasizing 
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a single approach, as the problem does not appear to have a 

simple answer. 

ERDA seems to think that the U.S. will necessarily 

rely, through the mid-1980's on squeezing more energy from 

domestic oil, gas, and coal. We cannot depend on tech

nological breakthroughs for supplies in the immediate 

future. Later in the century, ERDA believes that nuclear 

power may be a major candidate for energy needs, and by 

A.D. 2000 petroleum, coal, and uranium will each produce 

about 30% of the needed energy, with solar energy increasing 

in importance. If one can believe ERDA estimates, we will 

then have in operation 450 nuclear generating plants (vs, 

56 at present) and 200 to 400 solar energy plants. In addi

tion, 10 to 15 million homes will be temperature-conditioned 

with solar energy, and 15 million electric cars will be 

available for transportation. 

The estimates of ERDA (1975) and those from Mankind 

at the Turning Point (Mesarovic and Pestel, 1974) are 

generally in agreement. Both rationally project that fossil 

fuels will supply our needs until 1985. ERDA places a 

greater emphasis on nuclear energy in the period 1985 to 

2000 than to Mesarovic and Pestel, but both reports indicate 

that solar energy will make major contributions in the 

twenty-first century. 
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Summary 

This chapter has presented a background for the 

developments in geophysics and related areas. It indicates 

the importance of the geophysics curriculum in current prob

lems facing mankind and the accelerated demands being made 

of geophysicists and their education. It shows what may be 

expected of geophysicists in the future for locating mineral 

resources, it provides information on the direction the 

curriculum should move, a background for the questionnaire, 

the necessity of constantly updating and optimizing the 

geophysics curriculum, and for introducing conservation into 

the education of geophysicists. 

Representative aspects of three recent advances in 

geophysics are plate tectonics, the bright spot technique, 

and the ERTS program. Plate tectonics, explained here by a 

chronological development of the theory, is important for a 

comprehensive view of the earth including the discovery of 

new mineral resources and for predicting future environ

mental catastrophes. It provides a framework for a rational 

synthesis of large amounts of experimental data. 

The bright spot technique for the first time permits 

the direct detection of underground hydrocarbons and will 

lead to greater efficiency in their discovery. 

The ERTS program also is conducive to greater 

exploration efficiency, especially for locating ore bodies 

and perhaps for finding hydrocarbons as well. Seismic risk 
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zones along previously undetected faults have been located 

with this technique; hazard maps can thus be constructed 

and employed for locating nuclear power plant sites. 

Two reports of the Club of Rome discuss problems 

which man is facing, the importance of conservation, and 

the fact that things cannot grow forever. 

The geophysicist, M. King Hubbert, in 1962, 

correctly predicted that the peak 6f oil production in the 

United States would occur at about 1970 and that the 

ultimate amount of crude oil to be produced would be about 

170 to 175 billion barrels. Only recently has he been 

taken seriously. Hubbert also believes we are presently 

in a state of transition between two stable states. 

Rational projections are that fossil fuels will 

supply our needs until 1985 and solar energy will make 

major contributions in the twenty-first century. The pro

portion of our energy to be supplied by nuclear and solar 

processes from 1985 A.D. to 2000 A.D. is uncertain. All 

domestic energy resources should become available as soon 

as possible. 



CHAPTER III 

REVIEW OF THE LITERATURE 

Development of Geophysics Exploration 
and Education 

Just as psychology was an outgrowth of philosophy, 

so geophysics grew from geology and physics. Although there 

were inventions in antiquity that required application of 

principles of physics to problems of the earth, the word 

geophysics did not appear until 1853, when it was recorded 

in a German lexicon (Macelwane, 1940b, p. 86). 

Geophysics Exploration 

In the United States, geophysical exploration can 

be said to have started in 1924. Barton (1938, p. 321) 

summarized the developments in that year: 

In March, 1924, the Nash salt-dome was discovered 
by the torsion-balance method; in October the 
Orchard dome was discovered by the seismic method, 
and the Long Point dome by the torsion-balance and 
seismic methods. The discovery of salt-domes in 
the Gulf Coast by ordinary methods of prospecting 
had become most difficult, and the current value of 
a new dome was between $500,000 and $1,000,000. 
The discovery of three salt-domes in relatively 
quick succession brought the technical value and 
commercial importance of the geophysical methods 
sharply to the attention of American oil companies. 
With the beginning of 1925, the use of the torsion-
balance and seismic methods began to expand rapidly 
in America. 

4 3  
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Macelwane (1940a, p. 250) described the period 

1925-1929 as "the era of whirlwind seismic refraction re

connaissance" because of equipment and methods improvement. 

The magnetics method was in extensive use after 1927, and 

by 1929 the electrical method had been applied in 17 states 

and six Canadian provinces. The first electrical log of a 

well in the United States was in 1930 (Macelwane, 1940a). 

The first textbook on geophysical prospecting was 

published by Ambronn in 1926 and was translated into English 

in 1928. Eve and Key's book first appeared in 1929. 

World-wide exploration efforts increased to a 

maximum in 1955, but they began to slide in 1957 (Hollister, 

1962). In the United States, this growth--and temporary 

decline--of geophysical exploration can be seen in the 

records of the Society of Exploration Geophysicists (Geo

physical Activity Committee, 1973; Eckhardt, 1948) which 

show the number of seismic crews, starting in 1932, and the 

number of gravity crews, starting in 1938. The number of 

seismic crews increased from 25 in 1932 to 240 in 1937. 

Following a decrease to 180 in 1939, the number then in

creased to more than 500 in 194 8 and ultimately to a maximum 

of 700 in 1952. A steady decrease then occurred until, in 

1971, there were only 220 crews in the field. The number 

of gravity crews likewise declined irregularly from a peak 

of 160 crews in 1945 to 9 in 1971. 
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A turnabout in geophysical exploration occurred 

after 19 71 when the exploration industry reacted quickly to 

the energy shortage. Seismic activity, for example, tripled 

from 1971 to 1975 (Skelton, 1975a) but recently the effort 

has decreased (Skelton, 1975b). One trend worth noting is 

that marine line miles of seismic data increased from 21% of 

the total in 1960 to 69% of the total in 1974 (Espey, 1975). 

Geophysics Education 

Geophysics education per se started in Stockholm, 

where a course in magnetic prospecting was offered in 1885. 

Two years later the first publication devoted to geophysics, 

Beitrage zur Geophysik, appeared at the University of 

Strasbourg; it has been followed by a regular series of 

volumes (Macelwane, 1940b, p. 86). 

Early institutes of geophysics were the Observatory 

of Terrestrial Magnetism at the University of Gottingen 

(directed by Gauss and Weber from 1832 to 1864); the Geo

physical Observatory at St. Louis University, founded in 

1907; the Geophysical Institute at the University of 

Strasbourg, founded in 1919; and the Geophysical Institute 

at the University of Paris, founded in 1921. The institutes 

at Strasbourg and Paris were teaching departments in the 

strict sense of the word. The first Professor of Geophysics 

was appointed in 1898 at Gottingen (Macelwane, 1940b, p. 86). 
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In North America, the demonstrated usefulness of 

geophysics in locating mineral resources stimulated new 

geophysics departments and courses in geophysics (Kelly, 

1940a; Macelwane, 1940b). Courses in geophysics were 

established at St. Louis University and at the University of 

California in 1910. Geophysics courses were begun at the 

Michigan College of Mining and Technology, the University of 

Colorado, and the University of North Carolina in 1926. 

During the peak years of 1930, 1931, and 1938, four uni

versities instituted instruction each year. By 1940, 31 

American universities gave courses on the subject. 

The first department of geophysics in the United 

States grew out of the Geophysical Observatory at St. Louis 

University. This department was founded in 1925, and its 

early emphasis was on graduate education; an undergraduate 

program was added later. The second department of geo

physics in the United States, organized at the Colorado 

School of Mines, included an undergraduate engineering 

department and a graduate department. By 1950, departments 

in solid-earth geophysics also existed at Pennsylvania State 

College, the New Mexico School of Mines, and the University 

of Utah. Nineteen other universities offered degrees in 

geophysics in geology or physics departments, and a total of 

150 institutions were teaching at least one course in some 

branch of geophysics (Macelwane, 1950a). By 1972, 91 
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universities in North America were offering degrees in geo

physics . 

Enrollments in Geophysics Courses 

The most reliable data on enrollment in geophysics 

for the United States and Canada have been acquired by the 

American Geological Institute (Henderson, 1969, 1970a, 

1973b) through an annual poll of department chairmen. These 

statistics start in 1956 for the U.S. and 1957 for Canada. 

Several other reports (Macelwane, 1950a, 1950b, 1951; 

Committee on Education, 1958; Childs, 1963; Hollister, 1962; 

Royds, Thomsen, and Strickland, 1965) give statistics on 

numbers employed, degrees awarded, and enrollments, but 

comparisons from report to report are difficult, and there 

are sometimes contradictions in data gathered by different 

surveys. Monnett (1962) discusses some of the problems 

involved in gathering reliable statistics. 

The combined totals for all doctoral students in the 

United States and Canada have increased steadily from 84 in 

1957 to 548 in 1973. Master's candidates have also steadily 

increased, from 85 in 1957 to 331 in 1973. The number of 

seniors in 1957 was 59. This number increased to a peak of 

204 in 1959, then diminished sharply, to a low of 122 in 

1961. (The decrease was less pronounced in Canada than in 

the United States.) Since 1961 the number has again in

creased, to 220 in 1973. 
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The decrease in number of seniors in 1961 was due to 

the poor employment outlook that had developed four years 

earlier following success in exploration for petroleum and 

minerals. Some companies even discharged their exploration 

staffs (American Geological Institute, 1962). Although the 

number of seniors decreased, the number of graduate students 

did not, as many seniors who could not find jobs entered 

graduate school. 

Later job prospects for geophysicists were reported 

by Henderson (1964, 1967, 1969, 1971, 1972a, 1973a, 1974b) 

and Downs and Henderson (1968); by 1964, the demand far 

outstripped the supply. In 1967, department chairmen 

reported increased demand for graduates, and employment 

opportunities in 1968 were "very good" or "excellent." A 

decrease in job opportunities from 1970 through 1973--a 

decrease that was, however, not as significant for master's 

and good students—was followed by a scramble for geo

physicists of all degree levels, with large mining and 

petroleum companies doubling and even quadrupling their 

recruiting activities. 

In the long run demand for new geophysicists is 

expected to continue with the renewed emphasis on explora

tion. The call is thus clear for a sharp look at industry's 

requirements in regard to the new geophysicists, and at the 

curricula that are producing them. 
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Studies of Geophysics Curricula 

Although the literature does not lack for lists of 

courses offered in various years since geophysics education 

began in North America, comparisons are difficult because 

of lack of consistency in sampling and reporting. Following 

are brief resumes of some of the published data regarding 

prerequisites, geophysics course offerings, surveys and 

recommendations of geophysicists, and curriculum problems. 

Prerequisites to Geophysics Courses 

In 1939 a survey was made of 31 U.S. and three 

Canadian universities that offered geophysics courses 

(Kelly, 1940b). Mathematics prerequisites for the geo

physics courses included elementary college mathematics 

(16% of the schools), differential and integral calculus 

(40%), and differential equations (31%). Physics was re

quired by all the schools, including the 34% that required 

some advanced physics. Elementary chemistry was required by 

34% and advanced chemistry by 28%. All the schools required 

elementary geology, and 40% required advanced geology. 

Howell (1957) surveyed 15 schools that gave degrees 

in geophysics. Calculus was a prerequisite for geophysics 

courses in all 15. General physics, general chemistry, and 

structural geology were recommended by all but one. General 

geology, electricity and magnetism, and differential equa

tions were recommended by a,ll but two. 
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Geophysics Course Offerings 

In his 1939 survey of 31 U.S. and three Canadian 

universities, Kelly (1940b) found that 6% of the geophysics 

courses concerned only geophysical science, and 94% dealt 

with the subject as a prospecting tool. Also, of the 

schools surveyed, 61% taught practical instruction in the 

use of field instruments, and 24% confined their instruction 

to general principles of prospecting techniques. Inci

dentally, 12 of the schools offered the courses in physics 

departments and 12 in geology departments. 

Various sources (Bradford, 1945; Landsberg, 1945; 

Heiland and Wantland, 1940; Wantland, 1940; Macelwane, 

1940b, 1945; Slichter, 1940) have reported in detail the 

degree requirements of five undergraduate curricula for the 

early 1940's (Table A.l). Requirements common to all five 

schools were introductory chemistry, English composition, 

physical geology, mineralogy, structural geology, intro

ductory geophysics, freshman math, calculus, and general 

physics. These courses total approximately 56 semester 

hours. Four of the schools required historical geology, 

economic geology, field geology, and differential equations. 

In regard to the rest of the subjects there was little 

agreement among schools. 

A general idea of the relative emphasis placed on 

various courses is gained from Table 2, which shows the 

various categories of geophysics courses taught in various 
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Table 2. Geophysics Courses Offered in the U. S. and 
Canada for Four Different Years, Expressed as a 
Percentage of the Total Courses Offered for Each 
Yeara 

1948 1949-50 1950-51 1957-58 

All exploration and applied 
courses 53.1 65.2 64.4 65.7 

Introductory course to 
geophysical prospecting 15,9 16.8 

Introductory course to the 
physics of the earth 21.4 13.8 

Seismology, inclusive 23.8 20,9 

Seismic exploration 11.9 11.3 

Seismic science 19.0 11,9 15.6 9.6 

Magnetic exploration 6.8 9.2 

Geomagnetism 9.9 2.4 3.8 

Gravity exploration 8.3 8.8 

Gravity science 8.2 2.8 2.5 

Electrical, exploration 8.4 8.8 

Radioactivity, 
exploration 0,5 3,4 

Volcanology 3.5 5.5 2,5 

Percentages derived from Tables A.2 to A.5 
CAppendix A), which present data from Macelwane (1950a, 
1950b, 1951) and Committee on Education (1958), Numbers do 
not add up to 100% because the categories overlap. 
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institutions in the United States and Canada for four 

academic years after 1940. The figures are given as rela

tive percentages of total courses taught in the particular 

year. These percentages were derived from data secured by 

the Committee on Geophysical Education of the Society of 

Exploration Geophysicists (Macelwane, 1950a, 1950b, 1951) 

and by the Committee on Education (1958) (see Tables A.2 to 

A.5 in Appendix A). Percentages rather than actual numbers 

are used for comparison because coverage was inconsistent 

and incomplete and because course classifications varied 

from survey to survey. Comparisons of these percentages 

assume that valid random samples were obtained from year to 

year. Some trends can be noted: Macelwane (1950b) observed 

that geophysical exploration increased rapidly between 1948 

and 1949-50; this may be reflected in Table 2, in which the 

relative number of exploration and applied courses increased 

from 53.1% to 65.2% in these years. The percentages appear 

to be fairly constant from 1949 to 1958 and show that 

seismology courses were offered most frequently, followed by 

the introductory courses, and then by gravity and magnetics 

courses. 

Surveys of Geophysicists 

One of the first surveys of professionals in the 

field in regard to college curricula was a survey of 

Colorado School of Mines graduates, taken in 19 38. It 
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showed a desire for greater emphasis on the field relation

ship between geology and geophysics, and on the principles 

of operation and calibration of instruments (Heiland and 

Wantland, 1940; Wantland, 1940). The Colorado School of 

Mines curriculum had a time distribution then of about 65% 

on fundamental theory and interpretation theory, 13% on 

principles of operation and calibration of instruments, 8% 

on model experiments and rock property determinations, and 

13% on field relationships of geology and geophysics. 

The first concerned, sustained effort to study the 

needs of the geophysics employers, however, was made by a 

committee organized for this purpose in 19 38 by the Mineral 

Industry Education Division of the American Institute of 

Mining and Metallurgical Engineers (AIME). Reports were 

written from 1939 through 1943. Kelly (1940a, p. 25) sum

marized the 1939 report as follows: 

The most impressive agreement is the practical 
unanimity among employers of geophysicists and the 
high-ranking practitioners of the art that the 
educational preparation should not concentrate on 
instruction in the use of specific instruments and 
techniques. They insist rather on thorough 
training in geology, physics, mathematics, 
chemistry, and allied subjects; in other words, 
the emphasis should be on the fundamental sciences, 
not on the minutiae of application—the latter will 
come with field practice. This reflects a growing 
trend in education circles, away from "shop 
courses" and back to a sound training in the 
fundamentals. 

The opinions of employers given in a 1940 report of 

the committee (Kelly, 194 0b) were that attention should be 
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given first to geophysical exploration as opposed to geo

physical science. According to 78% of the responding 

employers, the principal fault of geophysical exploration 

education was inadequate preparation in geology. This was 

followed by a lack of training in interpretation. Other 

weaknesses of education listed by the employers were: in

adequate instruction in physics (28%), lack of training in 

the theoretical bases of geophysics (22%), inadequate 

knowledge of instrumental techniques (17%), and poor mathe

matical preparation (11%). Among employers in oil explora

tion, 37% noted a lack of field practice and the need for 

better instruction in geophysical instruments. The latter 

opinion is not in accord with the expressed need for men 

well grounded in fundamentals. It seems men better prepared 

in all areas were needed. 

Heiland (1940), in discussing controversial issues 

of the 1939 report, attributed some of the divergent 

opinions to a confusion between geophysical science (under

stood to comprise such subjects as meteorology, hydrology, 

physical oceanography, geodesy, seismology, volcanology, 

and terrestrial magnetism) and geophysical exploration. He 

believed that a distinction between the two should be made, 

and that the subjects should be offered as separate courses. 

Macelwane (1940b, p. 88) gave some of the reasons 

for emphasis on fundamentals rather than practice in 

techniques: 
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First, the technique differs from one company to 
another; secondly, this technique changes rapidly 
with circumstance; thirdly, and principally, 
because the student with a thorough theoretical 
background may be expected to master any technique 
and adapt himself to it much more readily than if 
he learned it as a rule of thumb. 

In the 1943 AIME Committee Report Heiland (1945) 

again stressed that one type of curriculum is needed for 

geophysical exploration, quite another for geophysical 

sciences. Kelly (1945, p. 412), however, though agreeing 

that graduate curricula should vary, stated that "in the 

undergraduate courses the type will be the same--thorough 

grounding in fundamental theories, schooling in . . . 

practical applications and training in the manipulation of 

instruments." 

The 1943 AIME Committee (Geophysics Education Com

mittee, 1945) made recommendations concerning the curricu

lum for both undergraduate students (Table A.l) and graduate 

students. The graduate school recommendations of the AIME 

Committee were: approximately 9 hours of advanced math, 

21 hours of advanced physics, and 12 hours of advanced geo

physics. The undergraduate recommendations are at variance 

with courses actually offered. 

The Committee on Education of the American Geo

physical Union (AGU), consisting of atmospheric geophysi-

cists in addition to those from the solid earth, recommended 

the following undergraduate guidelines: mathematics, at 

least through differential equations; physics, with 
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substantial upper division courses in classical and modern 

physics; chemistry through physical chemistry; geophysics, 

a one- or two-year course; other courses depending upon 

specialty (geology, biology, engineering, etc.). This 

committee recommended that geophysics courses begin in the 

sophomore or junior year, and that 

the material should be at a technical level and 
expose the student to a wide range of problems in 
solid-earth geophysics, geodesy, oceanography, 
hydrology, meteorology, aeronomy, geomagnetism, 
space physics and planetology, and solar physics 
(Committee on Education, 1968, p. 466). 

Most of the surveys reveal a desire that geophysi-

cists be well grounded in mathematics. The Geostudy-

Mathematics Panel for the Geological Sciences (1965) recom

mended a two-stage mathematics sequence. For the first 

year, probability theory and calculus should be integrated 

into one course, followed by a course in computer program

ming. For the second year, the panel recommended linear 

algebra and additional calculus. In a 1968 survey of geo-

science departments, Tomikel (1972) concluded that the 

recommendations of the panel had gone unheeded. 

More specific recommendations for students planning 

active research or planning to work on an advanced degree 

were set forth by Miller (1973), who subdivided course re

quirements into three categories: 

1. Very highly recommended: First-year mathematics and 

calculus, third-semester calculus, vectors, tensor 
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analysis, elementary differential equations, first 

course in partial differential equations, and 

advanced calculus. 

2. Highly recommended: Intermediate ordinary differ

ential equations, advanced partial differential 

equations, numerical solutions of differential 

equations, elementary complex variables, matrix 

theory, and machine computations. 

3. Moderately recommended: Advanced ordinary differ

ential equations, complex variables, elementary 

probability, applied statistics, first course in 

numerical analysis, analytical mechanics, integral 

transforms, and first course in mathematical 

statistics. 

Miller did not clearly state the sources of these recom

mendations although in an earlier report (Miller, 1971) he 

had obtained recommendations from 35 research geologists. 

An extensive survey was made by; Reeves and Delo 

(1970), who in January, 1969, sent a questionnaire to 2,000 

practicing geologists. Of the 1,104 geologists who returned 

usable questionnaires, 177 recorded their specialty as geo

physics. Overall, the respondents averaged approximately 

three years' professional experience; 21.2% had a bachelor's 

degree, 52% a master's, and 26.5% a doctorate. Approxi

mately 98% of the respondents had received their bachelor's 
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degree in earth sciences in 1965 or earlier. On the whole, 

the sample contained a higher percentage of 

earth scientists in academic and research institu
tions (56%") and a lower percentage in industrial 
work (31.3%) than was indicated for the profession 
as a whole by the 1966 National Register. . . . 
The survey also reflects a sampling bias in favor 
of those who have attained at least a baccalaureate 
degree and those who have a propensity to respond 
to long questionnaires and are members of geological 
societies (Reeves and Delo, 1970, p. 2). 

Reeves and Delo compared subject areas found most useful 

with areas in which the respondents believed themselves 

least competent. In the first three columns of Table 3 are 

the data (Reeves and Delo, 1970, p. 10) from the geo-

physicists. Each value in column 4 is ranked from most 

competent (1) to least competent (290) (of 290 items 

present in the questionnaire, Reeves and Delo gave data for 

only 78). The Spearman rank order correlation coefficient 

(rho) between columns 2 and 4 is 0.17. The last column of 

the table is obtained by subtracting column 4 from column 2. 

The difference is zero if the rank of usefulness is equal to 

the rank of competence; the greater the difference between 

the two, the greater the deficiency in the item. Thus the 

greatest deficiency is in computer programming. The sedi

mentary rock classification system, construction of struc

ture cross sections, the geologic time scale, and trigonom

etry all show slightly positive values, indicating the rank 

of competence exceeded the rank of usefulness. The large 

number of items with high negative values and the low value 



Table 3. Ranking of Geophysical Skills by Geophysicists — Column (2) shows ranks 
of usefulness for each item; 1 is the most useful, 290 is the least 
useful. Column (3) lists the rank of competence with 1 as the least 
competence and 290 as the greatest competence. Column (4) lists the 
rank of competence with 290 as the least competence and 1 as the most 
competence. Values obtained by subtracting column (4) from column (2) 
are given in column (5). 

Rank of Rank of 
Item Usefulness Competence 291 - (3) (2) - (4) 
(1) (2) (3) (4) (5) 

Sedimentary rock classification 
39 system 39 271 20 19 

Geologic time scale 21 284 7 16 
Construction of structural cross 
sections 27 276 15 12 

Trigonometry 10 288 3 7 
Descriptive geometry 20 269 22 -2 
Land surveying techniques 40 233 58 -18 
Library research and reference 
materials 5 251 40 -35 

Geologic field mapping methods 43 213 78 -35 
Desc/classif of geol structures 18 235 56 -38 
Analytical geometry 15 214 77 -62 

Map interpretation methods 7 212 79 -72 
Petroleum law 161 46 245 -84 
Field study of major structures 45 143 148 -103 
Computer applic in stratig 131 47 244 -113 
Graphical data representation 3 158 133 -130 
Shape/structure of the earth 42 118 173 -131 
Fluid mechanics 111 48 243 -132 
Theo/interp magnetotellur data 117 41 250 -133 



Table 3.—Continued Ranking of Geophysical Skills by Geophysicists 

Rank of Rank of 
Item Usefulness Competence 291 - (3) (2) - (4) 
(1) (2) (3) (4) (5) 

Reg stratig outside North America 110 38 253 -143 
Formation testing 104 42 249 -145 

Regional stratig of North America 48 97 194 -146 
Radio positioning navigat technique 99 45 246 -147 
Theo/interp indue polariz data 101 40 251 -150 
Fluid flow in porous media 107 33 258 -151 
Origin of porosity 87 50 241 -154 
Seismicity of the earth 33 104 187 -154 
Structure of North America 28 106 185 -157 
Structural evol of the earth 38 94 197 -159 
Elec prop of rocks/unconsol material 94 36 255 -161 
Basic calculus 4 125 166 -162 

Theory of orogenic and crust move 34 93 198 -164 
Theory/interp electromag data 91 34 257 -166 
Math theory of plasticity 98 26 265 -167 
Measurement of rock densities 47 76 215 -168 
Bessel functions 86 31 260 -174 
Subsurface mapping techniques 26 89 202 -176 
Analysis of boundary problems 75 39 252 -177 
Calculus of variations 93 21 270 -177 
Potential field data interp 
techniques 41 62 229 -188 

Basic hydrodynamics 88 15 276 -188 

Set theory 77 25 266 -189 
Potential field data reduction 
techniques 4 9  49 242 -193 



Table 3.—Continued Ranking of Geophysical Skills by Geophysicists 

Rank of Rank of 
Item Usefulness Competence 291 - (3) (2) - (4) 
(1) (2) (3) (4) (5) 

Theory/interp of resistivity data 61 35 256 -195 
Comput potential field resid/ 
regional 51 44 247 -196 

Vector analysis 14 81 210 -196 
Advanced algebra 22 72 219 -197 
Seismic reflect theory/interp 6 87 204 -198 
Multivariate analysis 78 13 278 -200 
Stochastic processes 84 7 284 -200 
Electricity/magnetism theory 30 57 234 -204 

Tensor analysis 55 29 262 -207 
Drilling techniques 58 24 267 -209 
Statistical theory of communic 72 10 281 -209 
Structural feats of the world 53 28 263 -210 
Math theory of elasticity 44 37 254 -210 
Meas of mag prop of rocks 50 30 261 -211 
Polynomial surface fitting 52 16 275 -223 
Instrument design 57 9 282 -225 
Borehole logging techniques 46 20 271 -225 
Seismic refract theory/interp 9 55 236 -227 

Matrix algebra 36 23 268 -232 
Potential theory 32 27 264 -232 
Correlation functions 35 18 273 -238 
Differential equations 17 32 259 -242 
Laplace transforms 37 12 279 -242 
Synthetic seismograms 25 22 269 -244 
Technical writing 1 43 248 -247 



Table 3.—Continued Ranking of Geophysical Skills by Geophysicists 

Rank of Rank of 
Item Usefulness Competence 291 - (3) (2) - (4) 
(1) (2) (3) (4) (5) 

Geophysical well-logging theory/ 
interp 29 14 277 -248 

Digital filter operation design 31 5 286 -255 
Acoustical properties of rock 
materials 16 19 272 -256 

Fourier transforms 24 8 283 -259 
Probability and error theory 23 2 289 -266 
Wave propagation theory 8 17 274 -266 
Analog/digital modeling in geophysics 12 11 280 -268 
Mathematical statistics 19 3 288 -269 
Data storage and retrieval 11 6 285 -274 
Practical electronics 13 1 290 -277 
Computer programming 2 4 287 -285 
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of the Spearman coefficient strongly indicate that the geo

physics curriculum should be analyzed, modified, and 

optimized. 

Table 4 (Reeves and Delo, 1970, p. 17) is a ranking 

of mathematical skills by geophysicists, similar in treat

ment to Table 3. The Spearman rho for column 2 and 4 is 

0.31. The areas underemphasized as well as those over

emphasized can easily be seen from column 4. The first 

quartile is -5.13 and the third is 5.25. 

In this table the sum of the negative values in the 

last column equals the sum of the positive values, as it 

should. This would have been true also of Table 3 if Reeves 

and Delo had given all their data; however, they reported 

only the 50 most useful items and the 50 in which the re

spondents believed themselves least competent. Thus another 

view can be obtained from Table 5, in which items common to 

Tables 3 and 4 are listed, along with their ranks. The 

Spearman rho ifor these values is 0.80. 

It is interesting that the data of Reeves and Delo 

(1970) conflict in several aspects with those of Miller 

(1971). Miller's respondents recommended tensor analysis 

very highly, but Reeves and Delo's respondents believed 

themselves overtrained in this area. Miller only moderately 

recommended statistics, probability theory, and integral 

transforms and highly recommended machine computation. 

Reeves and Delo's respondents reported a large deficiency in 



Table 4. Ranking of Mathematical Skills by Geophysicists — Column (2) shows 
ranks of usefulness for each item; 1 is the most useful, 23 is the least 
useful. Column (3) lists the rank of competence with 1 as the least 
competence and 23 as the most competence. Column (4) lists the rank 
of competence with 23 as the least competence and 1 as the most 
competence. Values obtained by subtracting column (4) from column (2) 
are given in column (5). 

Rank of Rank of 
Usefulness Competence 24 - (3) (2) - (4) 

Item (2) (3) (4) (5) 

Nomography 22 18 6 16 
Operations research 23 15 9 14 
Spherical trigonometry 15 19 5 10 
Bessel functions 20 13 11 9 
Calculus of variations 21 9 15 6 
Descriptive geometry 7 22 2 5 
Set theory 17 11 13 4 
Tensor analysis 16 12 12 4 
Analytical geometry 4 21 3 1 
Trigonometry 2 23 1 1 

Advanced algebra 8 16 8 0 
Multivariate analysis 18 6 18 0 
Matrix algebra 12 10 14 -2 
Stochastic processes 19 3 21 -2 
Basic calculus 1 20 4 -3 
Polynomial surface fitting 14 7 17 -3 
yector analysis 3 17 7 -4 
Differential equations 5 14 10 -5 
Correlation functions 11 8 16 -5 
Laplace transforms 13 5 19 -6 
Fourier transforms 10 4 20 -10 
Probability and error theory 9 1 23 -14 
Mathematical statistics 6 2 22 -16 



Table 5. Items Common to Tables 3 and 4 

65 

Values from Values from 
Table 3 Table 4 

Item Column (5) Column (5) 

Bessel functions -174 9 
Calculus of variations -177 6 
Descriptive geometry -2 5 
Set theory -189 4 
Tensor analysis -207 4 
Analytical geometry -62 1 
Trigonometry 7 1 
Multivariate analysis -200 0 
Advanced algebra -197 0 
Matrix algebra -232 -2 

Stochastic processes -200 -3 
Polynomial surface fitting -223 -3 
Basic calculus -162 -3 
Vector analysis -196 -4 
Differential equations -242 -5 
Correlation functions -238 -5 
Laplace transforms -242 -6 
Fourier transforms -259 -10 
Probability and error theory -266 -14 
Mathematical statistics -269 -16 



statistics, probability theory, transform theory, and 

computer programming. Part of the discrepancy may be 

explained by Miller's sample, which is believed to have been 

composed of a small number of research geophysicists, 

whereas 73% of Reeves and Delo's 177 geophysicists did not 

have a doctorate and thus were not oriented toward re

search. In addition, most had finished their education more 

than 10 years earlier. The mathematical and computer pro

gramming training of more recent graduates may be higher. 

The negative values in Table 3 indicate that the 

recommendations of the Committee on Education (1968) are 

inadequate. Perhaps more geophysics and less geology should 

be recommended. In addition, from the 290 items on Reeves 

and Delo's questionnaire, it appears that many in which the 

respondents believed themselves overtrained were those 

relating to the atmosphere, the hydrosphere, and planetology 

and solar physics. These are also areas in which the com

mittee recommended some exposure. 

Reeves and Delo (1970, p. 2) noted that, out of 290 

items, only 68 "are considered useful or vital to more than 

50% of the respondents. . . . Useful and vital items 

selected by 75% of all respondents are only 5% of the total 

items." This would argue against a core curriculum. How

ever, if individual specialties, such as geophysics, are 

considered separately, the result may be somewhat different; 
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perhaps a core curriculum would be appropriate for geo

physicists. 

The Chairman of the Student Section-Academic Liaison 

Committee of the Society of Exploration Geophysicists, R. E. 

Sheriff, has recently (summer and fall, 1975) surveyed 

universities which offer degrees in geophysics. His pre

liminary unpublished results, based on 28 returns, indicate 

that 77% require a thesis for a master's degree and about 

50% have a foreign language requirement for either under

graduates or for the master's degree. Academic-industry 

seminars have also been organized by this committee to dis

cuss each other's needs (Sheriff, 1974, 1975). A number of 

excellent recommendations have been made, including 

1. Geophysics graduates should be well-trained in the 

basic sciences. 

2. Some university degree holders, especially Ph.D.'s, 

are inflexible; graduates should be well-rounded, 

flexible, and able to think; flexible geophysicists 

can adjust to new technology and conditions. 

3. Life-long updating and education on new developments 

is necessary to keep up with changes. 

4. Students should be exposed to industry and graduates 

should be well informed on the exploration business. 

5. More contact between geophysicists in industry and 

those in universities is needed. 
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6. Industry's priorities of subjects to be taught 

should be made known to universities. 

7. For many students, a curriculum of basic subjects 

produces low motivation. Basics should be related 

to application. 

8. Students should have training in data processing. 

The 1975 meeting also recommended: 

An undergraduate thesis is very desirable. A thesis 
provides both research and management experience. 
While a thesis need not represent original work, it 
indicates that the student has been able to complete 
a project and it also helps him practice communica
tion. Perhaps, rather than a long thesis, several 
shorter reports should be required in order to give 
the student more opportunity to perfect communica
tion techniques. . .(Sheriff, 1975, p. 1088). 

Problems in the Curriculum 

Some of the problems with geophysics education seem 

to stem from differences between what the universities and 

industry consider essential. For example, Royds et al. 

(1965) compared the areas believed by industry and by 

universities to be most important in the master's curricu

lum (Table 6). Several differences in ranking are apparent 

For instance, advanced mathematics was considered essential 

by 96% of the universities but by only 66% of industry. 

Thesis research was considered essential by 75% of the 

universities but by only 31% of industry. (A question may 

be raised whether both groups of respondents interpreted 

the term "essential" in the same sense.) 
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Table 6. Comparison of Values Placed by Universities and 
by Industry on Subjects in the Geophysics 
Master's Curriculum2, 

Per cent who 
subject to 

believed the 
be essential 

Subject Universities Industry 

Advanced geology 69 68 

Field courses in geophysics 68 67 

Advanced mathematics 96 66 

Theoretical seismology 64 55 

Computer programming and 
application 52 34 

Field courses in geology 41 33 

Thesis research 75 31 

Economics and business 
administration 0 12 

Foreign languages 23 6 

aSource: Royds et al, (1965, p, 2280), 
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Rhodes et al. (1971, p. 34) noted that several geo-

science departments offer a battery of one-unit courses in 

a three- or four-unit package. Students select all courses 

in a given semester or just one or two, and eventually 

acquire full credit by electing the remainder of a package 

in a subsequent semester or semesters. Rhodes et al. also 

pointed out that, rather than taking courses in technical 

writing, the student may be able to develop this skill as 

effectively while taking traditional geophysical courses. 

No one has questioned that the geophysics curriculum 

should include courses in geology, mathematics, physics, 

and chemistry. However, training in the fundamentals of 

these disciplines; cultural subjects; departmental, college, 

and university requirements; and courses in geophysics crowd 

the undergraduate curriculum. Several specific problems 

have been identified. 

Bradford (1945) and Woollard (1955) both noted that 

students are tied to a four-year degree program, and thus 

it is difficult to prepare a curriculum that will in

corporate all the necessary material. A related problem, 

noted by Woollard, is that it is difficult to get men to 

decide on a geophysics career early enough to obtain all 

the material and complete the program in four years. As a 

solution, Bradford (1945) suggested the possibility of 

dropping all courses of a purely cultural type, or in

creasing the length of time required for a degree to five 



or even six years. Another solution (Kelly, 1945) would be 

to give elementary courses at the high school level to make 

room in the college curriculum for more advanced studies. 

At most schools (Howell, 1957), if a student enters a pro

gram without the prerequisites, he takes longer than four 

years for his degree; comprehensive geophysical training is 

postponed to graduate school. 

A second type of problem (Bradford, 1945) is that it 

is difficult to secure coverage in certain branches of 

advanced physics on topics of interest for geophysicists 

because many physics departments slant their courses toward 

nuclear physics. However in the coming decades this may be 

desirable. Bradford's suggestion for improving the situa

tion is to work toward interdepartmental cooperation, with 

the result that certain courses in the basic sciences would 

emphasize geophysical problems and methods more than is now 

customary. 

Conclusions 

To summarize, these studies illustrate several prob

lems in the geophysics curriculum: 

1. Education in the fundamental principles versus in

struction in the use of specific instruments or 

techniques. 

2. The needs of geophysical exploration versus those of 

other branches of geophysics as shown by the 
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recommendations of the Committee on Education 

(1968) of the AGU and Miller's (1971, 1973) results 

compared with those of Reeves and Delo (1970). A 

related study by Royds et al. (1965) showed some 

differences of opinion between industry and uni

versities as to what is essential. 

3. An optimum training period of 5 or 6 years versus a 

practical limit of 4 years for the baccalaureate 

and 5 for the master's. 

4. Should specialization be left to graduate school or 

offered to undergraduates? 

5. Students desiring careers in industry should be 

exposed to the business while in school. 

6. Studies in the basic sciences should be illustrated 

with applications. 

7. Should thesis requirements be re-examined? 

Studies of Geology Curricula 

In some respects, it is difficult to distinguish 

between geology curricula and geophysics curricula. Geo

physics degrees are often conferred by geology departments. 

In addition, some geology curriculum studies are similar to 

the work described here. Thus, studies of geology curricula 

are discussed for the sake of completeness. 
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Surveys of Schools 

The National Association of Geology Teachers 

(Prouty, 1961) circulated a comprehensive questionnaire to 

250 schools, of which 222 responded. Statistics were 

obtained on the number of credits required for geology 

degrees, language requirements for degrees, examinations 

required, and requirements with regard to scientific writing 

courses. The range of semester hours required for the B.S. 

major in geology was 17 to 66. Of the schools responding 

20% required less than 30 credits, 50% required 30 to 39 

credits, and 30% required more than 40. For the M.S. 

degree, 56% of the schools required exactly 30 semester 

hours, 13% required 31 to 40, 83% required a master's 

thesis, and 54% offered 6 credits for it. For the Ph.D. 

degree, 20% gave no credit for the dissertation and 17% 

offered 30 to 40 credits for it. 

In regard to foreign language requirements, 69% of 

the schools responding required a foreign language for 

undergraduates and 51% required a foreign language for 

graduates. Of the ones requiring a language for graduates, 

84% asked for French or German for the Ph.D.; 80% allowed 

another language for French or German, the most common 

being Russian or Spanish; and 18% accepted substitutes for 

one language. 

In regard to scientific writing, 23% of the schools 

required one or more courses, and 34% recommended one. 
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In regard to examinations, 2 3% required a written 

examination for the master's degree, and 17% required both 

written and oral examinations. 

According to Tomikel (1972, p. 33), who surveyed 

data gathered by the American Geological Institute and by 

Prouty (1961), credit hour requirements did not change much 

from 1954 to 1959, but did change from 1962 to 1968. By 

1968, the average undergraduate department required 36 

semester hours. Hours required on both the upper and lower 

ends of the distribution grew toward the center. Other 

findings of Tomikel (1972, p. 16) are: departments offering 

undergraduate courses or topics on geophysics increased from 

21.6% to 72.7% from 1954 to 1968. The number of schools 

requiring a thesis or senior paper, 6.3% in 1968; report 

writing, 1.2% in 1968; and undergraduate comprehensive 

examinations, 4.4% in 1968; all increased from 1954 to 1968. 

However, the number requiring report writing decreased from 

1962 to 1968. 

Tomikel also reports on Ph.D. degree requirements, 

most of which are flexible and arranged on an individual 

basis with the student. The language requirement changed 

notably after 1962. In 1968 only 66% of the institutions 

required two languages (vs. 94% in 1962). Approximately 50% 

of the universities stating definite residency requirements 

required 1 year for both 1962 and 1968, and a large majority 
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required 90 semester hours in both years (Tomikel, 1972, 

p. 38). 

Surveys of Geologists 

Proctor (1959) sent 105 questionnaires to employers 

of geologists in the petroleum and mining industry, con

sultants in both fields, and state and federal agencies. 

His response rate was 81%. Course requirements were listed 

under basic science, geology, humanities, other, and minor. 

Respondents checked adequate, inadequate, or excessive for 

courses. Differences in course needs were found among the 

various employers; references to these differences are made 

below. 

McMannis (1962) sent a questionnaire to about 200 

geologists in several phases of the profession seeking 

opinions about the general character of education, specific 

thoughts on what a basic geology curriculum should include, 

and the future of geology. He listed a number of courses, 

and the respondent was to indicate whether he thought the 

course was essential, desirable, or nonessential, or should 

be deferred to graduate school. His return was 54%. His 

respondents were divided by major function into administra

tion, college teaching, consulting, mining, pure research, 

petroleum, and surveys. Mining geologists were poorly 

represented because few replied. Many of the respondents 

commented that course names were misleading, and it appeared 



to McMannis (1962, p. 34) that "one of our really urgent 

needs is to find out what is genuinely basic in certain 

courses, and to standardize course names to a greater 

degree." 

Miscellaneous Comments 

Several authors have commented on an applied versus 

a liberal education. Hussey (1957) believed that applied 

courses would limit the potential of graduates, who would 

later receive thorough training in applied geology by their 

employers. Croneis (1965) believed that schools were 

training their students for the 1940's because the curricu

lum called for far too much specialization. Wilson (1969) 

stated that specialized geology courses should be left to 

graduate school. McMannis (1962, p. 32) asked the question 

"Should there be any specialization at undergraduate level 

of training?" He received an emphatic NO for an answer. 

The problem of a liberal education versus a tech

nical one is also discussed in the literature. Boardman 

(1957) from a survey of a large number of catalogs reported 

that the average general education requirements are (all in 

semester hours): 12 hours of English language and composi

tion, 8 hours of literature, 10 hours of social studies, 12 

hours of humanities, and 16 of foreign languages. He 

believed these requirements to be an integral part of 

geology training. 
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Proctor (1959) found that English, report writing, 

economics, history, and a foreign language made up approxi

mately 22% of the requirements in a geology curriculum. 

Most of his respondents found these requirements adequate. 

A survey by McLean (19 62) showed the need for 

graduates to have communication skills. Proctor's (1959) 

petroleum respondents deemed 9 hours of English and 3 hours 

of report writing inadequate; likewise, 42% of geological 

consultants rated English requirements inadequate and 61% 

rated writing requirements inadequate. People employed by 

geological surveys approved the requirements. Agnew (1959) 

and Hough (1959) both stressed the need for report writing. 

Arts and Sciences Education 

Dressel and De Lisle (1969, pp. 13-15) surveyed 

undergraduate curriculum requirements of 322 institutions of 

higher education in the United States. Only 7% of the 

institutions did not require some kind of English composi

tion, and some of these required competency for admission. 

Thirty-seven per cent required some course work in speech or 

a demonstration of proficiency. 

Dressel and De Lisle (1969, p. 74) concluded that 

changes in curricula from 1957 to 1967 were "not great in 

number and less extensive in nature than one might have 

expected considering the curricular ferment of the past 

decade." Spurr (1970, p. 5.7) also found that little 
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curriculum change took place in the decade of the 1960's. 

It seems this trend has continued to the present. In addi

tion to the type of student enrolling changes in the 1970's 

have "come in the form of faculty evaluation or curricular 

and governance innovations for stabilization" (Borgard, 

1974, p. 536). Thus the curriculum patterns of the late 

1960's are still with us today. 

Summary 

Geophysical exploration, starting in North America 

in 1924, has grown rapidly since that time and has been 

accompanied by rapid expansion of geophysics education, from 

two colleges awarding degrees in the subject in 1926, to 

twenty-four in 1950, and to ninety-one today. 

Studies of the geophysics curriculum began as early 

as 1938, by an AIME committee. This committee operated for 

several years, and found among other things that geophysics 

education should emphasize fundamental sciences. Other 

studies in the late 194O's, early 1950's, and 1970's were 

undertaken by the Society of Exploration Geophysicists. 

Reeves and Delo's (1970) data show that the Spearman 

rank order correlation coefficient between all items in 

which geophysicists have competence and the importance of 

these items to their work is only .17. The greatest defi

ciency is in computer programming. 
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Their data on mathematical items show calculus as 

the most important area, vector analysis is in third place, 

and differential equations is in fifth place. Their data 

also show that competence and importance of mathematical 

items are related by a Spearman rho of .31. 

Data from another study show that universities con

sider advanced mathematics, thesis, and foreign languages 

more essential than does industry for geophysicists. 

Studies of geology curricula are discussed because 

many geophysics degrees are conferred by geology depart

ments and, moreover, some geology curriculum studies 

(Proctor, 1959; McMannis, 1962) are similar to some extent 

to the work described here. McMannis found that course 

names should be standard to a greater extent. 



CHAPTER IV 

RESEARCH DESIGN AND PROCEDURES 

The research methodology of this study is descrip

tive and comparative. The study was designed to describe 

undergraduate and graduate geophysics programs in North 

America, to describe opinions of leading geophysicists re

garding geophysics education, future demands of and for 

geophysicists, the mineral shortage, and to compare geo

physicists1 opinions of what geophysics programs should be 

to actual programs. 

School catalogs from Canada, Mexico, and the United 

States were analyzed to identify current geophysics 

offerings. Opinions of geophysicists were obtained from a 

questionnaire devised by the author. 

Six major steps were taken: (1) making a list of 

the colleges and universities offering degrees in geo

physics, (2) obtaining catalogs of these schools, (3) pre

paring a questionnaire, (4) making a list of geophysicists, 

(5) mailing the questionnaire, and (6) analyzing the data. 

Colleges and Universities 

Henderson's (1,972b) Directory of Geoscience Depart

ments, United States and Canada, lists 90 colleges and 

universities that offer degrees in geophysics. These 

80 
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institutions plus the Nacional Autonoma Universidad de 

Mexico comprise the population studied and are listed in 

Appendix B. 

This list is not complete in the sense that any 

school which offers a bachelor's degree in physics and 

geology might, by a proper combination of courses from the 

two disciplines, be considered to offer a degree in geo

physics. With these criteria, at least several hundred 

colleges in the United States can be considered as offering 

geophysics degrees. Six of the colleges on Henderson's list 

do not offer geophysics courses per se; their baccalaureate 

is a combination of physics and geology courses. 

Geophysics degrees offered by physics and other 

departments are probably under-represented in this study 

because Henderson (1972b) lists geoscience departments only. 

Obtaining Catalogs 

A letter (Appendix C) was mailed to the registrars 

of the 90 Canadian and United States schools in November, 

1974. Addresses were obtained from the Educational 

Directory 1973-74 (Poole, 1974). Many of the schools did 

not forward catalogs and several did not send both under

graduate and graduate catalogs. Another letter (Appendix D) 

and several personal letters were mailed in February, 1975, 

including one to the Universidad Nacional Autonoma de 

Mexico. Additional catalogs and information were obtained 
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from two college libraries and a registrar's office. The 

final percentage of schools represented by information is 

98%; two Canadian universities are not represented. All 

catalogs but four are dated 1974 or later. Two catalogs 

are dated 1975-77. 

Calendar systems and school enrollments for U.S. 

colleges were taken from the Educational Directory (Poole, 

1974). Data for calendar systems and school enrollments for 

Canadian universities and the National University of Mexico 

were obtained from their catalogs insofar as possible. 

Preparing the Questionnaire 

The instrument used in this study was designed by 

the researcher. A reference book and similar studies were 

consulted for the purpose of preparing a well-designed 

questionnaire. The reference book was by Rummel (1964). 

Studies examined were those of the Commission on College 

Geography (1970), Folley (1970), McMannis (1962), Proctor 

(1959), Reeves and Delo (1970), Robertson (1968), Roth 

(1969), and Tomikel (1972). 

In designing the questionnaire, questions were 

excluded which might require a considerable amount of 
I 

explanation (except for Part IV which asks for comments), 

which asked for information more readily and accurately 

available elsewhere, or which could be considered 
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unimportant. The cover letter included an explanation of 

the purpose of the study and an incentive to respond. 

The first draft, completed in December, 1974, was 

comprehensive and was written with the view that it woud be 

easier to shorten than to lengthen. The questionnaire was 

revised during the period from December to June on the basis 

of feedback from geophysicists, an educational psychologist, 

and an editorial assistant. 

The questionnaire (Appendix E) was divided into five 

sections: 

1. General Information: Solicited background informa

tion on the respondents and opinions about the 

expected demand for geophysicists in the future. 

2. General Questions: Requested information on the 

division of undergraduate and graduate subjects and 

the length of time which degrees should take to be 

obtained. 

3. Academic Requirements of Geophysicists: Inquires 

about the number of courses in various areas which 

should be required for B.S. and M.S. degrees in 

geophysics, and the relative importance of these 

courses at the present time and projected to 1986. 

Elementary courses such as physical geology and 

trigonometry were left out to shorten the question

naire. Items were generally placed in alphabetical 

order. 
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4. Energy Questions: Asks for opinions on problems 

arising from the energy shortage. 

5. Comments: Asks general questions on trends and how 

education can best serve to alleviate the mineral 

shortage. 

North American Leaders in Geophysics 

Numerous variables enter into evaluation surveys: 

personal preferences, geographical locations, good or bad 

memories of former education, present work loads, and per

haps even the time of day or month. In addition, a person 

working in a specialized area tends to emphasize that 

specialty. It was decided to employ leaders in geophysics 

as respondents because they seemed to be best qualified to 

answer questions related to educational needs, future 

trends, and future demands for geophysicists. 

The leaders were selected as follows: All chief 

geophysicists listed in the Geophysical Directory (1974) 

were initially selected for the industry population. How

ever, the list included only five mining geophysicists. Ten 

senior geophysicists and exploration managers of mining 

companies were then added. The total industry population 

of 110 was composed of 95 petroleum industry geophysicists 

and 15 representing mining companies. The companies repre

sented in the population are listed in Appendix F. 
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The list of leaders in government (118) was obtained 

from the American Men and Women of Science (1971) and in

cluded solid-earth geophysicists from state agencies in 

addition to those in the federal government. However, 13 

questionnaires were returned by the postal service because 

some addresses changed in the three or so years between the 

compilation of the most recent American Men and Women of 

Science and the mailing of the questionnaire. Moreover, one 

person died in the interval. The final government popula

tion, 117, included persons in the Canadian government as 

well as those in the U.S. government. Appendix F lists the 

agencies represented. 

The initial population of college and university 

geophysicists was drawn from the 55 schools offering the 

doctorate. The leading geophysicist was selected from 

catalogs when possible. A few (9) of the catalogs did not 

list the specialty of the faculty and a questionnaire was 

sent to the department head with a request that he forward 

it to the senior staff member who was available during the 

suaamer. The population of 55 academic geophysicists is 

somewhat smaller than the industry (110) and government 

(117) groups. Therefore, nine additional academic geo

physicists were selected for a total population of 64. 

Appendix F lists universities employing persons to whom 

questionnaires were sent. 
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Mailing the Questionnaire 

The questionnaire and cover letter were mailed in 

early June to all persons on the mailing list. A copy of 

the cover letter is shown in Appendix G. An ample time 

period of more than 2-1/2 months was allowed for the return 

of the questionnaire, and no closing data was stated. How

ever, respondents were encouraged to return the question

naire at their earliest convenience. 

The cover leter (Appendix G) printed with the 

Arizona College of Technology letterhead, briefly explained 

the nature of the research, its importance, and the neces

sity of receiving replies. A topic of current interest, the 

energy problem, was not only of importance to the study, but 

hopefully aroused respondent interest in the study. An 

abstract of the results was offered to those respondents 

who wished it. 

Questions asked were not of a sensitive nature, but 

respondents were not asked to identify themselves, and names 

were left optional unless an abstract of the results was 

requested. It was stated that no company, university, 

government agency, or individual would be identified in the 

results; the majority of the respondents did give their 

names. 

In order to know to whom to send follow-up letters 

and to describe samples the questionnaires were pinpricked. 

Questionnaires sent to industry geophysicists were also 
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marked with a black dot. Addresses were typed on sheets of 

mailing labels, and the questionnaires were pricked in the 

location of the addresses on the labels. Different sheets 

were identified by pricks in the corners, the bottom, or by 

black dots. 

Stamped return envelopes were included in the 

initial mailing and also with the follow-up letter. All 

envelopes were affixed with regular commentary stamps 

instead of stamped envelopes or those stamped by a postage 

meter. The use of regular stamps hopefully avoided the 

impression that the questionnaire was associated with a 

selling or advertising campaign and reduced the possibility 

that it would be discarded. 

To increase the percentage of returns a follow-up 

letter was mailed in late June after the daily receipts of 

returned questionnaires declined markedly. Follow-up 

letters and an additional questionnaire were only mailed to 

those recipients who had not replied by that time. 

A copy of the follow-up letter is included in 

Appendix H. Its content is basically the same as the 

initial letter. Additional follow-up letters were not con

sidered necessary. 

Questionnaires Returned 

Sixteen questionnaires were not forwarded to new 

addresses by the postal service, one addressee had died, two 
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were out of the country, and one respondent was listed in 

two categories. Thus, 272 questionnaires were delivered to 

potential respondents. A total of 182 questionnaires was 

returned by mid-August; six others were received after the 

data were tabulated. The distribution of returned ques

tionnaires is shown in Table 7. Academicians were the best 

respondent group with a return of 81 per cent; petroleum 

geophysicists were the lowest group with a return of 64 per 

cent. The Canadian response was good and generated detailed 

replies from some university respondents. 

Table 7. Distribution of Returned Questionnaires 

Employment 
category 

Questionnaires received 
by respondents 

Returned 
questionnaires 

Per cent 
return 

Academic 62 50 81.0 

Government 103 68 66.0 

Industry 

Mining 15 11 73.0 

Petroleum 92 59 64.0 

Totals 272 188 69.0 
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Thirty-one per cent of the respondents did not reply 

and there is no way of knowing what their responses to the 

questions would have been. However, the total population of 

leaders, as defined, received questionnaires and it seems 

unlikely that values would change appreciably if all 

respondents had answered. 

Treatment of the Data 

The analysis of the data and findings are given in 

the next chapter. Data are presented in tables insofar as 

possible. The tables are discussed in the body of the text 

and detailed explanations of data treatment, interpreta

tions, explanations, and summaries are also given there. 

The first major step in treating the catalog data 

was to assemble information for each school as shown in 

Appendix B. Then tabulations were obtained for appropriate 

items, such as calendar systems or enrollment data. Tabula

tions were then compared and analyzed. The final presenta

tion consists of totals in a category; percentages and ranks 

were calculated to facilitate comparisons when needed. Data 

on geophysics courses offered (Tables 12, 13, and 14, pp. 

106, 110, and 111) were assembled by comparing catalog 

titles and descriptions and grouping them into categories. 

Data in the section on descriptions of extensive curricula 

were derived from college catalogs and from materials for

warded by academic respondents. The data on degree 



90 

requirements were extracted from catalog sections on degree 

requirements and from departmental requirements. 

Questionnaire data are expressed by number of 

respondents, in percentages, by ranks, and in semester 

hours. To facilitate comparisons, Table 23 (p. 136) and 

some of the following tables are expressed in deviations 

from an arbitrary standard. This method of reducing data 

was also generally followed by Reeves and Delo (1970), 

Tomikel (1972), and Folley (1970). 

All industry respondents had the same function: 

exploration. All government and academic respondents did 

not have the same function; that is, some were involved in 

exploration, others in geophysical science or education, 

and others had combination functions. So that comparisons 

could be made, persons having exploration, science, and 

education functions were regrouped into these categories. 

All calculations were performed manually, by slide rule, or 

by pocket calculator. 

Summary 

In this chapter, the research design and the various 

steps to gather the data are reviewed. 

The population of schools awarding degrees in geo

physics is given by Henderson (1972b). Catalogs were ob

tained from 89 colleges. The population of leaders in geo

physics was taken from the Geophysical Directory (1974) for 
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industry (110 leaders), American Men and Women of Science 

(1971) for government (118 leaders), and from college 

catalogs for academic leaders (64). Two hundred seventy-two 

questionnaires were received by potential respondents; 69% 

of these, or 188 questionnaires were returned. 

Procedures taken to prepare, revise, and mail the 

questionnaire and cover letters were also reviewed. The 

questionnaire was finally divided into five sections. The 

first section solicited general information on the re

spondents; the second section was composed of general ques

tions; the third requested information on the academic 

requirements of geophysicists; the fourth asked for opinions 

on problems arising from the energy shortage; and the last 

section was made of open-ended questions on trends and how 

education could best serve to alleviate the mineral shortage. 



CHAPTER V 

ANALYSIS OF THE DATA 

The analysis of the data is divided into three major 

sections. The first presents the analysis of catalogs, and 

the second presents the analysis of the questionnaires. The 

third section compares the catalog data with the data from 

the questionnaires. 

Analyses of the Catalogs 

This section is divided into the following sub

sections: (1) degrees offered, (2) calendar systems, (3) 

school enrollments, (4) departments offering degrees in 

geophysics, (5) geophysics courses and semester hours, 

(6) short descriptions of extensive curricula, and (7) 

degree requirements. 

Summary data concerning the colleges and universi

ties offering degrees in geophysics have been assembled in 

Appendix B. The order of the descriptive items is: 

School 
City or town and zip code 
Degree (s) offered 
Enrollment 
Calendar system 
Department(s) in which degree(s) are offered 
Catalog, name and year, used in this study 
Number of geophysics courses offered 
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Number of semester hours offered in geophysics 
Brief comments. 

Some of these data are summarized in the following sections. 

Degrees Offered 

Henderson's (1968, 1970b, 1972b) Directories of 

Geoscience Departments lists the U. S. and Canadian schools 

offering degrees in geophysics in 1968, 1970, and 1972. 

Numbers of these schools are shown in Table 8. Totals of 

schools offering just the bachelor's are included with 

bachelor's and the same procedure was followed for the 

master's. 

Table 8 . Number of Schools Offering Degrees in Geophysics 
in the United States and Canada 

1968 1970 1972 

Bachelor's 57 69 61 

Bachelor's only 9 15 16 

Master's 58 70 71 

Master's only 2 5 5 

Ph. D. 52 58 59 

Number of Schools 69 87 90 
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In 1950 twenty-four schools offered degrees in geo

physics. A tremendous growth occurred between 1950 and 1968, 

when 6 9 schools offered degrees. Growth also occurred 

between 1968 and 1970 in all categories, but the increase 

from 197 0 to 1972 was small and the number of schools 

offering the bachelor's dropped. There appears to be a 

tendency to locate geophysics in graduate programs. 

Calendar Systems 

Schools offering degrees in geophysics have the 

calendar systems shown in Table 9. The number of schools 

having each calendar system are also shown in the table. 

Table 9 . Calendar Systems of Schools Offering Degrees in 
Geophysics 

Semester Quarter 4-1-4 Trimester Other 

Number of 
Schools 52 19 5 2 11 

Per Cent of 
Total 58 21 6 22 12 
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The "other" category is composed mainly of Canadian 

schools. Many of these schools compute graduation require

ments by courses, and in many cases it is not possible to 

convert their courses directly into semester hours. 

Several Canadian schools have terms of 13 to 15 

weeks, which are thus shorter than the U. S. semester 

system but longer than the quarter system. Other Canadian 

schools operate on terms that extend from 32 to 36 weeks. 

The percentage of schools offering degrees in geophysics 

have about the same calendar systems as those in the 

general population of schools (Stickler and Thomas, 1969). 

School Enrollments 

College enrollments for U. S. schools were obtained 

from the Educational Directory 1973-1974 (Poole, 1974). 

Enrollments for some Canadian colleges and the National 

University of Mexico were obtained from their catalogs, 

for multi-campus colleges enrollments were taken only for 

the campus on which geophysics programs were offered. 

Enrollments are shown in Table 10. 

The frequency distribution of enrollments is 

approximately log normal, that is, if logarithms are taken 

of enrollments the distribution is normal. This form is 

also taken by many geophysical phenomena as in the 

ionosphere (Cathey, 1969), in the atmosphere (Fletcher, 

1962), and on the solid earth. It is believed to be the 
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Table 10. Enrollments of Schools Offering Degrees in 
Geophysics 

Enrollment 
Number of 
Schools Enrollment 

Number of 
Schools 

0-3,000 7 24,000-27,000 3 

3,000-6,000 12 27,000-30,000 2 

6,000-9,000 15 30,000-33,000 2 

9,000-12,000 8 33,000-36,000 3 

12,000-15,000 6 36,000-39,000 2 

15,000-18,000 7 42,000-45,000 1 

18,000-21,000 6 54,000-57,000 1 

21,000-24,000 7 over 57,000 1 

form taken when an aggregate is broken into parts (Gumbel, 

1958). The median enrollment is 11,800, the mean is 

15,818, and the mode is from 6,000 to 9,000 students. 

Enrollment data are available for nine of the 

eleven schools (see below) with the largest number of 

course offerings. Enrollments range from 22,320 for the 

University of Hawaii to 1,499 for the California Institute 

of Technology. Another school, the Colorado School of 

Mines, also has a relatively small enrollment. Extensive 

programs in these small schools can no doubt be attributed 

to their technological character. 
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Departments Offering Degrees in Geophysics 

Degrees in geophysics are awarded by departments 

with varied titles as shown in Appendix I. This appendix 

is summarized below. The total number of departments shown 

is 95 because some universities offer degrees in more than 

one department in which case both departments are listed. 

There are 9 departments titled "Geophysics" or 

"Geophysical Sciences." However, 22 departments have 

"geophysics" or "geophysical" in their titles. The largest 

category below is "Geology" with 21 entries, followed by 

"Geological Sciences" with 15. 

Earth and/or planetary sciences departments 15 

Geophysics or geophysical departments 9 

Geology and geophysics departments 12 

Geology and/or geoscience(s) department 42 

Physics departments 8 

Physics and geology or geophysics 3 

Other __6 

Total 95 

In 1950 there were five departments of solid-earth 

geophysics, and in 1958 there were also about five. In 1958 

nine departments had geophysics in their title, but only 

two were departments of geology and geophysics. The latter 

category has increased markedly since 1958. 
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Geophysics Courses and Semester Hours 

The number of geophysics courses and the number of 

semester hours listed in college catalogs were compiled for 

each department. The solid-earth branches of geophysics 

as recognized by the American Geophysical Union (Sumner, 

1969, p. 17) are: 

Geodesy Magnetism Seismology 

Tectonophysics Volcanology 

Courses in these areas were counted. Courses in glaciology, 

geocosmogony, and geochronology, though frequently cate

gorized as geophysics courses were not compiled, nor was 

remote sensing. 

Compilation of the courses and semester hours was 

subjective to some degree because several complications 

arose. Complications and their solutions were: 

1. Many courses combine geophysics with geology. If 

the course content indicated approximately 50% or 

more geophysics, the course was counted; if less 

than 50%, it was not counted. For instance, courses 

in geotectonics were not counted unless most 

material appeared to be geophysical. 

2. Course descriptions were not always given in the 

available catalogs. If a course title indicated 

geophysics, it was counted. 

3. Credit hours were not always given for a course. 

For these courses, reasonable assumptions were made. 
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Canadian schools in particular may be under-

represented in semester hour equivalents for their 

hours were considered as approximately quarter 

hours. 

4. Semester hour equivalents were rounded off to whole 

numbers. 

5. Many schools offered seminar and special topic 

courses. These courses were not counted, although 

some departments such as Stanford offer numerous 

seminars. 

6. Many schools offer courses with variable credit. 

If the credit varied by two semester hours or more, 

the course was not counted. If the variation was 

one semester hour the high value was taken. 

7. Several geophysics departments offer courses such 

as basic electricity and magnetism which are 

usually taught in physics or other departments. 

These courses were not counted. 

Subject to these complications, the number of 

courses and approximate semester hours of geophysics credit 

are shown in Table 11. Also shown are degrees offered by 

the schools and the rank of the school by number of courses 

and by semester hours. The schools are listed by number of 

courses and alphabetized within a rank when the values are 

equal. 



Table 11. Number of Courses and Approximate Semester Hours 

Rank by 
Number of 
Courses 

Number of 
Courses 

Rank by 
Sem. Hours 

Number of 
Sem. Hours College or University Degrees 

1 31 8 43 University of Western Ontario BMD 
2 25 3 62 Saint Louis University BMD 
3 24 1 75 Colorado School of Mines BMD 
4 21 7 44 University of Washington MD 
5 20 14 39 Stanford University BMD 
6 20 2 66 University of Hawaii at 

Manoa BMD 
7 18 6 44 University of British 

Columbia BMD 
8 17 16 38 California Institute of 

Technology BMD 
9 17 4 53 Texas A. and M. University BMD 
10 16 11 42 University of Saskatchewan, 

Saskatoon BMD 
11 16 15 39 University of Utah BMD 
12 14 23 31 Michigan Technological 

University BM 
13 14 9 Universidad Nacional 

Autonoma de Mexico M 
14 14 10 42 University of Houston M 
15 14 13 40 University of Pittsburgh MD 
16 14 12 42 University of Wisconsin, 

Madison BMD 
17 13 27 26 McGill University BMD 
18 13 17 38 Pennsylvania State University MD 
19 13 21 34 University of California, 

Berkeley BMD 
20 12 18 Massachusetts Institute of 

Technology BMD 



Table 11.—Continued Number of Courses and Approximate Semester Hours 

Rank by 
Number of 
Courses 

Number of 
Courses 

Rank by 
Sem. Hours 

Number of 
Sem. Hours College or University Degrees 

21 12 20 35 New Mexico Institute of 
Mining and Technology BMD 

22 11 5 44 Brown University MD 
23 11 19 36 Princeton University BD 
24 11 25 30 Texas Technological 

Univers ity BM 
25 10 24 30 Boston College BM 
26 10 26 30 University of Missouri, 

Rolla BMD 
27 10 43 18 University of Wisconsin, 

Milwaukee M 
28 9 22 33 Columbia University MD 
29 9 30 25 Georgia Institute of 

Technology MD 
30 9 34 21 Michigan State University BMD 
31 9 31 25 University of California, 

Riverside BMD 
32 9 39 21 Virginia Polytechnic 

Institute and State 
University BMD 

33 8 29 25 Cornell University BMD 
34 8 46 16 Queens University at 

Kingston BMD 
35 8 44 17 University of Calgary BD 
36 8 32 24 University of Connecticut MD 
37 8 45 17 University of Minnesota BMD 
38 8 28 26 University of Southern 

California MD 
39 8 33 24 University of Wyoming BMD 



Table 11.—Continued Number of Courses and Approximate Semester Hours 

Rank by 
Number of 
Courses 

Number of 
Courses 

Rank by 
Sem. Hours 

Number of 
Sem. Hours College or University Degrees 

40 7 35 21 Purdue University BMD 
41 7 36 21 University of Arizona BMD 
42 7 37 21 University of Nevada BMD 
43 7 38 21 University of Oklahoma BM 
44 7 54 13 University of Toronto BMD 
45 6 41 18 Montana College of Mineral 

Science and Technology BM 
46 6 40 19 University of Indiana MD 
47 6 42 18 University of Michigan BMD 
48 5 47 15 Case Western Reserve 

University BMD 
49 5 48 15 Harvard University BMD 
50 5 52 13 Northwestern University MD 
51 5 57 10 Oregon State University MD 
52 5 50 15 University of New Brunswick MD 
53 5 51 14 Western Washington State 

College BM 
54 4 49 15 Rice University MD 
55 4 53 13 University of Alaska MD 
56 4 55 12 University of Kansas BMD 
57 3 61 9 Dartmouth College BMD 
58 3 56 11 Northwestern State 

University (Louisiana) BM 
59 3 62 9 Rensselaer Polytechnic 

Institute MD 
60 3 63 9 State University of New 

York at Stony Brook BMD 
61 3 58 10 University of Chicago MD 
62 3 64 9 University of Massachusetts MD 
63 3 59 12 University of Miami MD 



Table 11.—Continued Number of Courses and Approximate Semester Hours 

Rank by 
Number of Number of Rank by v Number of 
Courses Courses Sem. Hours Sem. Hours College or University Degrees 

64 3 60 12 University of Regina B 
65 3 78 3 Washington and Lee University B 
66 3 65 9 Yale University BMD 
67 2 66 7 City University of New York BM 
68 2 69 6 Kansas State University B 
69 2 70 6 Northern Arizona University B 
70 2 67 7 University of Puget Sound M 
71 2 71 6 San Jose State University B 
72 2 72 6 Texas Christian University B 
73 2 73 6 University of Iowa BM 
74 2 68 7 University of Illinois at 

Urbana-Champaign MD 
75 2 74 6 University of New Orleans B 
76 2 75 6 University of Pennsylvania MD 
77 2 76 6 University of Rochester MD 
78 1 83 2 Bowling Green State 

University B 
79 1 79 3 Johns Hopkins MD 
80 1 80 3 Louisiana Tech University B 
81 1 81 3 Memorial University of 

Newfoundland MD 
82 1 82 3 Occidental College B 
83 1 77 >3 Wesleyan University M 
84 0 84 0 Montana State University B 
85 0 85 0 Northeast Louisiana State B 
86 0 86 0 Midwestern University B 
87 0 87 0 University of the Pacific B 
88 0 88 0 Washington University B 
89 0 89 0 Western Connecticut State 

College B 
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It is difficult with this information to delimit top 

categories, such as a top 10, in extensive programs. 

However, it seems that the Colorado School of Mines, Saint 

Louis University, the University of Western Ontario, and 

Stanford have very extensive programs. 

Seven of the eleven technical or polytechnic 

universities rank in the top 30 or so of the 91 total 

colleges. They are Colorado School of Mines, California 

Institute of Technology, Michigan Technological University, 

Massachusetts Institute of Technology, New Mexico Institute 

of Mining and Technology, Texas Technological University, 

and Georgia Institute of Technology. 

The schools which have no geophysics courses award 

only the bachelor's degree in geophysics. Many schools 

which offer from one to four geophysics courses and award 

an M.S. or Ph.D. degree have strong areas related to solid-

earth geophysics. For instance, Johns Hopkins is strong in 

fluid mechanics and the University of Miami in marine 

geology. 

All course titles and descriptions were Xeroxed, and 

similar courses were grouped together into natural arrange

ments. Main categories are undergraduate, undergraduate-

graduate, and graduate. Three divisions were also used in 

the surveys taken in the late 1940s and early 1950s (see 

Appendix A). Not all college publications, however, were 

explicit regarding which graduate courses could be taken 
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for undergraduate credit or which undergraduate courses 

could be taken for graduate credit. The courses in the 

three categories are given in Table 12. 

If a course was offered by only one school, it was 

not listed. The number of courses are listed, not the 

number of schools; several schools have more than one course 

in a category. The number of courses in the sub-categories 

are given in parentheses. 

The per cent values in columns 3, 5, and 7 are per 

cents of that category; that is, introductory courses in 

geophysical exploration comprise 28 per cent of the under

graduate courses in geophysics and courses in seismology 

comprise 28 per cent of the graduate courses in geophysics. 

Seismology courses constitute 22 per cent of all geophysics 

courses. Percentages do not add to 100 because of rounding. 

The most common undergraduate courses are the 

introductory courses and seismology. If gravity and 

magnetism courses are grouped together, they constitute 14 

per cent of undergraduate courses. The four groups listed 

above (two introductory courses, seismology, gravity, and 

magnetism) constitute 80 per cent of all undergraduate 

geophysics courses. 

Common -undergraduate-graduate courses can be grouped 

as were the undergraduate courses. Introductory, seismic, 



Table 12. Geophysics Courses Offered in 89 North American Colleges and 
Universities 

Undergraduate 
Undergraduate Graduate Graduate 

No. of No. of No. of % of 
Courses % Courses % Courses % Totals Total 

Data Analysis 7 4.4 11 4.2 18 3.0 

Electrical and 
Electromagnetic 

Electrical 
Prospecting 
Electromagnetic 
Prospecting 

4 

(4) 

2.2 7 

(6) 

4,4 12 

(5) 

(4) 

4.5 23 3.8 

Geophysical Field 
Studies 5 2.7 4 2.5 6 2.3 15 2.5 

Global Geophysics 2 1.1 2 1.3 5 1.9 9 1.5 

Gravity Courses 
Earth's Field and 
Exploration 
Geodesy 

6 

(3) 
(3) 

3.3 6 

(2) 

3.8 12 

(4) 

4.5 24 4.0 

Gravity and Magnetism 
Exploration 
Potential Theory 

10 
(5) 
(5) 

5.5 12 
(5) 
(7) 

7.6 18 

(12) 

6.8 40 6. 6 

Introductory Course to 
Geophysical Exploration 52 28.4 25 15. 8 9 3.4 86 14.2 



Table 12.—Continued Geophysics Courses Offered in 89 North American Colleges and 
Universities 

Undergraduate 

No. of 
Courses % 

Undergraduate 
Graduate 

No. of 
Courses % 

Introductory Course to 
the Physics of the Earth 41 22.4 34 21.5 

Magnetism Courses 10 5.5 12 7.6 
Geomagnetism (7) (8) 
Rock Magnetism and 
Paleomagnetism (2) 

Mining Geophysics 2 1,1 4 2.5 

Planetary Geophysics 5 2.7 

Rock Mechanics and 
Tectonophysics 4 2.2 2 1.3 

Rock Mechanics 
Tectonophysics 

Seismology Courses 29 15.8 33 20.9 
General Courses (14) (9) 
Earthquakes (9) (5) 
Elastic Waves (3) (11) 
Exploration (7) 

Graduate 

No. of 
Courses i Totals 

% of 
Total 

13 

19 
(13) 

( 6 )  

13 

27 
(17) 
(10) 

73 
(16) 
(5) 
(38) 

( 6 )  

4.9 

7.2 

4.9 

10.2 

27.7 

88 

41 

6 

18 

33 

135 

14.5 

6 . 8  

1.0 

3.0 

5.5 

22.3 

Theoretical Geophysics 1.6 3.8 8 3.0 17 2 . 8  



Table 12.—Continued Geophysics Courses Offered in 89 North American Colleges and 
Universities 

Undergraduate 
Undergraduate Graduate Graduate 

No. of No. of No. of % of 
Courses % Courses % Courses % Totals Total 

Thermal Regime and 
Volcanology 2 1.3 9 3.4 11 1.8 

Other 10 5.5 2 1.3 29 11.0 41 6.8 
Advanced Exploration (4) 
Advanced General (4) 
Airbourne and Remote 
Sensing (2) 
Instrumentation (2) 
Interpretation (8) 
Marine Geophysics (9) 
Regional Geophysics (2) 
Sol id-State 
Geophysics (6) 
Time Series Analysis (2) 
Well-Logging and 
Borehole Analysis (2) 

Total 183 100.0 158 100.0 264 99.9 605 100.1 
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gravity and/or magnetism courses constitute 77 per cent of 

all courses. Common graduate courses are seismology, 

gravity and/or magnetism, and rock mechanics and tectono-

physics. They constitute 56 per cent of all courses. 

Courses related to seismology constitute 22 per cent 

of all courses, the introductory courses 29 per cent, 

gravity and/or magnetism 17 per cent, and rock mechanics/ 

tectonophysics 6 per cent. 

The heavy emphasis on graduate work in geophysics 

curricula can be seen by the number (264) of graduate 

courses. Of the total (605), they constitute 44 per cent. 

The increased emphasis on specialization in graduate 

school can be seen by comparing percentages in columns 3, 

5, and 7 of Table 12. Courses which increase in per cent 

from undergraduate to graduate level decrease, do not 

change, or have mixed percentages were taken from Table 12 

and are shown in Table 13. Specialized courses tend to 

increase in per cent; introductory survey courses decrease 

in per cent. 

Courses which have common titles in college catalogs 

are shown in Table 14. Totals are also shown in the table. 

Physics of the Earth occurs 22 times and is the most common 

title. Seismology is the second most common title, occurring 

18 times. The combination Exploration Geophysics and 

Geophysical Exploration occurs 23 times as the title to the 

introductory course to geophysical exploration. 
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Table 13. Course Changes from the Undergraduate to the 
Graduate Level 

Courses which increase in per cent: 

Electrical and Electromagnetic 
Global Geophysics 
Gravity 
Planetary Geophysics 
Rock Mechanics and Tectonophysics 
Seismology Courses 
Thermal Regime and Volcanology 

Courses which decrease in per cent: 
Geophysical Field Studies 
Introductory Course to Geophysical Exploration 
Introductory Course to the Physics of the Earth 
Mining Geophysics 

Course which does not change in per cent: 

Data Analysis 

Mixed percentages: 

Gravity and Magnetism Courses 
Magnetism Courses 
Theoretical Geophysics 



Table 14. Common Titles Totaled for All Degree Levels 

Gravity and Magnetism Courses: 

Potential Theory (7) 
Gravity and Magnetic Prospecting (2) 

Introductory Course to Geophysical Exploration: 

Exploration Geophysics (14) 
Applied Geophysics (10) 
Geophysics (10) 
Geophysical Exploration (9) 
Geophysical Methods (4) 
Basic Geophysics (2) 
Elementary Geophysics (2) 
Introduction to Geophysics (2) 
Introduction to Geophysical Prospecting (2) 
Principles of Geophysical Exploration (2) 
Theory and Applications of Geophysical Methods (2) 

Introductory Course to the Physics of the Earth: 

Physics of the Earth (22) 
Introduction to Geophysics (12) 
Geophysics (11) 
Solid Earth Geophysics (6) 
General Geophysics (4) 
Principles of Geophysics (3) 
Elementary Earth Physics (2) 

Magnetism Courses: 

Geomagnetism (12) 
Earth's Magnetic Field (2) 
Rock Magnetism and Paleomagnetism (2) 

Marine Geophysics: 

Marine Geophysics (3) 

Planetary Geophysics: 

Planetary Interiors (3) 
Physics of the Earth's Interior (3) 
Planetary Physics (3) 
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Table 14.--Continued 

Seismology Courses: 

Seismology (18) 
Advanced Seismology (9) 
Theoretical Seismology (9) 
Earthquake Seismology (7) 
Elastic Waves (4) 
Exploration Seismology (4) 
Seismic Prospecting (3) 

Solid-State Geophysics: 

Solid-State Geophysics (3) 

Thermal Regime and Volcanology: 

Volcanology (2) 

Rock Mechanics and Tectonophysics: 

Physical Properties of Rocks and Minerals (2) 
Rock Mechanics (4) 
Tectonophysics (10) 
Geomechanics (2) 
Experimental Rock Deformation (2) 
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Descriptions of Extensive Curricula 

The selection of curriculums to be described is 

somewhat arbitrary, because it is based on the assumption 

that schools which offer the largest number of courses in 

geophysics have the most extensive curriculums. The dis

crepancy between rankings on the basis of courses offered 

and on the basis of semester hours indicates that this 

assumption may not be entirely warranted. On the other hand, 

this assumption is buttressed by the fact that eight of the 

schools which are in the top 11 on the basis of number of 

courses offered are also among the top 11 on the basis of 

semester hours. 

It appears that physicists in the United States have 

been primarily interested in nuclear physics for many years 

to the neglect of geophysics. Some of the most extensive 

geophysics programs are available in Canada, where the 

interest in nuclear physics has been less intense. The 

curriculums of the Canadian schools in this study tend to 

be similar to each other, and the Canadian schools specialize 

on the undergraduate level to a greater extent than do those 

in the United States. 

There appears to be a break in Table 11 after the 

University of Utah. The four schools following do not offer 

all three degrees, the bachelor's, master's, and doctorate. 

Programs of the first eleven schools are discussed below. 
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University of Western Ontario. The Department of 

Geophysics offers four programs: Honors Geophysics I, II, 

and III, and a three year BSc. Honors I is recommended for 

students with interests and talents in the earth sciences, 

physics, and mathematics. Honors II is recommended for 

those with talents and interests in geology. For those who 

enter geophysics at a relatively late stage in their college 

work, Honors III is recommended. For those who do not wish 

to undertake an Honors program the three year BSc is 

offered. 

The three year BSc requires the equivalent of six 

courses in geophysics with extensive study in exploration 

methods, seismology, and laboratory. In addition to the 

above, Honors I, II, and III students take courses in 

communication theory, potential theory, physics of the 

earth's interior, and thesis. 

The graduate program is well represented by the main 

exploration methods and by high pressure geophysics, 

theoretical seismology, and solid-state physics. 

Saint Louis University. The Department of Earth and 

Atmospheric Sciences offers courses in meteorology, 

geophysics, and geology. Three undergraduate options, 

applied geophysics, pure geophysics, and environmental 

geophysics are offered. All options require an introductory 

course in geophysics. The applied option requires eight 
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courses which concentrate on exploration. The pure option 

requires six courses which concentrate on geophysical 

science. The environmental option requires two courses. 

The undergraduate degrees also require a course in computer 

programming. 

The Department offers a Master of Science (Research) 

and a Master in Professional Geophysics. The research 

degree requires 30 hours, a thesis, and a course entitled 

Introduction to Graduate Study in the Earth Sciences. The 

professional degree is prescribed in more detail for 

students. It requires 36 semester hours, but no thesis. 

Courses in seismology, geomagnetism, and geodesy are 

required. 

The Geophysical Laboratories are well-equipped, 

especially in seismology. Geophysics courses are organized 

to provide a basic foundation in chemistry, geology, 

mathematics, and physics. 

Colorado School of Mines. The Department of 

Geophysics offers basic and advanced courses in electricity 

and magnetism, electrical circuits and electronics, linear 

systems, physics of extended media, and information theory. 

The program emphasizes exploration, and courses in field 

methods and exploration are required for a baccalaureate. 

Only one catalog was available so this description is of 

necessity short. 
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University of Washington. The Department of Physics 

does not offer an undergraduate degree. Three areas of 

specialization are offered for M.S. and Ph.D. degrees: 

Solid-Earth Geophysics, which concentrates on geophysical 

science; Geomagnetism and Aeronomy; and Geophysical Fluid 

Mechanics, including large scale fluid motions in the 

earth's interior. 

Twenty-four semester hours are required for an 

M.S., six of which must be in advanced geophysics courses. 

Stanford University. The Department of Geophysics 

offers an extensive list of research seminars which students 

normally undertake in order to complete a thesis which is 

required for a B.S. degree. 

The graduate programs prepare students for positions 

in education, exploration, research, and government. The 

M.S. degree requires 30 semester hours. Research seminars 

are an integral portion of the graduate program. Ph.D. 

candidates are required to take physics and electrical 

engineering courses, and students without practical 

electronics experience are urged to take courses to make 

up this deficiency. 

I 

University of Hawaii at Manoa. The Department of 

Geology and Geophysics offers three courses in Geodesy, 

including one in satellite geodesy and five courses in 

seismology, including one in the analysis and synthesis of 
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seismograms. An undergraduate specialization is available 

in geodesy. 

University of British Columbia. The Department of 

Geophysics offers five different undergraduate geophysics 

programs: Major Geophysics, Honours Geophysics, Honours 

Astronomy and Geophysics, Combined Honours Geophysics and 

Physics, and Combined Honours Geophysics and Geology. 

Another degree is offered in engineering physics and still 

another in Geological Engineering, Option II (Geophysics), 

to make seven in all. 

All programs offered in the Geophysics Department 

have similar requirements in the junior year. Required 

courses for degrees are Introduction to Theoretical Geo

physics, Seismology, and Time Series Analysis in Geophysics. 

The Major and Honours in Geophysics and Geology require 

introductory courses in the second year. All programs 

require a course in Geophysical Analysis in the fourth year, 

and all but the Honours in Astronomy and Geophysics require 

an Applied Geophysics Laboratory in the same year. All 

undergraduate programs but the major require a thesis. 

California Institute of Technology. The Department 

of Geological and Planetary Sciences offers a broad range of 

courses in geology, the chemistry and atmospheres of the 

earth and planets, in addition to solid-earth geophysics. 

Emphasis is on geophysical science. 
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Physical facilities provide an outstanding center 

for research and education in seismology. Heat flow and 

the behavior of rocks and minerals under high temperatures 

and pressures are also studied. 

Texas A. and M. .University. The College of Geo-

sciences awards degrees in geology and meteorology in addi

tion to geophysics. Also included in the College is a 

Center for Tectonophysics. 

The undergraduate program emphasizes fundamentals; 

eight geophysics courses are recommended for the B.S. 

degree. At least one course to improve writing or speaking 

skills is required. A high undergraduate proficiency in an 

earth or physical science is normally necessary as a 

prerequisite for graduate work. 

Active research areas include seismology, magnetic 

anomalies of ocean ridge systems, and global tectonics. 

University of Saskatchewan, Saskatoon. The Depart

ment of Geological Sciences awards two degrees for geo

physics majors: The B.Sc. Advanced and the B.Sc. Honours. 

Six half-classes and a full course in geophysics are 

recommended for the B.Sc. Advanced degree. Six half-

classes in Field Camp, Physics of the Earth, Well-Logging, 

Potential Field Methods, Electrical Methods in Geophysical 

Prospecting, and Seismology are required for the Honours in 

Geophysics, and the student must obtain a strong background 
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in geology, mathematics, and physics. A course in computa

tional science is also required. 

University of Utah. Current experimental and 

theoretical research areas in the Department of Geology and 

Geophysics are seismology, paleomagnetism, geomagnetism, 

petroleum geophysics, and gravity. Three undergraduate 

geophysics options are available: mining, petroleum, and 

pure. Exploration training for mineral and energy resources 

is interdisciplinary with the Department of Mining, 

Metallurgical and Fuels Engineering. 

Three English courses, including one in technical 

writing, computer programming experience, statistics, 

digital processing, and potential theory are required on 

the undergraduate level. The Ph.D. program requires three 

courses in geophysics. 

Degree Requirements 

College catalogs are difficult to employ in 

research; they are vague and incomplete, often contradictory 

and systematic methods of listing data are not usually used 

(Dressel and De Lisle, 1969, pp. 78-80; Tomikel, 1972, 

p. 72). To minimize this problem, 25 out of the 89 

available current catalogs of colleges and universities 

offering degrees in geophysics were analyzed. They showed 

the following average requirements (expressed in per

centages) for a B.S. degree: Other Technical, 12.6; 
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Non-Technical, 21.4; Electives, 14.0; Basic Subjects, 52.2. 

This 52.2 per cent is divided into 100 per cent as follows 

(see Table 42, p. 165): Geophysics, 15.8; Physics, 20.9; 

Geology, 37.3; Math, 25.8. The average number of semester 

hours required for a B.S. degree is 124.8 and for an M.S. 

31.4. Twelve of 25 departments require course work in 

computer programming for a B.S. None state business or 

economics requirements. 

Borgard (19 74) found that the curriculum pattern of 

the 1970's was similar to that of the 1960's. Data gathered 

in the late 19 60's should, therefore, be applicable to the 

present. 

Henderson (1968) lists the requirements for 77 of 

the 91 colleges and universities offering degrees in 

geophysics. Fifty per cent of the colleges require a 

foreign language for either a B.S. or M.S., and a thesis is 

required by 79 per cent for a master's degree. 

Analysis of Questionnaires 

The five divisions of this section parallel those of 

the questionnaire which is shown in Appendix E. The sixth 

division is a discussion of the questionnaire. 

General Information (Part I) 

Questionnaire respondents were divided into four 

categories based upon their major function at present. The 

categories and number of respondents in each category were: 
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education,32; exploration, 80; geophysical science, 52; and 

combination, 18. The combination category was made of 

respondents who listed more than one function. Three 

respondents said their functions were exploration and educa

tion, 4 gave exploration and science, and 11 gave science 

and education. The breakdown by employer and function is 

shown in Table 15. Table 15 also shows the number of 

geophysicists supervised, and the number of undergraduate 

and graduate students per year. 

Table 15. General Information Data Expressed in Numbers of 
Respondents 

Function 

Educa- Explora- Combina
tion tion Science tion Total 

Employer 

Industry 

College and 
University 32 

Government 

Totals 32 

Total Number of 
Geophysicists 
Supervised 

Average Number 
of Geophysicists 
Supervised 

Students/Year 
Undergraduate 440 
Graduate 292 

68 

1 

11 

80 

2567 

32.1 

49 

52 

2427 

46.7 

12 

6 

18 

57 

3.2 

327 
6 238 

68 

48 

66 

182 



122 

The highest degree held and years of experience are 

shown in Table 16. All respondents whose function is 

education have the Ph.D. as do most of the science and 

combination respondents, but about half the exploration 

geophysicists have only the bachelor's degree. Forty-four 

per cent of the respondents have 2 4 or more years of 

experience, and 66 per cent have 20 or more years 

experience, only 11 per cent have fewer than 10 years 

experience. 

Table 17 shows the data on these general questions: 

Are present college and university geophysics educa
tional programs preparing geophysicists for future 
needs? Yes No 

Is university research adequate? Yes No 

Seventy-five per cent of the respondents answered that 

present college and university geophysics educational pro

grams are preparing geophysicists for future needs. 

However, only 6 4 per cent of the exploration people express 

this opinion. Fifty-five per cent of the respondents who 

answered the item believe that university research is 

adequate. However, only 40 per cent of explorationists 

answered "yes" to this question. 

Responses to the following questions are shown in 

Table 18: 

Demand, to 1986, for geophysicists will be: 

B.S, Excellent Good Up and Down Fair Poor 
M.S. Excellent Good Up and Down Fair Poor 
Ph.D. Excellent Good Up and Down Fair Poor 
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Table 16. Highest Degree Held and Years of Experience 
Expressed in Number of Respondents 

Educa
tion 

Explora
tion Science 

Combina
tion Total 

Highest Degree: 

Bachelor' s 0 42 5 0 48 

Master1s 0 19 11 1 31 

Ph. D. 32 19 35 17 102 

Totals 32 80 51 18 181 

Years of Experience: 

4 3 0 1 4 8 

8 2 4 5 0 11 

12 3 9 6 6 24 

16 4 3 10 1 18 

20 9 18 12 0 39 

24 or more 11_ 44 1_8 7 80 

Totals 32 78 52 18 180 



Table 17. Future Needs of Geophysicists and University Research Expressed in 
Number of Respondents and in Percentages 

Education Exploration Science Combination 

Total Responses % Responses % Responses % Responses % Total 

Programs Preparing for Future Needs: 

Yes 24 80 41 64 35 83 13 87 113 
No 6 20 23 36 7 17 2 13 38 
Total 30 100 64 100 42 100 15 100 151 

University Research Adequate: 

Yes 20 67 23 40 27 61 8 57 80 
No 10 33 35 60 17 39 6 43 68 
Total 30 100 58 100 44 100 14 100 146 
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Table 18. Demands for Graduates, Educational and Research 
Programs, and Requests for a Copy of the 
Abstract Expressed in Number of Respondents 

Educa
tion 

Explora
tion Science 

Combina
tion Total 

B.S. Demand: 

Excellent 4 7 6 3 20 
Good 11 35 20 6 72 
Up & Down 8 22 10 7 47 
Fair 2 4 10 1 17 
Poor 4 4 2 0 10 
Total 29 72 48 17 166 

M.S. Demand: 

Excellent 10 15 9 9 43 
Good 14 34 23 3 74 
Up & Down 5 19 9 2 35 
Fair 1 4 8 2 15 
Poor 0 1 0 1 2 
Total 30 73 49 17 169 

Ph. D. Demand: 

Excellent 6 12 18 6 42 
Good 13 20 16 6 55 
Up & Down 6 25 11 4 46 
Fair 5 4 3 1 13 
Poor 0 9 2 0 11 
Total 30 70 50 17 167 

Demand Educational Programs: 

High 8 18 11 10 47 
Moderate 17 50 31 6 104 
Poor 6 3 5 2 16 
Total 31 71 47 18 167 

Demand Research Programs: 

High 11 33 27 10 81 
Moderate 20 34 18 3 75 
Poor 0 4 3 3 10 
Total 31 71 48 16 166 
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Table 18.—Continued 

Educa Explora Combina
tion tion Science tion Total 

Requests for Abstract: 

Yes 23 60 42 14 139 
No 5 9 7 3 24 
Total 28 69 49 17 163 
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Demand, to 1986, for new or expanded geophysics 
programs will be: 

Educational Programs Research Programs 
High Moderate Poor High Moderate Poor 

These results will be published. Would you like to 
receive a copy of the abstract? Yes No 

Majority opinion on the demand for B.S. recipients lies 

between good and up and down. Almost half the exploration-

ists believe the demand will be good. Demand for M.S. 

recipients is good, higher than that for B.S. and Ph.D. 

degrees, and the pattern for Ph.D.'s is higher than for the 

B.S. degree. The demand for new or expanded educational 

and research programs varies between moderate and high; new 

research programs will be in greater demand than new 

educational programs. The number of respondents (139) who 

wish to receive a copy of the abstract is 85 per cent of 

those responding to the item. 

General Questions (Part II) 

The first question was: 

1. The undergraduate geophysics curriculum can be 
divided into four categories: 

Basic subjects—geophysics, geology, physics, 
mathematics 

Other technical subjects—chemistry, engineering, 
computer programming, technical writing, etc. 

Nontechnical requirements—social studies, 
English, etc. 

Electives--areas other than basic and technical 
subj ects 

What percentage of the program should be devoted 
to each? (Circle one figure for each; the sum 
of the circled figures should equal 100%) 
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Basic subjects 0 10 20 30 40 50 60 70 80 90 100 
Other technical 0 10 20 30 40 50 60 70 80 90 100 

Nontechnical 
requirements 0 10 20 30 40 50 60 70 80 90 100 

Electives 0 10 20 30 40 50 60 70 80 90 100 

How should the undergraduate basic subjects be 
distributed? (Circle one figure for each; the 
sum of the circled figures should equal 100%) 

Geophysics 10 15 20 25 30 35 40 45 50 55 60 
Geology 10 15 20 25 30 35 40 45 50 55 60 
Physics 10 15 20 25 30 35 40 45 50 55 60 
Mathematics 10 15 20 25 30 35 40 45 50 55 60 

Responses to these questions are given in Table 19. 

There was little variation in average responses to the 

question on the basis of functional categories. However, 

respondents with exploration and combination functions 

thought a slightly larger percentage of the curriculum 

should be devoted to basic subjects, than did those with 

education and science functions. The percentage of the 

total undergraduate curriculum which should be devoted to 

geophysics, geology, physics, and mathematics is about 

50 per cent; that devoted to other technical requirements, 

i.e., chemistry, engineering, computer programming, 

technical writing, etc. is about 22 per cent; to social 

studies, English, etc. about 17 per cent and electives 

exclusive of those in basic and technical subjects about 

13 per cent. 

The per cent of basic subjects which should be 

devoted to geophysics, geology, physics, and mathematics 

are also shown in Table 19. Respondents believed these 



Table 19. Undergraduate Geophysics Curricula and Basic Subjects, in Percentages 
and Semester Hours (Last Column) 

Educa
tion 

Explora
tion Science 

Combina
tion Average 

Semester 
Hours 

Basic Subjects 48. 9 53. 9 48.0 53. 5 51. 3 69 

Other Technical 22.8 22.0 23.2 22.5 22.5 30 

Nontechnical Requirements 16.9 15.5 18.4 14.4 16.6 22 

Electives 13.1 11. 8 13.8 11. 9 12.7 17 

Total 101.7 103. 2 103.4 102.3 103.1 136 

Geophysics 22.7 28.1 24.8 25. 3 26.0 18 

Geology 25. 2 27. 2 23.4 24.0 25.3 18 

Physics 26.0. 21. 5 26.4 23.2 24.1 17 

Mathematics 26. 7 23. 5 25.7 27.6 25.1 17 

Total 100. 6 100.3 100. 3 100.1 100. 5 70 
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subjects should have about the same weight, or 2 5 per cent 

each, of the 50 per cent of the total undergraduate 

curriculum. That is each should be about 12.5 per cent of 

the total undergraduate curriculum. 

The number of semester hours based on an average 

(see below) of 136 for the B.S. are shown in the last column 

of Table 19. Thus 69 semester hours is 51 per cent of 136, 

2. Should there be a differentiation of programs 
at the bachelor's degree level for students 
planning to go into exploration or into geo
physical science? 

Yes No 

What percentage of the undergraduate geophysics 
curriculum should be devoted to courses in 
exploration geophysics? (Circle one figure) 

0 10 20 30 40 50 60 70 80 90 100 

3. For students planning careers in exploration, 
what percentage of the graduate geophysics 
curriculum should be devoted to courses in 
exploration geophysics? (Circle one figure) 

10 20 30 40 50 60 70 80 90 100 

Responses to the first part of Question 2 are shown 

in Table 20. Education and geophysical science respondents 

do not believe there should be a differentiation; those 

from exploration are slightly in favor of it. Total values 

show that the majority of respondents (108 to 63) are 

opposed to differentiation. However, many of the schools 

discussed earlier with extensive programs do have differen

tiated undergraduate programs as would be expected. 
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Table 2 0. Differentiation of Programs at the Undergraduate 
Level Expressed in Number of Respondents 

Education Exploration Science Combination Total 

Yes 9 40 7 7 63 

No 20 36 43 9 108 

Table 21 shows that explorationists believe that 

45 per cent of the undergraduate geophysics curriculum 

should be devoted to exploration geophysics and 58 per cent 

of the graduate curriculum should be devoted to courses in 

exploration geophysics. Other respondents show less than 

30 per cent and 50 per cent respectively. A difference 

worth noting appears here. 

4. How should that portion of the curriculum 
devoted to exploration geophysics be divided 
between instruction on fundamentals and 
instruction in use of specific instruments and 
field techniques? (Circle one number for each; 
the sum of the circled numbers should equal 
100%.) 

Fundamentals 0 10 20 30 40 50 60 70 80 90 100 

Instruments & 
Field tech
niques 0 10 20 30 40 50 60 70 80 90 100 

Data for Question 4 are shown in Table 21. There is 

general agreement except that education respondents are 

slightly higher than other groups in fundamentals and lower 

in specific instruments and field techniques. 
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Table 21. Responses to Part II, General Questions 

Educa- Explora- Combina
tion tion Science tion Average 

Per cent of the 
undergraduate 
geophysics 
curriculum 
devoted to 
exploration 29.3 45.1 28.6 22.5 35.4 

Per cent of the 
graduate 
geophysics 
curriculum 
devoted to 
exploration 43.3 58.0 48.6 38.2 50.8 

Fundamentals 75.3 70.0 68.2 71,3 70.5 

Specific 
Instruments and 
Field Techniques 24.3 30.4 31.6 28.7 29.5 

Total 99.6 100.4 99.8 100.0 100.0 

Semester hours 
for under
graduate 
program 132 141 133 130 136 

Semester hours 
for master's 
program 37 45 39 38 41 

Questions 2, 3, and 4 in percentages and question 5 
in the number of semester hours. 
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5. The geophysics program should require how many 
semester hours? 

Undergraduate 120 130 140 150 160 

Master's 30 45 60 

Respondents (Table 21) believe that 136 semester 

hours are about right for a B.S. degree, explorationists 

believe a slightly larger number value (141) is appropriate. 

About 40 semester hours should be required for an M.S. but 

again explorationists believe that a larger number value 

(45) is more appropriate. 

Summary of Part II. Assuming 136 hours for an 

undergraduate degree and the average values shown in Table 

19 the number of semester hours which should be devoted to 

the various areas are shown in the last column of Table 19. 

About 69 semester hours should be devoted to basic subjects 

and about 18 semester hours to geology courses. 

Three questions indicate that explorationists 

believe that the curriculum should be oriented to explora

tion for students planning careers in this area. These 

questions are the questions on the per cent of the curriculum 

devoted to exploration and the belief by 36 per cent that 

educational programs are not preparing geophysicists for 

future needs. 



1 3 4  

Academic Requirements for Geophysicists 
(.Part III) 

Academic areas were divided into basic subjects 

(geophysics, geology, physics, mathematics), other technical 

subjects, nontechnical requirements, and electives. These 

areas are discussed in this order below. 

An A answer (vital) was assigned a weight of 200 and 

a B answer (useful) a weight of 100. These values were 

summed for all answers for the work functions, education, 

exploration, science, and combination, and divided by the 

number of responses. These weighted numbers are shown 

below in the tables of this section. 

Geophysics. The summarized results are shown in 

Table 22. To further reduce the data differences were taken 

between the values of the "all" column in Table 22 and 

values in the other columns and these differences are shown 

in Table 23. Thus +2 in the education column (now) for 

seismics means that the actual value is 193. Differences 

shown under 1986 were calculated from now values for the 

same respondent function. That is, educators consider 

seismics in 1986 to have a weight of 188. Differences of 

more than 20 have been underlined in the table. It is 

immediately apparent that all respondent categories consider 

remote sensing and radioactivity to be more vital and useful 

in 1986 than at present. It is also apparent that educators 

attach a much greater importance to thesis than does the 
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Table 22. Relative Weights of Geophysics Subjects 

Educa
tion 

Explora
tion Science 

Combina
tion All 

Now 

Electrical 132 114 138 125 125 

Gravity 161 138 154 138 146 

Magnetics 161 142 164 138 151 

Radioactivity 70 64 93 107 78 

Seismics 193 193 189 186 191 

Remote Sensing 69 73 100 100 82 

Thesis 164 86 132 123 117 

Electives 100 114 103 142 112 

1986 

Electrical 142 129 151 133 138 

Gravity 156 142 143 120 142 

Magnetics 164 141 165 133 151 

Radioactivity 88 93 115 136 103 

Seismics 188 196 187 181 190 

Remote Sensing 113 113 157 133 128 

Thesis 160 92 130 133 118 

Electives 108 115 105 136 113 



Table 23, Differences in Relative Weights for Geophysics Subjects — Now values 
for all respondents were taken as the standard for all Now values. 
Deviations for the 1986 columns were calculated from the Now values 
of the same respondent category. 

Educa- Explora- Combina-
All tion tion Science tion 

Now 1986 Now 1986 Now 1986 Now 1986 Now 1986 

Seismics 191 -1 + 2 -5 +2 + 3 -2 -2 -5 -5 

Magnetics 151 0 +10 + 3 -9 -1 +13 + 1 -13 -5 

Gravity 146 -4 +15 -5 -8 + 4 + 8 -11 -8 -18 

Electrical 125 +13 +7 +10 -11 +15 +13 +13 0 + 8 

Thesis 117 +1 +47 -4 -31 + 6 +15 -2 + 6 +10 

Electives 112 +1 +12 + 8 +2 +1 -9 + 2 + 30 -6 

Remote Sensing 82 +46 -13 + 44 -9 + 40 +18 + 57 +18 + 33 

Radioactivity 78 + 25 -8 +18 -14 + 29 +15 + 22 + 29 + 29 
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average respondent, while industry places much less emphasis 

on it than does the average. Persons with combination 

functions place a much greater weight on electives and 

radioactivity than does the average. 

The relative weight of the items at present are 

shown in Table 23, with the highest at the top. Seismics 

is considered most vital and useful, and radioactivity is 

considered least vital and useful. 

Space was left at the bottom of each category to 

mention items. In geophysics seven items were mentioned 

more than once. General geophysics was added four times; 

borehole and geothermal were each added three times; and 

field work, potential theory, solid-earth geophysics, and 

tectonophysics were each added once. 

Geology. Summarized geology data are shown in 

Tables 24 and 25. These data were treated as those of 

geophysics. Table 2 5 shows that persons with exploration 

functions consider stratigraphy to be somewhat more 

important than do those in the education, scientific, and 

combination categories. Historical geology has a low 

weight in the combination column. Structural geology has 

the highest weight followed by field geology. 

Ten items were added more than once. The list was 

led by economic geology (7) and petroleum geology (4). 

Items mentioned three times were geochemistry, geomorphology, 
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Table 24. Relative Weights of Geology Subjects 

Educa
tion 

Explora
tion Science 

Combina
tion All 

Now 

Field 143 155 162 140 153 

Historical 93 124 107 87 110 

Mineralogy & 
Petrology 128 118 123 133 122 

Stratigraphy 114 164 118 106 138 

Structural 179 187 176 163 180 

Electives 93 112 

1986 

100 111 106 

Field 148 153 158 121 151 

Historical 100 130 100 79 112 

Mineralogy & 
Petrology 136 129 127 133 130 

Stratigraphy 130 168 116 107 141 

Structural 187 190 177 160 183 

Electives 90 118 104 111 111 



Table 25. Differences in Relative Weights of Geology Subjects 

Educa- Explora- Combina-
All tion tion Science tion 

Now 198 6 Now 198 6 Now 198 6 Now 198 6 Now 1986 

Structural 180 + 3 -1 + 8 + 7 + 3 -4 + 1 -17 -3 

Field 153 -2 -10 + 5 + 2 -2 + 9 -4 -13 -19 

Stratigraphy 138 + 3 -24 +16 + 26 +4 -20 -2 -32 +1 

Mineralogy & 
Petrology 122 + 8 + 6 + 8 -4 +n + 1 + 4 +11 0 

Historical 110 + 2 -17 + 7 + 14 + 6 -3 -7 -23 -8 

Electives 106 + 5 -13 -3 + 6 + 6 -6 -6 + 5 0 
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groundwater geology, and tectonics. Ore deposits, paleon

tology, physical geology, and rock mechanics were each 

mentioned twice. 

Physics. All respondent categories believe (Tables 

26 and 27) that atomic and nuclear physics will be somewhat 

more important in 1986 than at present. Those with combina

tion functions do not believe that optics, acoustics, and 

heat are as important as do those with other functions. 

Mechanics is considered relatively unimportant by 

explorationists, but it is rated somewhat higher by those 

with combination functions. Educators consider electives 

to be important in 1986; electives are also rated high at 

present by those with combination functions. Electricity 

and magnetism rank highest and atomic and nuclear physics 

lowest. Mathematical methods and thermodynamics were each 

mentioned four times. Wave propagation was mentioned three 

times and quantum mechanics, solid-state physics, and fluid 

mechanics were each mentioned twice. 

Mathematics. Persons with combination functions 

believe (Tables 28 and 29) that Fourier transforms and 

vector and tensor analysis are relatively important. 

Statistics is rated high now in the science column, and 

educators attach a much higher importance to electives than 

do others. Calculus and differential equations rank highest. 
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Table 26. Relative Weights of Physics Subjects 

Educa
tion 

Explora
tion Science 

Combina
tion All 

Now 

Atomic & Nuclear 86 81 113 112 94 

Electricity & 
Magnetism 177 161 183 171 171 

Mechanics 165 126 166 171 149 

Optics, Acoustics 
& Heat 161 163 165 139 161 

Electives 117 114 

1986 

116 163 119 

Atomic & Nuclear 96 126 144 141 129 

Electricity & 
Magnetism 181 161 185 163 172 

Mechanics 171 119 162 163 145 

Optics, Acoustics 
& Heat 161 165 172 141 164 

Electives 138 126 128 163 131 



Table 27. Differences in Relative Weights of Physics Subjects 

Educa- Explora- Combina-
All tion tion Science tion 

Now 198 6 Now 1986 Now 1986 Now 198 6 Now 1986 

Electricity & 
Magnetism 171 +1 + 6 + 4 -10 0 +12 + 2 0 -8 

Optics, Acoustics 
& Heat 161 + 3 0 0 + 2 + 2 + 4 + 7 -22 +2 

Mechanics 149 +4 +16 + 6 -23 -7 + 17 -4 + 22 -8 

Electives 119 +12 -2 + 21 -5 + 12 -3 + 12 + 44 0 

Atomic & Nuclear 94 + 35 -8 + 10 -13 + 45 +19 + 31 + 18 + 29 
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Table 28. Relative Weights of Math Subjects 

Educa
tion 

Explora
tion 

Combina-
Science tion All 

Now 

Calculus 200 177 198 194 189 

Differential 
Equations 186 159 187 189 175 

Statistics 121 123 167 144 137 

Fourier Trans. 163 164 147 183 161 

Laplace Trans. 141 137 130 156 138 

Vector & Tensor 
Analysis 163 133 152 178 149 

Electives 158 116 

1986 

112 122 121 

Calculus 200 176 198 194 188 

Differential 
Equations 182 158 186 194 174 

Statistics 123 130 180 156 146 

Fourier Trans. 167 163 156 181 164 

Laplace Trans. 157 148 140 163 149 

Vector & Tensor 
Analysis 167 145 157 181 156 

Electives 150 123 116 122 124 



Table 29. Differences in Relative Weights of Math Subjects 

Educa- Explora- Combina-
All tion tion Science tion 

Now 198 6 Now 19 86 Now 1986 Now 19 86 Now 1986 

Calculus 189 -1 +11 0 -12 -1 + 9 0 + 5 0 

Differential 
Equations 175 -1 +11 -4 -16 -1 +12 -1 +14 + 5 

Fourier Transforms 161 +3 + 2 + 4 + 3 -1 -14 + 9 +22 -2 

Vector and Tensor 
Analysis 149 +7 +14 +4 -16 +12 + 3 + 5 +29 + 3 

Laplace Transforms 138 +11 + 3 +16 -1 +11 -8 +10 +18 + 7 

Statistics 137 + 9 -16 + 2 -14 + 7 + 30 + 13 + 7 +12 

Electives 121 + 3 + 37 -8 -5 + 7 -9 + 4 + 1 0 
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Numerical methods were mentioned by eleven 

respondents, complex variables by seven, partial differen

tial equations by three, and matrices by two. 

Other Technical Subjects. All four academic areas 

show deviations (Tables 3 0 and 31). Computer programming 

is rated high by explorationists in 1986; report writing is 

rated very low in the combination column; chemistry is given 

a low weight by explorationists, but higher by those with 

combination functions; and electives are again rated high 

by educators. Electrical engineering was mentioned three 

times and electricity was mentioned twice. 

Non-Technical Requirements. The most pronounced 

feature shown in Tables 32 and 33 is the low regard of 

business and economics held in 1975 by educators and geo-

physicists with science functions. Industry considers the 

category somewhat higher and those with combination functions 

still higher in 1986. English and speech are not highly 

regarded by those with combination functions. Humanities 

are rated high by educators now and they also rate electives 

rather high in 1986. English has by far the highest 

rating. 

Summary of Part III 

Items which all respondent categories indicate will 

have greater relative importance in 1986 are remote sensing, 
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Table 30. Relative Weights of Other Technical Subjects 

Educa- Explora Combina
tion tion Science tion All 

Now 

Chemistry 141 103 136 147 124 

Computer Programming 171 150 149 167 155 

Report Writing 136 164 151 100 150 

Electives 140 97 100 117 105 

1986 

Chemistry 146 102 132 147 123 

Computer programming 173 171 167 173 170 

Report Writing 140 165 153 107 152 

Electives 144 106 100 120 110 



Table 31. Differences in Relative Weights of Other Technical Subjects 

Educa- Explora- Combina-
All tion tion Science tion 

Now 1986 Now 19 8 6 Now 19 8 6 Now 19 8 6 Now 198 6 

Computer Programming 155 +15 +16 + 2 -5 +21 -6 +18 +12 + 6 

Report Writing 150 +2 -14 + 4 +14 +1 +1 + 2 -50 + 7 

Chemistry 124 -1 +17 + 5 -21 -1 +12 -4 + 23 0 

Electives 105 + 5 +35 + 4 -8 + 9 -5 0 +12 + 3 
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Table 32. Relative Weights of Non-Technical Subjects 

Educa
tion 

Explora
tion Science 

Combina
tion All 

Now 

Business & Economics 60 124 74 107 99 

English 159 160 157 133 156 

Foreign Language 71 65 91 80 76 

Humanities and 
Social Sciences 117 73 96 93 88 

Speech 86 113 112 73 106 

Electives 100 74 

1986 

100 86 86 

Business & Economics 73 140 83 146 115 

English 171 165 158 150 162 

Foreign Language 95 71 102 75 85 

Humanities and 
Social Sciences 112 78 103 92 91 

Speech 100 119 111 75 112 

Electives 143 79 100 80 93 



Table 33. Differences in Relative Weights of Non-Technical Subjects 

Educa- Explora- Combina-
All tion tion Science tion 

Now 1986 Now 19 86 Now 198 6 Now 1986 Now 1986 

English 156 + 6 + 3 +12 + 4 + 5 +1 +1 -23 +17 

Speech 106 + 6 -20 +14 + 7 + 6 + 6 -1 -33 +2 

Business & Economics 99 +16 -39 +13 + 25 +16 -25 +9 + 8 + 39 

Humanities and 
Social Sciences 88 + 3 + 29 -5 -15 + 5 + 8 + 7 + 5 -1 

Electives 86 +7 +14 + 43 -12 + 5 +14 0 0 -6 

Foreign Language 76 +9 -5 + 24 -11 + 6 +15 +11 + 4 -5 
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radioactivity, and atomic and nuclear physics. Educators 

believe physics and non-technical electives and foreign 

languages will be somewhat higher in 1986. Industrial 

respondents believe computer programming will be more 

important, and persons with combination functions believe 

business and economics will have greater importance. 

The preceding tables (Tables 22 through 33) divide 

the curriculum into subject areas. Tables 34 through 38 

combine the 1986 data and list those from the greatest 

relative weight to the lowest by each respondent category. 

Ranks from 1 to 36 are also assigned to each item. These 

ranks are not easily compared with the previous data because 

items with large differences in relative weights may be 

assigned consecutive ranks. 

There is little doubt that seismics and calculus 

rank very high in the opinion of most geophysicists. 

Overall, persons with combination functions show the 

greatest deviation from overall opinion, if we count items 

which differ in rank by 8 or more. They rate (Table 38) 

radioactivity at 19, compared to an overall rank of 33 

(Table 34); business and economics at 15 compared to 27 

overall (overall opinion is given in parentheses in the 

remainder of this discussion); physics electives at 8 (20); 

chemistry at 14 (25); and geophysics electives at 18 (28). 

Items ranked low are report writing at 31 (11); field 

geology at 26 (13); stratigraphy at 30 (18); gravity at 
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Table 34. Relative Weights and Ranks of All Subjects by 
All Respondent Categories--1986 

Relative 
Weight Subject Rank 

190 Seismics 1 
188 Calculus 2 
183 Structural 3 
174 Differential Equations 4 
172 Electricity & Magnetism 5 
170 Computer Programming 6 
164 Optics, Acoustics, & Heat 7 
164 Fourier Transforms 8 
162 English 9 
156 Vector & Tensor Analysis 10 
152 Report Writing 11 
151 Magnetics (Geophysics) 12 
151 Field Geology 13 
149 Laplace Transforms 14 
146 Statistics 15 
145 Mechanics 16 
142 Gravity (Geophysics) 17 
141 Stratigraphy 18 
138 Electrical (Geophysics) 19 
131 Physics Electives 20 
130 Mineralogy & Petrology 21 
129 Atomic & Nuclear Physics 22 
128 Remote Sensing 23 
124 Math Electives 24 
123 Chemistry 25 
118 Thesis 26 
115 Business & Economics 27 
113 Geophysics Electives 28 
112 Speech 29 
112 Historical Geology 30 
111 Geology Electives 31 
110 Technical Electives 32 
103 Radioactivity 33 
93 Non-Technical Electives 34 
91 Humanities 35 
85 Foreign Language 36 
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Table 35. Reliitivo Weights and Ranks of All Subjects by 
Educators--!986 

Relative 
Weight Subject Rank 

200 Calculus 1 
188 Seismics (Geophysics) 2 
187 Structural (Geology) 3 
182 Differential Equations 4 
181 Electricity & Magnetism 5 
173 Computer Programming 6 
171 English 7 
171 Mechanics (Physics) 8 
167 Fourier Transforms 9 
167 Vector & Tensor Analysis 10 
164 Magnetics (Geophysics) 11 
161 Optics, Mech. Heat (Physics) 12 
160 Thesis (Geophysics) 13 
157 Laplace Transforms 14 
156 Gravity (Geophysics) 15 
150 Math Electives 16 
148 Field Geology 17 
146 Chemistry 18 
144 Tech. Electives 19 
143 Non-Tech. Electives 20 
142 Electrical (Geophysics) 21 
140 Report Writing 22 
138 Physics Electives 23 
136 Mineralogy & Petrology 24 
130 Stratigraphy 25 
123 Statistics 26 
113 Remote Sensing (Geophysics) 27 
112 Humanities 28 
108 Geophysics Electives 29 
100 Historical Geology 30 
100 Speech 31 
96 Atomic & Nuclear Physics 32 
95 Foreign Language 33 
90 Geology Electives 34 
88 Radioactivity (Geophysics) 35 
73 Business & Economics 36 



153 

Table 36. Relative Weights and Ranks of All Subjects by 
Explorationists—198 6 

Relative 
Weight Subject Rank 

196 Seismics 1 
190 Structural 2 
176 Calculus 3 
171 Computer Programming 4 
168 Stratigraphy 5 
165 Optics, Acoustics & Heat 6 
165 English 7 
165 Report Writing 8 
163 Fourier Transforms 9 
161 Electricity and Magnetism 10 
158 Differential Equations 11 
153 Field Geology 12 
148 Laplace Transforms 13 
145 Vector and Tensor Analysis 14 
142 Gravity 15 
141 Magnetics 16 
140 Business & Economics 17 
130 Statistics 18 
130 Historical Geology 19 
129 Electrical 20 
129 Mineralogy & Petrology 21 
126 Atomic and Nuclear Physics 22 
126 Physics Electives 23 
123 Math Electives 24 
119 Mechanics 25 
119 Speech 26 
118 Geology Electives 27 
115 Geophysics Electives 28 
113 Remote Sensing 29 
106 Technical Electives 30 
102 Chemistry 31 
93 Radioactivity 32 
92 Thesis 33 
79 Non-Technical Electives 34 
78 Humanities 35 
71 Foreign Language 36 
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Table 37. Relative Weights and Ranks of All Subjects by 
Geophysical Scientists—1986 

Relative 
Weight Subject Rank 

198 Calculus 1 
187 Seismics 2 
186 Differential Equations 3 
185 Electricity and Magnetism 4 
180 Statistics 5 
177 Structural 6 
172 Optics, Acoustics and Heat 7 
167 Computer Programming 8 
165 Magnetics 9 
162 Mechanics 10 
158 English 11 
158 Field Geology 12 
157 Vector and Tensor Analysis 13 
157 Remote Sensing 14 
156 Fourier Transforms 15 
153 Report Writing 16 
151 Electrical 17 
144 Atomic and Nuclear Physics 18 
143 Gravity 19 
140 Laplace Transforms 20 
132 Chemistry 21 
130 Thesis 22 
128 Physics Electives 23 
127 Mineralogy and Petrology 24 
116 Stratigraphy 25 
116 Math Electives 26 
115 Radioactivity 27 
111 Speech 28 
105 Geophysics Electives 29 
104 Geology Electives 30 
10 3 Humanities 31 -
102 Foreign Language 32 
100 Technical Electives 33 
100 Non-Technical Electives 34 
100 Historical Geology 35 
83 Business & Economics 36 
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Table 38. Relative Weights and Ranks of All Subjects by 
Respondents with Combination Functions—1986 

Relative 
Weight Subject Rank 

194 Calculus 1 
194 Differential Equations 2 
181 Seismics 3 
181 Fourier Transforms 4 
181 Vector and Tensor Analysis 5 
173 Computer Programming 6 
163 Laplace Transforms 7 
163 Physics Electives 8 
163 Electricity and Magnetism 9 
163 Mechanics 10 
160 Structural 11 
156 Statistics 12 
150 English 13 
147 Chemistry 14 
146 Business and Economics 15 
141 Optics, Acoustics and Heat 16 
141 Atomic and Nuclear 17 
136 Geophysics Electives 18 
136 Radioactivity 19 
133 Electrical 20 
133 Magnetics 21 
133 Remote Sensing 22 
133 Thesis 23 
133 Mineralogy and Petrology 24 
122 Math Electives 25 
121 Field Geology 26 
120 Gravity 27 
120 Technical Electives 28 
111 Geology Electives 29 
107 Stratigraphy 30 
107 Report Writing 31 
92 Humanities 32 
80 Non-Technical Electives 33 
79 Historical Geology 34 
75 Foreign Languages 35 
75 Speech 36 
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27 (17); optics, acoustics, and heat at 16 (7); and 

structural geology at 11 (3). 

Educators (Table 35) show the next most deviations 

from overall opinion. They rate some electives higher, 

math electives at 16 (24), technical electives at 19 (32), 

and non-technical electives at 20 (34). Thesis also ranked 

high at 13 (26) as is mechanics at 8 (16). Report writing 

at 22 (11), atomic and nuclear physics at 32 (22), business 

and economics at 36 (27), and statistics at 26 (15) are 

rated low. 

Industrial respondents (Table 36) rate historical 

geology at 19 (30), stratigraphy at 5 (18), and business 

and economics at 17 (27). A low rank is given to mechanics 

at 25 (16). 

Geophysical science respondents (Table 37) show the 

least deviation. They rank statistics 5 (15), remote 

sensing at 14 (23), and business and economics low at 

36 (27). 

Energy Questions (Part IV) 

Part IV of the questionnaire included three 

questions regarding energy which were: 

1. The energy sources (rank the top three 1, 2, 3 
with 1 the highest) which offer the most 
promise of solving or alleviating the U.S. 
energy problem are: 
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by by by 
1986 2000 2025 

Coal 
Geo thermal 
Off-Shore Petroleum ZZZH 
Oil Shale 
Nuclear Fission 
Nuclear Fusion 
Solar Energy 
Other (specify) ZZZZ ~ZZ 

2. In your opinion is it possible for the U.S. to 
become self-sufficient in energy by: 

1986 2000 2025 other (specify) 

3. Would you favor a government program to educate 
the public on finite and nonrenewable resources: 

Yes No 

In Question 1 the highest rank (1) was assigned a 

weight of 3, the next highest (2) a weight of 2, and the 

lowest rank (3) a weight of 1. Totals by work function and 

for the years 1986, 2000, and 2025 are shown in Table 39. 

Table 39 indicates that by 1986 coal and off-shore petroleum 

are expected to be supplying much of our energy. Fission 

and oil-shale will also make contributions. By 2000 A.D. 

fission has moved to second place and off-shore petroleum 

has dropped to third. Solar energy appears in fourth place. 

By 20 25 atomic and solar energy are expected to be supplying 

much of our needs supplemented by coal. 

As shown in Table 40 the majority believe it is 

possible for the U.S. to become self-sufficient in energy 

by the year 2000 but several respondents noted that they 

consider this date to be possible only if we learn to 

curtail energy waste and exercise discipline in energy 

usage. 



Table 39. Energy Sources for the U. S. 

Education Exploration Science Combination Total 

1986 

Coal—64 
Off-shore--53 
Fission--31 
Oil Shale—9 

Off-shore—182 
Coal—150 
Fission—49 
Oil Shale—27 

Coal--100 
Off-shore--82 
Fission—42 
Oil Shale—11 

Coal—40 
Off-shore—26 
Fission—16 
Oil Shale—9 

Coal--354 
Off-shore--343 
Fission--138 
Oil Shale--56 

2000  

Coal—46 
Fission—36 
Fusion-—21 
Solar—18 

Coal—138 
Off-shore—79 
Fission—76 
Solar—48 

Coal—73 
Fission—67 
Fusion—37 
Off-shore-—27 

Coal--36 
Fission—25 
Oil Shale—11 
Off-shore—26 

Coal—293 
Fission--204 
Off-shore--132 
Solar—66 

2025 

Fusion—37 
Fission--31 
Solar-*-28 
Coal—27 

Solar—86 
Coal—78 
Fission—77 
Fusion—72 

Fusion--68 
Fission—51 
Solar—47 
Coal--47 

Fusion'—31 
Coal—25 
Solar—18 
Fission—10 

Fusion—208 
Solar—179 
Coal—177 
Fission—169 
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Table 40, U. S. Energy Self-Sufficiency Expressed in Number 
of Respondents 

Education Exploration Science Mixed Total 

1986 5 9 9 4 27 

2000 13 33 22 5 73 

2025 3 11 8 5 27 

Seventy-six per cent of those who answered the third 

question favor a government program to educate the public on 

finite and nonrenewable resources as shown in Table 41. 

Others believe that there should be a program to educate the 

government or that colleges or industry should do it. 

Discussion of Comments (Part V) 

About 40 per cent of the returned questionnaires had 

comments written in Part V. Respondents with exploration, 

geophysical science, and combination functions answered 

proportionally more often than those from education. How

ever, the academic return rate was the highest of all 

categories as noted in Chapter IV. Some of the responses 

were brief, others were comprehensive, and still others were 

humorous. Selected comments have been reproduced in 

Appendix J. 

Respondents agreed that graduates should be well-

schooled in the basic fundamentals of geophysics, geology, 

mathematics, and physics. In addition many added chemistry 



Table 41. Those Favoring a Government Program 
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Education Exploration Science Mixed Total 

Yes 

No 

20 

4 

50 

23 

40 

10 

15 

2 

125 

39 

and engineering. One respondent noted that a future 

geophysicist will change his specialty several times in his 

career, and the necessary education for these changes is 

training in the basic sciences which in itself leads to 

flexibility. 

Specific answers to each of the open-ended questions 

are given below. 

1. How can solid-earth geophysics education best 
serve to alleviate or solve present and 
future energy and mineral shortages? 

Four responses were common. One was that the 

education system should teach students, politicians, and the 

general public the need to conserve resources before a 

crisis develops and that our life style should be changed. 

The environmental effects of technology should also be 

taught. 

Many respondents, especially those in exploration, 

answered that more exploration and better and new methods 

are needed, and that education should be slanted to these 

needs. Many of them also believed that education should be 
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more practical rather than oriented to theoretical and 

research ends, and that it should supply a background for 

improving present exploration methods and help guide efforts 

for discovery. Courses could also be composite, thus 

eliminating redundant material. 

One of the recurrent answers from explorationists in 

particular was that education needs to be re-oriented toward 

the encouragement of creative thinking and imagination. 

They believe these qualities are more important than theory 

or research. The recruitment of motivated students was also 

mentioned. 

On the other hand, one group indicated that educa

tion can do little to alleviate or solve mineral shortages, 

and they showed a pessimism about our present leadership in 

industry and government. Industry was derided for being 

selfish and for operating entirely for a profit motive. 

Congressmen were found to be lacking in understanding of 

technical matters, and for their inability to arrive at 

agreement. Others indicated that work application is needed 

before graduates can make significant contributions, and 

several stated that education should remain the same. 

2. What will be the trends in geophysics educa
tion for the next 10 years? 

One recurrent answer to this question was that 

education would increasingly emphasize data processing 

techniques, new statistical and analytical techniques, 
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modeling, a systems approach to exploration and mining, and 

the greater use of remote sensing techniques. 

Many, but a minority of the respondents, believed 

that education will be about the same in 1986 as at present. 

Others answered "up" or "increase" which presumably means 

more and better education and a third group feels that 

demand will fluctuate up and down. One remark in particular 

was "up immediately and then down slowly." 

A few remarked that we need more applied courses. 

Some believed students need a broader base, but others that 

they need more specialization. 

3. What will be the research trends for the next 
ten years? 

Explorationists believe that applied research will 

be increased as will data collection, signal enhancement, 

and modeling, and that the digital revolution will be 

extended to areas other than seismics. Seismic research 

needs are direct detection of hydrocarbons, greater penetra

tion, and resolution. 

More research will be done for better exploration 

and for more energy sources including solar, geothermal, 

winds, and tides. Two respondents commented on ocean 

exploration, and one commented that geophysicists should 

prepare to get wet. 
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Research on geological hazards such as earthquakes, 

landslides, and tsunami will increase as more government 

funds are available in these areas. 

Discussion of the Questionnaire 

It is difficult to foresee all possible interpreta

tions of questions when questionnaires are written. In Part 

I, some interpreted the question on highest degree held and 

years of full-time experience in geophysics in terms of 

those whom they supervised. The question on the adequacy 

of university research and whether programs are preparing 

geophysicists for future needs was answered by a few: "it 

varies" or "yes" at the better universities, or some 

variation of these. Others on the query about demand for 

students commented that there would always be a demand for 

good students. Several answers added to 200% to the first 

part of Question 1 (Part II). 

Canadian schools do not operate on a semester 

system, and geophysicists trained there did not know how to 

interpret questions in which semester hours were mentioned. 

Others, from the U.S., educated in schools operated on a 

quarter or other system, were not proficient in trans

ferring hours to the semester system. 

Several commented that programs should be completely 

worked out by the student and his advisor, and that student 

aptitudes and interests should take precedence. 
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Some of the questions are obviously ambiguous in 

that averages and opinions are requested, but almost all 

respondents handled them very well. However, a few found 

the questionnaire vague or did not have opinions. Others 

did not like to pigeon-hole concepts. In view of the 

analytical mind of most geophysicists, the return rate and 

response was quite good. Only six questionnaires were 

returned with most of the items blank, and a letter was 

enclosed with one of these. 

Comparison of Catalog and Questionnaire Data 

Data from Table 19 are reproduced below in column 2 

of Table 42. The data given in the third column were 

derived from an analysis of 25 current catalogs of colleges 

offering degrees in geophysics (see the section on degree 

requirements). 

Actual requirements in basic subjects (52.2%) 

agree well with the average value of respondents (51.3%). 

However, a breakdown of basic subjects into geophysics, 

geology, physics, and mathematics shows that the actual 

requirements in geophysics are more than 10% low and in 

geology 12% high. Actual requirements are slightly low in 

physics, but are approximately equal to respondent opinion 

in mathematics. Technical requirements are almost 10% low 

but non-technical requirements are almost 5% high. Elec-

tives are approximately the same. 
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Table 42. Catalogs and Questionnaire Data 

Average of Respondents 
(In Per Cent of the 

Total) 

Actual Requirements 
(In Per Cent of 
the Total) 

Basic Subjects 51. 3 52. 2 

Other Technical 22. 5 12.6 

Non-Technical 
Requirements 16.6 21.4 

Electives 12. 7 14.0 
103.1 100.2 

Division of Basic Subjects 

Geophysics 26.0 15.8 

Geology 25.3 37.3 

Physics 24.1 20. 9 

Mathematics 25.1 25.8 
100. 5 99.8 

These data may be misleading in some respects, 

because students may take more courses in geophysics than 

are required if the courses are available. However, Table 

11 shows that only 43 colleges (47% of the total) offer 18 

or more semester hours (136 x .26 x .51 = 18) of their 

curriculum in geophysics. Many of the other schools are 

substituting geology requirements for geophysics. This may 

be explained by the large percentage of geology and/or 

geological sciences departments which offer degrees in 

geophysics. 
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As noted earlier (General Questions, Part II) the 

average number of semester hours for the undergraduate 

program calculated from the questionnaire data is 136. 

Average requirements at present (124.8) are 11 semester 

hours lower. Questionnaire data indicate that 41 hours 

should be required for a master's degree. The average 

number required at present is about 31. 

In view of the fact that computer programming will 

rank 6th in importance (Table 34) in 1986, it is surprising 

to find that only 12 colleges out of 25 (see Degree 

Requirements) require course work. English, which ranks 

9th, is required by 93% of colleges and universities (see 

Arts and Sciences Education, Chapter III) and additional 

ones require an admission competency. Courses in business 

and economics which rank 27 are not required at all but 

thesis which ranks 26 is required by 7 9% (see Degree 

Requirements) of the colleges. Foreign languages which rank 

36th out of 36 items is required by 50% of the colleges. 

It should be noted that seismology (Table 34) ranks 

1 in importance in 1986 and that at present seismology 

courses make up approximately 22% of courses offered in 

geophysics (Table 12). 
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Summary 

The Education of Geophysicists 

Seventy-five per cent of respondents are of the 

opinion that present geophysics curricula are meeting the 

present and foreseeable future needs of geophysicists. 

However, 36% of the industrial respondents do not have this 

opinion, and 60% of them do not believe university research 

programs are adequate. 

According to questionnaire data, the percentage of 

the total undergraduate curriculum which should be devoted 

to basic subjects (geophysics, geology, physics, and 

mathematics) is about 50%, that devoted to other technical 

requirements (chemistry, engineering, computer programming, 

technical writing, etc.) is about 22%, to such subjects as 

social studies, English, about 17%, and to electives 

exclusive of those in basic and technical subjects about 

13%. Catalog analysis shows that basic subjects make up 

about 52.2% of the curriculum, other technical subjects 

12.6%, non-technical subjects 21.4%, and electives 14.0%. 

Respondents recommend that geophysics, geology, physics, 

and mathematics be given about equal weight, in the under

graduate curriculum, or about 12.5% each of the total. 

College requirements in geophysics at present are 10% lower 

than recommended by respondents and in geology 12% higher 

than recommended. Respondents recommend about 18 semester 
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hours in geophysics for a B.S., but only 47% of the colleges 

offering geophysics degrees offer 18 or more hours in 

geophysics. Thus geophysics courses are not available even 

for electives. Many of the large negative values in Table 3 

are caused by deficiencies in geophysics. Few if any are 

caused by deficiencies in geology but positive values are 

related to geology courses. Thus students appear to be 

taking geology courses at the expense of those in geophysics. 

Respondents consider seismics the most important of 

the subdivisions of geophysics. It ranks 1st in importance 

in 1986 (Table 34) and seismology courses make up about 22% 

of all geophysics courses offered. Magnetics and gravity 

are of approximately equal importance. Remote sensing and 

radioactivity will be more important in 198 6 than at 

present. 

All respondent categories consider structural 

geology the most important of all geology categories listed. 

Explorationists consider stratigraphy somewhat more impor

tant than do other respondent categories. Historical 

Geology has a relatively low importance and ranks just above 

geology electives. 

Catalog requirements in mathematics and physics are 

in line with respondent recommendations. Respondents do not 

anticipate that important math areas will change by 1986. 

Calculus and differential equations will be most important. 

Educators attach a greater importance to.math electives 
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than do others, and statistics is rated relatively high by 

geophysical scientists. 

Electricity and Magnetism rank the highest of all 

physics areas. Mechanics is rated relatively low by 

explorationists, but somewhat higher by those with mixed 

functions. Educators consider physics electives to be 

somewhat more important in 198 6 and all respondent groups 

believe atomic and nuclear physics will be more important 

in 1986. 

Other technical courses required by colleges are at 

present almost 10% lower than recommended by respondents, 

and non-technical requirements are almost 5% too high. 

Among other technical subjects, computer programming and 

report writing are considered more important than chemistry. 

Educators attach greater significance to electives than do 

others. 

Among non-technical requirements, English rates the 

highest by far. Educators and science respondents do not 

consider business and economics very important but 

explorationists do. Educators consider the humanities more 

important than do others. They also attach a greater 

significance to electives in 1986 than do others. 

A thesis is required by 79% of the colleges and 

universities for an M.S. but it ranks 26th in importance 

(Table 34). Foreign languages rank 36th out of 36 items in 

importance but are required by 50% of the colleges. 
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Computer programming ranks 6th in importance but is required 

by only 48% of the colleges. Courses in business and 

economics rank 27th in importance but are not required 

at all. 

When all subjects are ranked together, the highest 

ranking are seismics, calculus, and structural geology. 

The lowest ranking subjects are foreign languages, 

humanities, and non-technical electives. 

Eighty per cent of undergraduate geophysics courses 

offered can be grouped into three categories: introductory 

survey, seismology, and gravity and/or magnetism. Fifty-six 

per cent of graduate courses are in seismology, gravity 

and/or magnetism, and rock mechanics and tectonophysics. 

Graduate courses comprise 44% of all geophysics courses 

offered. The introductory course to the physics of the 

earth is entitled physics of the earth 22 times. The title 

seismology occurs 18 times and the introductory course to 

geophysical exploration is named either exploration 

geophysics or geophysical exploration 23 times. 

Questionnaire respondents believe that approximately 

136 semester hours should be required for a B.S. and 41 for 

an M.S. The average number of hours required by colleges 

are 125 and 31. 

There is general agreement on how the division of 

the portion of the curriculum devoted to exploration 

geophysics should be divided between instruction on 
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fundamentals and instruction on specific instruments and 

field techniques. Fundamentals should occupy about 7 0% of 

the curriculum, specific instruments and field techniques 

about 30%. 

Industrial respondents are more likely to feel that 

educational programs are not preparing geophysicists for 

future needs than are others. The majority of explora-

tionists (40 to 36) believe that there should be a 

differentiation of geophysical science and exploration at 

the undergraduate level and that students planning careers 

in exploration should have a greater percentage of their 

undergraduate (45%) and graduate (58%) curricula in 

exploration courses than do other respondents. Explora-

tionists also believe that more semester hours should be 

required for degrees than do others. Explorationists 

consider stratigraphy, business and economics, and 

historical geology higher than others, but thesis and 

mechanics are rated lower than they are by others. 

Persons with combination functions deviate the most 

from average opinion. They are followed by those with 

academic functions who generally rank electives and thesis 

higher than average, and report writing, business and 

economics and statistics lower than average. Geophysical 

scientists deviate least from overall opinion. 
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Trends and a Look Into the Future 

It appears that the demand for geophysicists and 

degree-granting programs in geophysics is not accelerating. 

Though the demand for geophysicists in the recent past has 

increased, exploration effort by the fall of 1975 fell 

(Skelton, 1975b) in reaction to considerations given to 

unfavorable tax and leasing laws. Only three North 

American schools added degrees in geophysics between 197 0 

and 1972, whereas 18 did so from 1968 to 1970. Sixty-two 

per cent of the questionnaire respondents believe the demand 

for new or expanded educational programs will be moderate, 

and only 28% believe the demand will be high. However, 49% 

of the respondents believe the demand for new or expanded 

research programs will be high. 

The majority of the respondents believe the demand 

will be good for B.S. graduates to 1986. The demand for 

M.S. graduates is predicted to be even higher, and the 

demand for Ph.D.'s will be between that for the B.S. and 

M.S. graduates. 

A persistent theme in the comments section of the 

questionnaire was that graduates should be well-schooled in 

the basic fundamentals of geophysics, geology, mathematics, 

and physics. Many exploration respondents believe that 

education should be more practical and that it should be 

reoriented to the encouragement of creative thinking and 

imagination. Another frequently expressed opinion is that 
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education in the next 10 years will increasingly emphasize 

data processing techniques, new statistical and analytical 

techniques, modeling, a systems approach to exploration and 

mining and the greater use of remote sensing techniques. 

Explorationists believe that research trends in the next 

ten years will be improved and will include greater data 

collection. Signal enhancement will be realized and the 

digital revolution will be extended to areas other than 

seismics. Seismic research needs are direct detection of 

hydrocarbons, greater penetration, and resolution. 

A comparison of the data in Table 2 and Table 12 

shows that the percentage of introductory courses to 

geophysical prospecting and to the physics of the earth 

have not changed much since 1958. The number treating 

gravity and/or magnetics has decreased more than 6% 

since 1958. Volcanology is down slightly from 1958 and 

courses treating electricity are down even more. There do 

not appear to be significant changes in the last 18 years 

or so. 

The number of schools which require foreign 

languages for a degree in geology has dropped since 1961, 

when 69% of the schools responding required a foreign 

language for undergraduates. Thirty-four per cent of the 

schools required one or more courses in technical writing 

in 1961 (Prouty, 1961). This percentage has also decreased 

since that date. 
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Almost half (42) of the departments offering degrees 

in geophysics are called geology or geoscience(s) depart

ments. There appears to be a trend to the title Geology 

and Geophysics departments rather than to Geophysics 

departments. 

Geophysicists believe that coal and off-shore 

petroleum will be supplying much of our energy by 1986. By 

the year 2000 they believe coal and fission will be 

supplying the bulk of our energy, and by the year 2025 

nuclear and solar energy will be supplying most of the 

energy consumed. 

The majority of the respondents believe it is 

possible with conservation for the U.S. to be self-

sufficient in energy by 2000. Seventy-six per cent of the 

respondents believe there should be a government program to 

educate the public on finite and nonrenewable resources. 
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supplies of crude oil and natural gas, and the urgent need 

to develop alternative energy sources. 

Several brief studies of the geophysics curricula 

have been made. Other studies of geology curricula contain 

pertinent data, but many were made decades ago. A review of 

these studies showed several unresolved questions for which 

adequate data were not available prior to this study. Some 

of these unresolved questions were: (1) What are the needs 

of geophysical exploration versus those of the other 

branches of geophysics, (2) What percentage of the "explora

tion curriculum"should be devoted to fundamental principles 

versus instruction in the use of specific instruments, (3) 

When should specialization begin, and (4) What should be the 

optimum academic training period of geophysicists? 

Methodology and Procedures 

A questionnaire was developed and sent to 291 North 

American leaders in geophysics in higher education, govern

ment, and industry. It inquired about future demands for 

geophysicists; problems related to the mineral shortage; and 

the proportion of curriculum which should be devoted to the 

following areas of study: geophysics, geology, physics, 

mathematics, other technical subjects, non-technical re

quirements, electives, and instruction in the use of 

specific instruments and field techniques. Data were 

analyzed by respondent function into geophysical education, 
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geophysical exploration, geophysical science, and into a 

fourth category which includes those persons who work in two 

of the above categories. Data obtained from 89 catalogs of 

schools in Canada, Mexico, and the United States offering 

degrees in geophysics were compared with data from 182 

returned questionnaires; similarities and differences were 

noted. 

Description and Analysis 
of the Data 

Numerical data, usually presented in the form of 

tables, obtained from the catalog and questionnaire analysis 

and their comparison are given in the body of the text. A 

brief review of the findings is included as a part of the 

conclusions. 

The catalog data include an analysis of departments 

offering degrees in geophysics and a description of geo

physics courses and semester hours offered. Actual degree 

requirements are also discussed here. 

The analysis of the questionnaire data generally 

follows the questionnaire outline and includes general in

formation concerning the background of the respondents, 

general questions on the per cent of the curriculum which 

should be devoted to various subjects, the importance of 

various subjects, questions related to energy, and comments. 
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Conclusions 

General Conclusions 

From a historical perspective, the human species 

appears to be in a period of rapid transition from one 

steady state, where production rates were constant, and 

which lasted from the beginning of man's sojourn on earth to 

about 1900 A.D., to another steady state. The nature of the 

future steady state and the time at which we enter it are, 

of course, unknown, but they will be affected by present 

planning and decision making. 

Fourteen years after Hubbert predicted that oil and 

gas production in the United States would peak at about 

1970, we still do not have a well-articulated energy policy. 

There are many factors which hamper responsible decision 

making and planning. The general public is in the middle of 

a revolution of rising expectations, and these expectations 

are supported by economists who project an exponential 

growth rate that will continue forever. Beliefs that gas 

shortages are caused solely by oil company conspiracies, 

fears of nuclear energy, and the unwillingness to forsake 

the private automobile in favor of mass transportation all 

influence planning and increase demands upon the hydrocarbon-

based industry. Government leaders tend to be more in

fluenced by election results than by scientific studies and 

long-range prognoses, and business leaders more influenced 

by short-term profits and losses. The Energy Research and 
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Development Administration, the federal agency responsible 

for planning, is composed in large part of former Atomic 

Energy Commission personnel, with insignificant input from 

earth scientists. 

With or without planning, and regardless of atti

tudes, beliefs, and values, it is certain that growth based 

upon finite, nonrenewable resources cannot continue in

finitely. Because of high capital needs for new plants, 

lack of conservation and planning, a poorly informed public, 

and pressures of special interest groups, it appears likely 

that production rates and living standards will increase to 

a peak, probably within the next 100 years, and then de

crease . 

Future growth and the point of stabilization will 

depend on energy supplies, and it seems that long-term 

stability will require a semi-infinite resource base. 

Different types of ore deposits will be utilized, and 

processed ores will become leaner and leaner, perhaps to 

the point of extracting some scarce minerals from common 

rocks. The extraction of minerals will become increasingly 

expensive. Future societies will be unable to depend on 

hydrocarbons as energy sources but will increasingly rely 

on nuclear, direct and indirect solar, geothermal, and 

tidal power. 

Problems created by the consumption of natural 

resources require the efforts of specialists from many 
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disciplines and persons with interdisciplinary knowledge for 

solutions. Attitudes and emotions, political and economic 

contingencies, as well as scientific data must be con

sidered . 

Present and anticipated needs call for a breaking 

down of barriers between academic disciplines, the education 

of students who are imaginative and flexible, reconsidera

tion of traditional criteria for selection and retention of 

students, and curricula which encourage life-long education 

and the removal of space-time restrictions. Students need 

to be broadly trained so that they can adjust to changing 

conditions and enter non-traditional areas. 

Atomic and nuclear physics, uranium exploration, and 

remote sensing will be more important in 1986 than at 

present; seismics is the most important geophysics subject 

now and will continue to be so at least until 1986. However, 

sometime after 1986 energy needs will be supplied less and 

less by crude oil and natural gas. One can question if 

seismics will be as important after 1986 as now. Graduates 

in the 1980's may still be employed in the work force in the 

2020's and it is possible that other exploration techniques, 

some of them yet to be devised, may be dominant well before 

that time. 

Geophysical techniques will be used to measure the 

magnetic, electrical, gravitational, acoustical, and elastic 

properties of the seafloor. They will be even more 



181 

important there than on land, partly because geophysical 

measurements made at sea are cheaper and more effective than 

on land and partly because direct observations offshore are 

difficult to make. 

It is likely that geophysicists will be employed for 

many decades in exploration for deeper, lower-grade and less 

obvious mineral accumulations. They could be employed in 

research on solar energy, energy storage, and the environ

mental effects of technology. They will be useful in land-

use planning, so that potential mining sites are not with

drawn from use for other purposes, and in locating hazard 

zones, such as those caused by land subsidence, earthquakes, 

and landslides. They can be used for earthquake prediction 

and abatement. They can locate sites for nuclear and solar 

power plants; wind, hydroelectric, and tidal energy plants; 

plants that extract energy from the temperature differential 

in ocean water; and sites for the burial of radioactive 

wastes. 

Geophysicists need to be aggressive in making their 

views known and in influencing other disciplines. Inter

disciplinary programs with mining engineers to solve prob

lems such as retorting shales, use of presently uneconomic 

deposits, and increased recoveries of crude oil and coal are 

needed. Geochemical exploration techniques will become of 

more and more importance. Resources should be inventoried 

and managed. Mathematical models of grade-tonnage 
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relationships for various ore bodies should be devised and 

operations engineering concepts used to extract several 

minerals from the same deposit. Research on zero growth or 

a suitable alternative is needed. Geophysicists can work in 

general to stabilize living standards as high as possible. 

Specific Conclusions 

According to questionnaire data, the percentage of 

the total undergraduate curriculum which should be devoted 

to basic subjects (geophysics, geology, physics, and mathe

matics) ranges from 48% to 54%, that devoted to other 

technical requirements (chemistry, engineering, computer 

programming, technical writing, etc.) is about 22%, to such 

subjects as social studies and English from 14 to 18%, and 

to electives exclusive of those in basic and technical sub

jects from 12 to 14%. Respondents recommend that geo

physics, geology, physics, and mathematics be given about 

equal weight in the undergraduate curriculum, or about 

12.5% each of the total. College requirements in geophysics 

at present are 10% lower than recommended. Respondents 

recommend about 18 semester hours in geophysics for a B.S. 

degree, but only 47% of the colleges offering geophysics 

degrees offer 18 or more hours in geophysics. Thus geo

physics courses are not available even for electives. Other 

technical courses required by colleges are at present almost 
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10% lower than recommended by respondents, and non-technical 

requirements are almost 5% too high. 

A thesis is required by a large majority of the 

colleges for an M.S. but it was ranked low in importance by 

many questionnaire respondents. Foreign languages rank the 

lowest of all items in importance but they are required by 

50% of the colleges. 

Questionnaire respondents believe that approximately 

136 semester hours should be required for a B.S. and 41 

hours for an M.S. The average number of hours required by 

colleges are 125 and 31. 

A majority of explorationists believe that there 

should be a differentiation of geophysical science and 

exploration at the undergraduate level and that students 

planning careers in exploration should have a greater per

centage of their undergraduate and graduate curricula in 

exploration courses than do other respondents. 

Recommendations 

Recommendations are divided into two groups. The 

first are recommendations which have a clear base in the 

findings of the study. The second group are distinct im

pressions of the investigator even though they cannot be 

completely validated by the study. 

It is recommended that those who advise students 

and prepare or modify curricula: 
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1. Emphasize increasingly the following in the curricu

lum: atomic and nuclear physics, uranium explora

tion, remote sensing, computer programming, explora

tion for metals, and ocean exploration; research on 

geothermal and solar energy, means of using new 

minerals, and the environmental effects of tech

nology; the location of hazard (earthquake, subsi

dence, landslide) zones; and sites for locating 

power plants. 

2. Examine thesis and foreign language requirements and 

perhaps eliminate them. Theses are not highly re

garded by some respondents. However, short reports 

could serve as a substitute for a technical writing 

requirement. Require more courses in business and 

economics, especially for students wishing to go 

into industry. 

3. Reorganize the undergraduate curriculum as follows: 

basic subjects (geology, geophysics, mathematics, 

and physics) should range from 48% to 54% of the 

total, other technical requirements 22% to 23%, non

technical requirements about 14% to 18%, and 

electives exclusive of those in basic and technical 

areas about 12% to 14%. 

4. Require basic subjects on an approximately equal 

basis; that is, about 17 semester hours for each. 

Departments which at present do not offer 17 
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semester hours of geophysics for an undergraduate 

geophysics major are encouraged to do so. Intro

ductory survey courses and those treating seismics, 

magnetics, and gravity should be offered. Many 

geology courses are irrelevant and offer too much 

detail. Specialized geology courses should be left 

to graduate school; less geology, not more than 18 

semester hours for a B.S., should be required in 

many schools. 

Lower non-technical requirements slightly and raise 

technical requirements except for students in broad 

programs. 

Increase the number of semester hours required for 

a B.S. to 136 and for the M.S. to 40 semester hours. 

Balance the curriculum with practicality; recruit 

geophysicists with experience in industry for 

college teaching positions. 

Differentiate programs to some degree at the under

graduate level for students planning careers in 

exploration. The percentage of the undergraduate 

geophysics curriculum devoted to exploration should 

be about 4 5%, and about 60% of the graduate curricu

lum should be devoted to exploration for students 

wishing to pursue this line. 
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9. Divide the exploration geophysics curriculum into 

70% on fundamentals and 30% on specific instruments 

and field techniques. 

10. Standardize course content and course titles, 

especially for the basic courses. 

11. Encourage good students to obtain the M.S. degree to 

enhance their employment opportunities. 

After reviewing the literature and after eighteen 

months immersed in the study some additional recommendations 

seem to be quite important to the investigator at the 

present time although replies from the three groups of 

respondents do not completely validate them. They are: 

1. Require all undergraduate students to take an intro

ductory survey course on energy facts and conserva

tion. Topics covered should include the facts, 

devoid of bias and distortion, of radioactivity, 

Hubbert1s (1973) concepts and projections, breeder 

reactors, recycling, necessary changes in life 

styles, population control, the need for zero growth 

or a suitable alternative, and the fact that hydro

carbons should be used not for fuels but for petro

chemicals and synthetic polymers. This course 

should also be offered in continuing education and 

scheduled so that presently employed teachers can 

take it. 
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Schedule courses for geophysicists who work during 

the day. Night and weekend courses, including the 

survey course mentioned above, should be offered for 

those wishing them and in locations removed from the 

campus if needed. Lifelong continuing education is 

needed. Programs "without walls" and external 

degrees should be considered. 

Teach applications in basic courses (mathematics, 

physics, geophysics, and geology) to make the 

material interesting and to provide motivation. 

Design composite courses to eliminate overlap and to 

save student time. 

Make three graduate curricula available: 

a. a master's degree for exploration; 

b. a geophysical science curriculum emphasizing 

math, physics, and geology with some chemistry 

and electrical engineering; and 

c. a third curriculum which should have consider

able flexibility for persons who will have 

combination functions, for those who wish to 

teach, for entering non-traditional areas such 

as leadership roles in public policy research 

and the political process, conservation, re

source management, mineral inventories, and 

planning. A Ph.D. degree program which is not 

over-specialized should be available in this 
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curriculum. Many years ago chemistry disserta

tions composed of several non-related topics 

were accepted. This procedure would avoid some 

of the problems of over-specialization. Inter

departmental arrangements should be made for 

some of these students and interdepartmental co

operation encouraged. For example, economists 

could work with earth scientists on energy 

problems. 

6. Integrate technological developments into geophysics 

curricula as soon as possible. In the next few 

decades, changes will occur more rapidly than in the 

past. It should be kept in mind that the graduates 

of the next few years may still be employed in 2020. 

7. Re-evaluate the projected importance of seismics in 

the next decade. As off-shore exploration continues 

it will still be needed but for how long is unknown. 

8. Establish fellowship programs in energy and conser

vation. 

9. Increase by a factor of 2 or more,  federal funding 

for energy research. 

Concluding Statement 

As far as is known, this is the most recent compre

hensive study of the geophysics curriculum. A number of 

recommendations have been made, some from the data, others 
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from impressions and from the literature. It is believed 

that if these recommendations are followed geophysicists 

will be able to deal with present and future problems and 

the well-being of the people of North America will be 

enhanced. 



APPENDIX A 

PREVIOUSLY PUBLISHED DATA ON GEOPHYSICS CURRICULA 

Degree requirements of five schools in 1940-1943 are 

listed in Table A.l, along with the recommendations made by 

the 1943 AIME Committee. 

Data on geophysics courses offered in 1948, 1949-50, 

and 1950-51 in the United States and Canada were secured by 

the Committee on Geophysical Education of the Society of 

Exploration Geophysicists (Macelwane, 1950a, 1950b, 1951). 

Data on geophysics courses offered in 1957-58 were secured 

by the Committee on Education (1958) through a questionnaire 

returned by 68 (65%) of the colleges and universities 

offering courses in geophysics. The data obtained in these 

studies are presented in Tables A.2 through A.5. The 

published papers do not present how questions were asked. 

These lists probably do not include all courses offered. 
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Table A.l. Degree Requirements of 1940 Vintage 

Colorado 
School 
of Mines 
(1940) 

M.I.T. 
(1940) 

Penn 
State 
College 
(1943) 

St. Louis 
University 
(1940) 

University 
of 

Pittsburgh 
(1943) 

A.I.M.E. 
Committee 
(1943) 

Chemistry 
Introduction X 
Qualitative 
Quantitative 
Physical X 

Engineering 
Machinery X 
Drawing 
Design X 
Descriptive 
Geometry 
Strength Materials X 
Electrical 
Contracts X 
Surveying X 
Industrial 
Mechanics 
Shop Work 

English 
Composition X 
Literature 
Tech. Writing 

X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 

X 
X 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 



Table A.l.—Continued Degree Requirements of 1940 Vintage 

Colorado 
School 
of Mines 
(1940) 

M.I.T. 
(1940) 

Penn 
State 
College 
(1943) 

St. Louis 
University 
(1940) 

University 
of 

Pittsburgh 
(1943) 

A.I.M.E. 
Committee 
(1943) 

Geology 
Physical 
Historical 
Mineralogy 
Petrology 
Structural 
Stratigraphy 
Economic 
Maps 
Field 
Paleontology 
Engineering 
Metamorphic 
Sedimentation 
Mineral Resources 
Mineral Deposits 
U.S. Physiography 
Oil and Gas 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 
X 
X 

X 
X 
X 

X 

X 
X 
X 
X 

X 

X 
X 

X 

Geophysics 
Introduction 
Intermediate 
Magnetics 
Meteorology 
Electrical 
Seismology 
Gravity 
Seminar 

X 

X 
X 

X 

X X X 

X 

X 
X 
X 

X 

X 

X 

X 
X 



Table A.l.—Continued Degree Requirements of 1940 Vintage 

Colorado 
School 
of Mines 
(1940) 

M.I.T. 
(1940) 

Penn 
State 
College 
(1943) 

St. Louis 
University 
(1940) 

University 
of 

Pittsburgh 
(1943) 

A.I.M.E. 
Committee 
(1943) 

Applications 
Camp 
Thesis 

Math 

X 

Potential Functions X 
Algebra X 
Trigonometry X 
Analytical Geometry X 
Calculus X 
Differential Equations X 
Advanced Calculus 
Vectors X 
Partial D.E. X 
Curve Fitting 

Physics 
General X 
Electrical Magnetism 
Radio X 
Theoretical 
Thermodynamics X 
Elec. Measurements X 
Mechanics X 
Measurements 
Electronics 
Light 
Heat 

X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X 

X 
X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 

X 
X 

X 

X 



Table A.l.—Continued Degree Requirements of 1940 Vintage 

Sources: Bradford (1945). 
Landsberg (1945). 
Heiland and Wantland (1940). 
Wantland (1940). 
Macelwane (1940b, 1945). 
Stichter (1940). 
Geophysics Education Committee (1945) 
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Table A.2. Numbers of Geophysics Courses Offered in the 
United States and Canada in 194 8 — E = 
Elementary, A = Advanced, G = Graduate 

E A G Total 

Petroleum Exploration 21 33 18 72 

Mining Exploration 12 25 10 47 

Applied Geophysics 2 2 0 4 

Seismology 10 16 18 44 

Geomagnetics 8 10 5 23 

Geoelectricity 5 5 5 15 

Geodesy (Gravity) 3 9 7 19 

Volcanology _3 2 3 8 

Total 64 102 66 232 

Source: Macelwane (1950a). 
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Table A.3. Numbers of Geophysics Courses Offered in the 
United States and Canada in 1949-50 — E = 
Elementary, A = Advanced, G = Graduate. 

E A G Total 

Exploration 

General 24--1/2 6 1 31-•1/2 

Theory 2 9 5--1/2 16-•1/2 

Seismics 6 11 6--1/2 23-1/2 

Gravity 4 7 5--1/2 16-•1/2 

Magnetics 4 6 3--1/2 13-1/2 

Electrical 6 7--1/2 3 16-1/2 

Radioactive 0 0 1 1 

Other 0 8 2 10 

General Geophysics 15 14--1/2 13 42-1/2 

Earthquake Seismology 3 8--1/2 12 23-1/2 

Other 3 0 0 3 

Total 67-•1/2 77--1/2 53 198 

Source: Macelwane (1950b). 



197 

Table A.4. Numbers of Geophysics Courses Offered in the 
United States and Canada in 1950-1951 — E = 
Elementary, A = Advanced, G = Graduate. 

E AG Total 

Applied Geophysics or 
Geophysical Engineering 

General 27--1/2 13 10 50-•1/2 

Theory 9 23 12 44 

Methods of Exploration 15--1/2 26 12 53-•1/2 

Instruments 1 10 4 15 

Other 5 9 9 23 

Geophysical Sciences 

General 6 8 3 17 

Geodesy (Gravity) 2 2 4 8 

Geoelectricity 2 3 4 9 

Geomagnetism 2 2 3 7 

Seismology 9 15 21 45 

Volcanology 4 4 8 16 

Other 0 0 1 

Total 83 115 91 289 

Source: Macelwane (1951). 
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Table A.5. Numbers of Geophysics Courses Offered in the 
United States and Canada in 1957-1958 — E = 
Elementary, A = Advanced, G = Graduate, C = 
Combination of E, A, and G. 

E A G C Total 

Geophysical Science 18 6 5 4 33 

Geophysical Exploration 19 9 3 9 40 

Seismic Exploration 5 14 4 4 27 

Earthquake Seismology 3 5 10 5 23 

Magnetic Exploration 3 12 3 4 22 

Gravity Exploration 3 8 5 5 21 

Electrical and Electro-
Magnetic Exploration 1 10 5 5 21 

Electronics and 
Instrumentation 4 3 4 2 13 

Geomagnetism 2 6 1 9 

Radioactivity and 
Nuclear Exploration 3 3 2 8 

Geodesy 3 2 1 6 

Volcanology 1 3 2 6 

Geoelectricity and 
Ionosphere 5 5 

Other Methods of 
Exploration 3 1 1 5 

Total 57 81 58 43 239 
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APPENDIX B 

INFORMATION ON COLLEGES AND UNIVERSITIES 
OFFERING DEGREES IN GEOPHYSICS 

Canada (12); 

Dalhousie University, BMD (no catalog). 

McGill University, Montreal, Quebec H3C 3G1, BMD, 
approximately 17,000, other, Geological Sciences and 
Mining and Metallurgical Engineering, Faculty of Arts, 
Faculty of Science, and Faculty of Graduate Studies and 
Research, 1974-75, 13 courses, 26 sem. hrs. 

Memorial University of Newfoundland, St. John's, 
Newfoundland, MD, 9,93 5, other, Geology, Calendar 
1974-75, 1 course, 3 sem. hrs. 

Queens University at Kingston, Kingston, Ontario, 
BMD, other (approximately a quarter system), 
Geological Sciences, Faculty of Arts and Science, and 
School of Graduate Studies and Research, 1974-75, 8 
courses, 16 sem. hrs. 

University of British Columbia, Vancouver, British 
Columbia, BMD, 21,358, semester, Geophysics, Calendar 
1974-75, 18 courses, 44 sem. hrs. 

University of Calgary, Calgary, Alberta T2n 1N4, BD, 
other, Geology or Physics, Calendar 1975-76 and The 
Faculty of Graduate Studies 1974-75, 8 courses, 
approximately 19 sem. hrs. 

University of Manitoba, BMD (no catalog). 

University of New Brunswick, Fredericton, New 
Brunswick, MD, 7,162, other, Geology, Calendar 1974-75, 
5 courses, approximately 15 sem. hrs. 

University of Regina, Regina Saskatchewan S4S 0A2, B, 
semester, Geological Sciences, General Calendar and 
Graduate Studies and Research Calendar 1974-75, 3 
courses, 12 sem. hrs. 
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University of Saskatchewan, Saskatoon, Saskatchewan, BMD, 
other, Geological Sciences, Saskatoon Calendar 1974-7 5, 
16 courses, 42 sem. hrs. 

University of Toronto, Toronto, Ontario M5S 1A3, BMD, 
other, Engineering Science, Faculty of Applied Science 
and Engineering 1974-75, 7 courses, 13 sem. hrs. 

University of Western Ontario, London, Ontario, BMD, 
other, Geophysics, Academic Calendar 1973-74, 31 courses, 
43 sem. hrs. 

Mexico (1): 

Universidad Nacional Autonoma de Mexico, Mexico 20, 
D.F., M, 170,463 (1972), semester, Division of 
Superior Studies, Facultad de Ciencias Organizacion 
Academica 1974, 14 courses. The University offers a 
number of courses with variable credit. 

United States: 

Alaska (1) 
University of Alaska, Fairbanks 99701, MD, 3,997, 
semester, Geology or Physics, Catalog 1975-76, 4 courses, 
13 sem; hrs. The Geophysical Institute deals with high 
latitude phenomena. It has established programs in 
geomagnetism and seismology. 

Arizona (2) 
Northern Arizona University, Flagstaff 86001, B, 8,915, 
semester, Geology, General Catalog 1973-75, 2 courses, 
6 sem. hrs. 

University of Arizona, Tucson 85721, BMD, 27,552, 
semester, Geosciences, Biennial Catalog and Graduate 
Catalog 1973-75, 7 courses, 21 sem. hrs. Magnetics, 
gravity and induced polarization are of special 
interest. 

California (8) 
California Institute of Technology, Pasadena 91109, 
BMD, 1,499, quarter, Geological and Planetary Sciences, 
Information for Students 1974-75, 16 courses, 79 sem. 
hrs. 
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Occidental College, Los Angeles 90041, B, 1,826, 
quarter, Geology and Physics (interdepartmental), 
Bulletin 1974-75, 1 course, 3 sem. hrs. 

San Jose State University, San Jose 95192, B, 31,951, 
semester, Geology, General Catalog 1974-76, 2 courses, 
6 sem. hrs. 

Stanford University, Stanford 94305, BMD, 12,403, 
quarter, Geophysics, Courses and Degrees 197 4-7 5, 20 
courses (not counting seminars), 39 sem. hrs. 

University of California, Berkeley 94720, BMD, 28,483, 
quarter, Geology and Geophysics, General Catalogue 
1974-75, 13 courses, 34 sem. hrs. 

University of California, Riverside 92502, BMD, 5,481, 
quarter, Earth Sciences, General Catalog 1974-75 and 
Announcement of the Graduate Division 1972-7 3, 9 courses, 
25 sem. hrs. 

University of the Pacific, Stockton 95204, B, 5,511, 
4-1-4, Physics, Geology, and Geography (interdepart
mental), Bulletin 1973-74. 

University of Southern California, Los Angeles 90007, 
MD, 19,896, semester, Geological Sciences, College of 
Letters, Arts, and Sciences and The Graduate School 
1974-75, 8 courses, 26 sem. hrs. The geological 
sciences department offers an interdisciplinary 
program for students interested in geophysics. 

Colorado (1) 
Colorado School of Mines, Golden 80401, BMD, 1,688, 
semester, Geophysics, Bulletin 1975-76, 24 courses, 
75 sem. hrs. 

Connecticut (4) 
University of Connecticut, Storrs 06268, MD, 17,345, 
semester, Geology and Geography, General Catalog and 
The Graduate School 1974-75, 8 courses, 24 sem. hrs. 

Wesleyan University, Middletown 06457, M, 1,834, 
semester, Earth and Planetary Sciences, Announcement 
of Courses and Academic Regulations 1974-75, 1 course 
734- courses required for graduation, semester hours 
are not given in the catalog for individual courses). 
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Western Connecticut State College, Danbury 06810, B, 
4,52 9, semester, Earth, Space and Environmental 
Sciences, Undergraduate Catalog 1973. The department 
offers a Broadfield Earth, Space and Environmental 
Sciences-Physics Chemistry program. 

Yale University, New Haven 06520, BMD, 8,949, semester, 
Geology and Geophysics, Yale College Programs of Study 
and Graduate School 1974-75, 3 courses, 9 sem. hrs. 
The department offers courses in meteorology and 
oceanography. 

Florida CD 
University of Miami, Coral Gables 33124, MD, 14,381, 
semester, Marine Geology and Geophysics, Undergraduate 
Studies and Graduate School 1975-76, 3 courses, 12 sem. 
hrs. Marine aspects of geophysics are emphasized. 

Georgia (1) 
Georgia Institute of Technology, Atlanta 303 32, MD, 
3,048 (main campus), quarter, School of Geophysical 
Science, General Catalog 1973-74, 9 courses, 25 sem. 
hrs. The School of Geophysical Sciences includes 
programs in oceanography, geochemistry, space science, 
and the environment. 

Hawaii (1) 
University of Hawaii at Manoa, Honolulu 96822, BMD, 
22,320, semester, Geology and Geophysics, General and 
Graduate Catalog 1974-75, 20 courses, 66 sem. hrs, 

Illinois (3) 
Northwestern University, Evanston 60201, MD, 14,418, 
quarter, Geological Sciences, Undergraduate Study 
1970-71, 5 courses, 13 sem. hrs. 

University of Chicago, Chicago 60637, MD, 7,731, 
quarter, Geophysical Sciences, Graduate Programs in the 
Divisions 1973-75, 3 courses, 10 sem. hrs. The unit of 
instruction is a course which is equivalent to 3-1/3 
sem. hrs. The Department offers an integrated approach 
to geophysics which includes oceanography and 
atmospheric science. 

University of Illinois, Urbana 61801, MD, 35,307, 
semester, Geology, Courses Catalog and Graduate 
Programs 1974-76, 2 courses, 7 sem. hrs. 
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Indiana (2) 
Purdue University, West Lafayette 47907, BMD, 26,461, 
semester, Geosciences, The School of Science 1973-74 
and The Graduate School 1974-7 6, 7 courses, 21 sem. 
hrs. (graduate courses). The graduate curriculum 
concentrates on exploration. 

Indiana University, Bloomington 47401, MD, 31,280, 
semester, Geology, Graduate School 1974-75, 6 courses, 
19 sem. hrs. 

Iowa (1) 
University of Iowa, Iowa City 52242, BM, 20,709, 
semester, Geology and Physics (joint program), General 
Catalog 1974-76, 2 courses, 6 sem. hrs. 

Kansas (2) 
Kansas State University, Manhattan 66502, B, 15,158, 
semester, Geology, General Catalog 1974-75, 2 courses, 
6 sem. hrs. 

University of Kansas, Lawrence 66045, BMD, 21,359, 
semester, Geology, Liberal Arts and Sciences 1975-76, 
4 courses, 12 sem. hrs. 

Louisiana (4) 
Louisiana Tech University, Ruston 71270, B, 7,724, 
quarter, Geosciences, Bulletin 1974-75, 1 course, 3 
sem. hrs. The department specializes in the training 
of geologists and geophysical engineers. 

Northeast Louisiana State University, Monroe 71201, 
B, 8,861, semester, Geology, Bulletin 1975-76. 

Northwestern State University, Natchitoches 71457, BM, 
6,384, semester, Geology, Graduate School Bulletin 
1974-75, 3 courses, 11 sem. hrs. 

University of New Orleans, New Orleans 70122, B, 12,448, 
semester, Earth Sciences, General Catalog and Graduate 
Catalog 1975-76, 2 courses 6 sem. hrs. 

Maryland (1) 
Johns Hopkins University, Baltimore 21218, MD, 9,321, 
semester, Earth and Planetary Sciences, Graduate and 
Undergraduate Programs 1974-75, 1 course, 3 sem. hrs. 
Programs emphasize basic principles and concepts as 
opposed to applied. The Department is strong in 
geophysical fluid dynamics. 
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Massachusetts (4) 
Boston College, Chestnut Hill 02167, BM, 11,787, 
semester, Geology and Geophysics, Undergraduate 
Admissions Information 1975-76 and General Catalog 
1974-75, 10 courses, 30 sem, hrs. A program is also 
available in fluid-earth geophysics. 

Massachusetts Institute of Technology, Cambridge 02139, 
BMD, 7,834, 4-1-4, Earth and Planetary Sciences, 
General Catalogue and Earth and Planetary Sciences 
Current Research 1974-75, 12 courses. The program of 
education and research concentrates on current aspects 
of rock mechanics, regional geology and geophysics, 
seismology, planetary magnetism and electricity, heat 
flow, high pressure geophysics, and marine geophysics. 

Harvard University, Cambridge 02138, BMD, 19,322, 
semester, Geological Sciences, Faculty of Arts and 
Sciences Courses of Instruction 1974-75, 5 courses, 
T5~ sem. hrs. 

University of Massachusetts, Amherst 01002, MD, 23,710, 
semester, Geology, Graduate School Bulletin 1974-75, 
3 courses, 9 sem. hrs. 

Michigan (3) 
Michigan State University, East Lansing 48823, BMD, 
44,616, quarter, Geology, Descriptions of Courses 1975 
and Academic Programs 1974-75, 9 courses, 21 sem. hrs. 

Michigan Technological University, Houghton 4 9931, BM, 
5,018, quarter, Physics, Applies Physics, Applied 
Geophysics, Catalog 1974-75, 14 courses, 31 sem. hrs. 
The program is strong in geophysical prospecting 
methods. 

University of Michigan, Ann Arbor 48104, BMD, 36,646, 
trimester, Geology and Mineralogy, College of 
Literature, Science, and the Arts 1974-75 and Graduate 
Studies 1974-76, 6 courses, 18 sem. hrs. 

Minnesota (1) 
University of Minnesota, Minneapolis 55455, BMD, 
55,858, quarter, Geology and Geophysics, General 
Information 1974-75, Institute of Technology 1973-75, 
College of Liberal Arts 1974-76, and Graduate School 
1974-76, 8 courses, 17 "sem. hrs. Emphases in 
geophysics are in exploration geophysics, geo-
tectonics, paleomagnetism and rock magnetism, 
theoretical geophysics, and seismology. 



205 

Missouri (3) 
Saint Louis University, St. Louis 63103, BMD, 8,817 
(main campus), semester, Earth and Atmospheric 
Sciences, The College of Arts and Sciences and 
Announcement of the Graduate School 197 4-7 5, 25 courses, 
62 sem. hrs. 

University of Missouri, Rolla 65401, BMD, 5,219, 
semester, Geology and Geophysics, General Catalog 
1975-77 and Graduate Catalog 1973-75, 10 courses, 
30 sem. hrs. 

Washington University, St. Louis 63130, B, 11,373, 
semester, Physics, School of Engineering and Applied 
Science Sever Institute of Technology 1974-75. 

Montana (2) 
Montana College of Mineral Science and Technology, 
Butte 59701, BM, 792, semester, Physics and Geophysics, 
Catalog 1973-76, 6 courses, 18 sem. hrs. The Department 
of Physics and Geophysics offers a degree in Geo
physical Engineering. 

Montana State University, Bozeman 59715, B, 7,898, 
quarter, Earth Sciences, Undergraduate Catalog, and 
College of Graduate Studies 1974-76. The program 
emphasizes mathematics, physics, and the earth 
sciences. 

Nevada (1) 
University of Nevada, Reno 89507, BMD, 7,140, semester, 
Geology-Geography, General Catalog 1974-75, 7 courses, 
21 sem. hrs. Graduate work has centered on seismology 
and gravity. 

New Hampshire (1) 
Dartmouth College, Hanover 03755, BMD, 3,995, other, 
Earth Sciences, Officers, Regulations, and Courses 
1974-75, 3 courses, 9 sem. hrs. 

New Jersey (1) 
Princeton University, Princeton 08540, BD, 5,522, 
semester, Geological and Geophysical Sciences, The 
Undergraduate Announcement and The Graduate School 
Announcement 1974-75, 11 courses, 36 sem. hrs. 
Grades are not given in graduate courses and course 
work is not required for graduate degrees. 
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New Mexico (1) 
New Mexico Institute of Mining and Technology, 
Socorro 87801, BMD, 894, semester, Geoscience, 
Catalog, Courses of Instruction 1974-75, 12 courses, 
35 sem. hrs. 

New York (6) 
City University of New York, New York 10031, BM, 20,654, 
(The City College), semester, interdisciplinary between 
Earth and Planetary Sciences and Physics Departments, 
Undergraduate and Graduate Bulletin of the College of 
liberal Arts and Science and Bulletin of the Graduate 
School 1974-75, 2 courses, 7 sem. hrs. 

Columbia University, New York 10027, MD, 15,272, 
semester, Geology, Graduate School of Arts and Sciences 
1974-75, 9 courses, 33 sem. hrs. The Department has a 
geophysical science orientation. Seismology research 
is broad in extent. Marine observations on the 
earth's magnetic and gravity fields and seismic 
reflection profiles are extensive. 

Cornell University, Ithaca 14850, BMD, 9,924, semester, 
Geological Sciences, College of Arts and Sciences 
1974-7 5 and Graduate School Course Descriptions 197 4-
76, 8 courses, 25 sem. hrs. 

Rensselaer Polytechnic Institute, Troy 12181, MD, 
4,660, 4-1-4, Geology, Undergraduate Programs and 
Graduate and Professional Programs1974-75, 3 courses, 
9 sem. hrs. 

State University of New York, Stony Brook 11790, BMD, 
12,058, semester, Earth and Space Sciences, Under
graduate Bulletin and Graduate Bulletin 1974-75, 3 
courses, 9 sem. hrs. 

University of Rochester, Rochester 14627, MD, 8,418, 
semester, Geological Sciences, Undergraduate Programs 
1974-75, 2 undergraduate courses, 6 sem. hrs. 

Ohio (2) 
Bowling Green State University, Bowling Green 43403, 
B, 15,594, quarter, Geology, General Bulletin 1974-76, 
Course Descriptions 1974-75, 1 course, 2 sem. hrs. 

Case Western Reserve University, Cleveland 44106, BMD, 
9,068, 4-1-4, Geology, Undergraduate Programs 1970-71, 
5 courses, 15 sem, hrs. 
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Oklahoma (1) 
University of Oklahoma, Norman 73069, BM, 19,494, 
semester, School of Geology and Geophysics, College of 
Arts and Sciences Bulletin and Graduate College 
Bulletin 1974, 7 courses, 21 sem. hrs. 

Oregon (1) 
Oregon State University, Corvallis 97331, MD, 15,184, 
quarter, Oceanography, Catalog Issue and Graduate 
School 1974-75, 5 courses, 10 sem. hrs. Three courses 
in oceanography are required for a degree. 

Pennsylvania (3) 
Pennsylvania State University, University Park 16802, 
MD, 37,778, other, Geophysics, Graduate Degree Programs 
1974-75. 13 courses, 38 sem. hrs. 

University of Pennsylvania, Philadelphia 19174, MD, 
19,614, semester, Geology, Graduate Studies 1974-75, 
2 courses, 6 sem. hrs. 

University of Pittsburgh, Pittsburgh 15260, MD, 26,969 
(main campus), trimester, Earth and Planetary Sciences, 
Graduate Programs Faculty of Arts and Sciences 19 73-7 5, 
14 courses, 40 sem. hrs. Current research areas are 
geomagnetism, paleo- and rock magnetism, theoretical 
geophysics and seismology. 

Rhode Island (1) 
Brown University, Providence 02912, MD, 6,292, semester, 
Geological Sciences, Catalogue of the College and 
Catalogue of Graduate School 1973-75, 11 courses, 44 
sem. hrs. Active research is being carried out in 
seismology, geothermal activity, and in upper mantle 
structure as deduced from geomagnetic and geoelectrical 
techniques, 

Texas (6) 
Midwestern University, Wichita Falls 76308, B, 4144, 
semester, Physics or Geological Sciences, Quarterly 
Bulletin 1974-75. 

Rice University, Houston 77001, MD, 3,312, semester, 
Geology, General Announcements 1974-75, 4 courses, 15 
sem. hrs. The program is oriented toward theoretical 
and fundamental aspects rather than applied. 
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Texas A&M University, College Station 77843, BMD, 
16,391 (at College Station), semester, Geophysics, 
Undergraduate Catalog 1975-76 and Graduate Catalog 
1973-75^ 17 courses, 53 sem. hrs. 

Texas Christian University, Fort Worth 76129, B, 6,595, 
semester, Geology, AddRan College of Arts and Sciences 
1975-77 and Graduate School 197 3-7 5, 2 courses, 6 sem. 
hrs. 

Texas Tech University, Lubbock 79409, BM, 21,494, 
semester, Geosciences, General Catalog 1974-7 5 and 
Graduate School Catalog 1975-76, 11 courses, 30 sem. 
hrs. 

University of Houston, Houston 77004, M, 26,473, 
semester, Geology, General Information, Graduate 
School, and College of Arts and Sciences 1974-75, 14 
courses, 42 sem. hrs. 

Utah (1) 
University of Utah, Salt Lake City 84112, BMD, 21,767, 
quarter, Geology/Geophysics, General Catalog 1974-75, 
16 courses, 39 sem. hrs. 

Virginia (2) 
Virginia Polytechnic Institute and State University, 
Blacksburg 24060, BMD, 14,471, quarter, Geological 
Sciences, Catalog and Graduate Catalog 1975-76, 9 
courses, 21 sem. hrs. Active research areas include 
regional seismicity, terrestrial heat flow, model 
seismology, and earth tides. 

Washington and Lee University, Lexington 24450, B, 
1,667, other (1 credit equals 1 sem, hr,), Geology, 
Catalogue Issue 1974-75, 3 courses, 3 sem. hrs. 

Washington (3) 
University of Puget Sound, Tacoma 98416, M, 4,166, 
4-1-4 (1 unit equals 3-1/3 sem. hrs.), interdepart
mental associated with the Physics Department, 
Graduate Studies 1974-75, 2 courses, 7 sem. hrs. 

University of Washington, Seattle 98195, MD, 34,125, 
quarter, Geophysics, General Catalog 1974-76, 21 courses, 
44 sem. hrs. 

Western Washington State College, Bellingham 98225, BM, 
10,144, quarter, Geology, General Catalog 1974-75, 5 
courses, 14 sem. hrs. 
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Wisconsin (2) 
University of Wisconsin, Madison 53706, BMD, 34,866, 
semester, Geology and Geophysics, College of Letters 
and Science 1974-76, and Graduate School Natural 
Sciences and Engineering 1973-75, 14 courses, 42 sem. 
hrs. 

University of Wisconsin, Milwaukee 53201, M, 23,293, 
semester, undergraduate degree in Physics or Math, 
M.S. in Geological Sciences, College of Letters and 
Science, and Graduate School 1974-75, 10 courses, T8 
sem. hrs. The Department offers three mini-courses 
for beginning students, Our Quaking Earth, Exploring 
Beneath the Earth's Surface, and Volcanoes in Action. 

Wyoming (1) 
University of Wyoming, Laramie 82071, BMD, 9,989, 
semester, Geology, Bulletin 1975-76, and Graduate 
School 1974-76, 8 courses, 24 sem. hrs. 



APPENDIX C 

COPY OF LETTER REQUESTING CATALOG 

Registrar: 

As a doctoral student at The University of Arizona 

I am engaged in research for a dissertation which will 

include an analysis of geophysics curricula at colleges and 

universities throughout the United States and Canada. A 

major purpose of the study is to develop model B.S., M.S., 

and Ph.D. geophysics curricula. 

In order to complete this study, it is essential 

that I obtain catalogs from all schools offering degrees in 

geophysics. Therefore, I will appreciate your having a 

current copy of your school's catalog (or catalogs) listing 

the geophysics program mailed to me at your earliest 

convenience. 

Thank you for your cooperation. 

Sincerely, 

Everett H. Cathey, Professor 
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APPENDIX D 

SECOND LETTER REQUESTING CATALOGS 

Dear Madam or Sir: 

Please send me a copy of your school's publication 

or publications which detail the curriculum for under

graduate and graduate degrees in geology. 

These publications are essential for the completion 

of my doctoral research, which includes an analysis of 

geology curricula in North American colleges and univer

sities. They will be placed in the Arizona College of 

Technology library when my research is completed. 

Thank you for your assistance. 

Sincerely, 

Everett H. Cathey 
Professor of Science 
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APPENDIX E 

COPY OF THE QUESTIONNAIRE 

Toward Optimum Solid-Earth Geophysics 
Educational Programs 

PART I. GENERAL INFORMATION 

Please check or complete the appropriate blank. 

Name (optional) Position 
Employer Per Cent of Time 
Petroleum Company 
Mining Company 
College or University 
Government 

Major function at present: 
Geophysical Number of geophysicists 

Exploration supervised 
Geophysical Number of geophysicists 

Science supervised 
Geophysical Number of students/year 

Education undergrad 
grad 

Highest degree held: Bachelor's Master's Ph.D. 

Years of full-time professional experience in geophysics: 

4 8 12 16 20 24 or more 

Are present college and university geophysics educational 
programs preparing geophysicists for future needs? 

Yes No 

Is university research adequate? Yes No 

Demand, to 1986, for geophysicists will be: 

B.S. Excellent Good Up and Down Fair Poor 
M.S. Excellent Good Up and Down Fair Poor 
Ph.D. Excellent Good Up and Down Fair Poor 

Demand, to 1986, for new or expanded geophysics programs 
will be: 
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Educational Programs Research Programs 
High Moderate Poor High Moderate Poor 

These results will be published. Would you like to receive 
a copy of the abstract? Yes No If the answer is yes 
please give your name above. 

PLEASE RETURN THIS QUESTIONNAIRE TO: 
Henry Cathey 
Arizona College of Technology 
Aravaipa Road, Box 9 7 
Winkelman, Arizona 85292 

PART II. GENERAL QUESTIONS 

1. The undergraduate geophysics curriculum can be divided 
into four categories: 

Basic subjects—geophysics, geology, physics, 
mathematics 

Other technical subjects—chemistry, engineering, 
computer programming, technical writing, etc. 

Nontechnical requirements—social studies, English, 
etc. 

Electives--areas other than basic and technical 
subj ects 

What percentage of the program should be devoted to 
each? (circle one figure for each; the sum of the 
circled figures should equal 100%) 

Basic subjects 0 10 20 30 40 50 60 70 80 90 100 

Other technical 0 10 20 30 40 50 60 70 80 90 100 

Nontechnical 
requirements 0 10 20 30 40 50 60 70 80 90 100 

Electives 0 10 20 30 40 50 60 70 80 90 100 

How should the undergraduate basic subj ects be distrib
uted? (circle one figure for each; the sum of the 
circled figures should equal 100%) 

Geophysics 0 10 20 30 40 50 60 70 80 90 100 

Geology 0 10 20 30 40 50 60 70 80 90 100 

Physics 0 10 20 30 40 50 60 70 80 90 100 

Mathematics 0 10 20 30 40 50 60 70 80 90 100 
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2. Should there be a differentiation of programs at the 
bachelor's degree level for students planning to go into 
exploration or into geophysical science? Yes No 

What percentage of the undergraduate geophysics curricu
lum should be devoted to courses in exploration geo
physics? (circle one figure) 

0 10 20 30 40 50 60 70 80 90 100 

3. For students planning careers in exploration, what per
centage of the graduate geophysics curriculum should be 
devoted to courses in exploration geophysics? (circle 
one figure) 

0 10 20 30 40 50 60 70 80 90 100 

4. How should that portion of the curriculum devoted to 
exploration geophysics be divided between instruction 
on fundamentals and instruction in use of specific 
instruments and field techniques? (circle one number for 
each; the sum of the circled numbers should equal 100%) 

Fundamentals 0 10 20 30 40 50 60 70 80 90 100 

Instruments & 
field tech
niques 0 10 20 30 40 50 60 70 80 90 100 

5. The geophysics program should require how many semester 
hours? 

Undergraduate: 120 130 140 150 160 

Master's: 30 45 60 

PART III. ACADEMIC REQUIREMENTS FOR 
GEOPHYSICISTS 

Instructions 
1. Please rate each item below by circling the appropriate 

letter in columns (1) and (2). For each A (vital) or B 
(useful) response in columns (1) and (2) circle the 
number of courses needed for each degree. 

2. In columns (1) and (2), A=vital; B=useful; C=little or 
no value. 

3. If you would like to add items, please do so. Blank 
spaces are provided. 

4. A course is approximately equal to 3-4 semester hours 
of university credit. 
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1. Basic Subjects 
Importance Importance Number of 

Now in 1986 Courses 
(1) (2) B.S. M.S. 

Geophysics 
Electrical A B C A B C 1 2 3 4 1 2 3 
Gravity A B C A B C 1 2 3 4 1 2 3 
Magnetics A B C A B C 1 2 3 4 1 2 3 
Radioactivity A B C A B C 1 2 3 4 1 2 3 
Seismics A B C A B C 1 2 3 4 1 2 3 
Remote Sensing A B C A B C 1 2 3 4 1 2 3 
Thesis A B C A B C 1 2 3 4 1 2 3 
Electives (geo

physics) A B C A B C 1 2 3 4 1 2 3 
Other 

A B C A B C 1 2 3 4 1 2 3 
A B C A B C 1 2 3 4 1 2 3 

Geology 
Field A B C A B C 1 2 3 4 1 2 3 
Historical A B C A B C 1 2 3 4 1 2 3 
Mineralogy and 

Petrology A B C A B C 1 2 3 4 1 2 3 
Stratigraphy A B C A B C 1 2 3 4 1 2 3 
Structural A B C A B C 1 2 3 4 1 2 3 
Electives (Geology) A B C A B C 1 2 3 4 1 2 3 
Other 

A B C A B C 1 2 3 4 1 2 3 
A B C A B C 1 2 3 4 1 2 3 

'hysics 
Atomic and Nuclear A B C A B C 1 2 3 4 1 2 3 
Electricity & 

Magnetism A B C A B C 1 2 3 4 1 2 3 
Mechanics A B C A B C 1 2 3 4 1 2 3 
Optics, Acoustics 

and Heat A B C A B C 1 2 3 4 1 2 3 
Electives (Physics) A B C A B C 1 2 3 4 1 2 3 
Other A 

A B C A B C 1 2 3 4 1 2 3 
A B C A B C 1 2 3 4 1 2 3 

Mathematics 
Calculus A B C A B C 1 2 3 4 1 2 3 
Differential 

Equations A B C A B C 1 2 3 4 1 2 3 
Statistics A B C A B C 1 2 3 4 1 2 3 
Fourier Transforms A B C A B C 1 2 3 4 1 2 3 
Laplace Transforms A B C A B C 1 2 3 4 1 2 3 
Vector and Tensor 

Analysis A B C A B C 1 2 3 4 1 2 3 
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1. Basic Subjects (continued) 
Importance Importance Number of 

Mathematics (cont.) 
NOW 
(1) 

in 1986 
(2) B .S 

Courses 
M .S 

Electives A B C A B c 1 2 3 4 1 2 3 
Other 

A B C A B c 1 2 3 4 1 2 3 
A B C A B C 1 2 3 4 1 2 3 

2. Other Technical Subj ects 

Chemistry A B C A B c 1 2 3 4 1 2 3 
Computer Programming A B C A B c 1 2 3 4 1 2 3 
Report Writing A B C A. B c 1 2 3 4 1 2 3 
Electives A B C A B c 1 2 3 4 1 2 3 
Other 

A B C A B c 1 2 3 4 1 2 3 
A B C A B c 1 2 3 4 1 2 3 

3. Nontechnical Requirements 

Business and 
Economics A B C A B c 1 2 3 4 1 2 3 

English A B C A B c 1 2 3 4 1 2 3 
Foreign Languages A B C A B c 1 2 3 4 1 2 3 
Humanities & 

Social Sciences A B C A B c 1 2 3 4 1 2 3 
Speech A B C A B c 1 2 3 4 1 2 3 
Electives A B C A B c 1 2 3 4 1 2 3 
Other 

A B C A B c 1 2 3 4 1 2 3 
A B c A B c 1 2 3 4 1 2 3 

PART IV. ENERGY QUESTIONS 

1. The energy sources (rank the top three 1, 2, 3 with 1 
the highest) which offer the most promise of solving 
alleviating the U.S. energy problem are: 

By By By 
1986 2000 2025 

Coal 
Geothermal 
Off-Shore Petroleum 
Oil Shale 
Nuclear Fission 
Nuclear Fusion 
Solar Energy 
Other (specify) 
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2. In your opinion is it possible for the U.S. to become 
self-sufficient in energy by: 

1986 2000 2025 other (specify) 

3. Would you favor a government program to educate the 
public on finite and nonrenewable resources: 

Yes No 

PART V. COMMENTS 

Comments on the following will be appreciated. Use the back 
of the page for additional space. 

1. How can solid-earth geophysics education best serve to 
alleviate or solve present and future energy and mineral 
shortages? 

2. What will be the trends in geophysics education for the 
next 10 years? 

3. What will be the research trends for the next 10 years? 

4. Other. 



APPENDIX F 

COMPANIES, COLLEGES AND UNIVERSITIES, AND GOVERNMENT 
AGENCIES REPRESENTED BY RESPONDENTS 

Industrial Employers of Persons to Whom 
Questionnaires were Sent 

Amarex 
American Petrofina Explor. Company 
Amoco Canada Petroleum Company 
Amoco International Oil Company 
Amoco Production Company 
Anadarko Production Company 
Apco Oil Corporation 
Apexco, Inc. 
Aquitaine Company of Canada Ltd. 
Arkansas Louisiana Gas Company 
Ashland Exploration Company 
Atlantic Richfield Company 
BP Canada Limited 
Perry R. Bass, Inc. 
Cabot Corporation 
Calverts Funds, Inc. 
Canadian Industrial Gas & Oil Ltd. 
Canadian Occidental Petroleum Ltd. 
Canadian Reserve Oil & Gas Ltd. 
Canadian Superior Oil Ltd. 
Champlin Petroleum Company * 
Chevron Oil Company 
Chevron Overseas Petroleum Inc. 
Chevron Standard Limited 
Cities Service International, Inc. 
Clark Oil Producing Company 
Clinton Oil Company 
Cockrell Corporation 
Diamond Shamrock Oil and Gas Company 
Dome Petroleum Ltd. 
El Paso Natural Gas Company 
Elf Oil Exploration & Production Canada Ltd. 
Esso Exploration Inc. 
Exxon Company, U. S. A. 
Francana Oil & Gas Ltd. 
General American Oil Company of Texas 
Gulf Global Exploration Company 
Hamilton Brothers Oil Company 
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Home Oil Company Ltd. 
Hunt International Petroleum Company 
Husky Oil Operations Ltd. 
Inexco Oil Company 
Invent Incorporated 
Kerr-McGee Corporation 
Kirby Petroleum Company 
Kock Exploration Company 
Mexa Petroleum Company 
Midwest Oil Corporation 
Mobil Oil Corporation 
Mobil Oil Canada Ltd. 
Monsanto Company 
Mountain Fuel Supply Company 
Murphy Oil Company Ltd. 
Occidental Petroleum Corporation 
Ocean Drilling & Exploration Company 
OXOCO 
Oil Development Company of Texas 
Panarctic Oils Ltd. 
Pancanadian Petroleum Ltd. 
Pennzoil Company 
Petrofina Canada Ltd. 
Petrol Oil & Gas Company Ltd. 
PEMEX 
Phillips Petroleum Company 
Placid Oil Company 
Quintana Petroleum Corporation 
Shell Canada Ltd. 
Shell Oil Company 
Standard Oil Company of California 
State Exploration Company 
Statex Petroleum, Inc. 
Tenneco Oil Company 
Texaco Exploration Canada Ltd. 
Texaco Inc. 
Texas Gas Exploration Corporation 
Texas Pacific Oil Company, Inc. 
Texasgulf, Inc. 
Trend Exploration Ltd. 
Triton Oil and Gas Corporation 
Union Oil Company of California 

Universities Employing Persons to Whom 
Questionnaires were Sent 

Canada: 
Memorial University of Newfoundland 
McGill University 
Queens University 



University of British Columbia 
University of Calgary 
University of New Brunswick 
University of Saskatchewan (Saskatoon) 
University of Toronto 
University of Western Ontario 

United States: 
Arizona 

Northern Arizona University 
University of Arizona 

California 
California Institute of Technology 
Stanford University 
University of California (Berkeley) 
University of Southern California 

Colorado 
Colorado School of Mines 

Connecticut 
University of Connecticut 
Yale University 

Florida 
University of Miami 

Georgia 
Georgia Institute of Technology 

Hawaii 
University of Hawaii (Manoa) 

Illinois 
University of Chicago 
University of Illinois (Urbana-Champaign) 
Northwestern University 

Indiana 
Indiana University 
Purdue University 

Kansas 
University of Kansas 

Maryland 
Johns Hopkins University 

Massachusetts 
Boston College 
Massachusetts Institute of Technology 
University of Massachusetts 

Michigan 
Michigan State University 
Michigan Technological University 
University of Michigan 

Minnesota 
University of Minnesota 

Missouri 
Saint Louis University 
University of Missouri (Rolla) 



Nevada 
University of Nevada (Reno) 

New Hampshire 
Dartmouth College 

New Jersey 
Princeton University 

New Mexico 
New Mexico Institute of Mining and Technology 

New York 
City University of New York 
Columbia University 
Cornell University 
Rensselaer Polytechnic Institute 
State University of New York (Stony Brook) 
University of Rochester 

Ohio 
Bowling Green State University 

Oklahoma 
University of Oklahoma 

Oregon 
Oregon State University 

Pennsylvania 
Pennsylvania State University 
University of Pennsylvania 
University of Pittsburgh 

Rhode Island 
Brown University 

Texas 
Rice University 
Texas A&M University 
University of Houston 

Utah 
University of Utah 

Virginia 
Virginia Polytechnic Institute and State University 
Washington and Lee University 

Washington 
University of Puget Sound 
University of Washington 

Wisconsin 
University of Wisconsin (Madison) 

Wyoming 
University of Wyoming 

Government Employers of Persons to Whom 
Questionnaires were Sent 

Canada; 
Canada Centre for Inland Waters—IFYGL Centre 
Canada Department of Energy, Mines, and Resources 
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Canada Centre for Remote Sensing 
Earth Physics Branch 

Division of Geomagnetism 
Geomagnetic Lab 
Seismology Division 

Earth Sciences Branch 
Gravity Division 

Geomagnetic Division 
Canada Department of Environment 

Inland Waters Branch 
Research Council of Alberta 

Department of Geology 

United States: 
Illinois State Geological Survey 
Kansas Geological Survey 
Los Alamos Science Lab 
National Academy of Science 
NASA 

Ames Research Center 
Earth Observation Program 
Goddard Space Flight Center 
Lunar Science 

National Science Foundation 
National Ocean Survey 
National Oceanic and Atmospheric Administration 

Atlantic Oceanographic and Meteorological Labs 
Environmental Research Labs 
Earthquake Mechanism Lab 
Fredericksburg Geomagnetic Observatory 

Sandia Labs 
Tennessee Valley Authority 
United States Air Force Cambridge Research Labs 
United States Army Cold Regions Research and Engineering Labs 
United States Bureau of Mines 
United States Bureau of Reclamation 
United States Department of Defense 
United States Defense Supply Agency 
United States Department of State—Arms Control and Dis
armament Agency 

United States Geological Survey 
Atlantic Environmental Geophysical Branch 
Branch of Regional Geophysics 
Hawaiian Volcano Observatory 
Isotope Geology Branch 
National Center for Earthquake Research 
Office of Earthquake Research and Crustal Studies 
Office of Marine Geology 
Regional Geophysics Branch 
Water Resources Division 



United States Navy 
Naval Arctic Research Lab 
Naval Oceanographic Office 
Naval Research Laboratory 
Office of Naval Research 



APPENDIX G 

COPY OF QUESTIONNAIRE COVER LETTER 

June 2, 1975 

The prominence of geophysicists in helping to meet 
the world's increasingly pressing energy and mineral needs 
lends urgency to their education and preparation. Although 
there are numerous demands on your time, will you take a 
few minutes for a task which may have significance for the 
optimum education of geophysicists? 

I am conducting doctoral research at The University 
of Arizona to discover trends, strengths, and deficiencies 
in geophysics education in the United States, Canada, and 
Mexico. A secondary objective is to ascertain your opinion 
on problems caused by energy and mineral shortages. 

You are one of a select group of leaders in 
geophysics in government, education, and industry who are 
being asked to help. Your knowledge of and insight into 
the educational needs of geophysicists are essential to the 
success of this study. Will you assist in this research 
by completing the enclosed questionnaire at your earliest 
convenience and returning it in the stamped envelope pro
vided for your use? 

No company, university, government agency, or 
individual will be identified in the results, and it is not 
necessary to sign your name unless you wish to receive an 
abstract of the results. 

Thank you for your assistance. 

Sincerely, 

Henry Cathey 
Professor of Science 

Enclosures 
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APPENDIX H 

FOLLOW-UP LETTER TO RESPONDENTS 

June 30, 1975 

A few weeks ago your assistance was requested in 

completing a questionnaire seeking information and 

opinions related to geophysics education and concerning 

problems caused by energy and mineral shortages. If you 

have already returned the questionnaire, please disregard 

this letter and accept my thanks. If not, may I again ask 

for your cooperation? 

There are a small number of prominent geophysicists 

in the United States, Canada, and Mexico, so input from 

each of you is significant. Won't you take this opportunity 

to participate in a study which may help improve the 

education and training of geophysicists? 

A second copy of the questionnaire and a return 

envelope are enclosed in case the first were misplaced. 

Again, thank you for your cooperation. 

Sincerely, 

Henry Cathey 
Professor of Science 

Enclosures 
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APPENDIX I 

DEPARTMENTS OFFERING DEGREES IN GEOPHYSICS 

Division of Superior Studies 1 
Earth and Atmospheric Sciences 1 
Earth and Planetary Sciences 3 
Earth and Planetary Sciences, and Physics (Inter

disciplinary) 1 
Earth and Space Sciences 1 
Earth Sciences 4 
Earth, Space, and Environmental Sciences 1 
Engineering Science 1 
Geological and Geophysical Sciences 1 
Geological and Planetary Sciences 1 
Geological Sciences 15 
Geology 21 
Geology and Geography 3 
Geology and Geophysics 10 
Geology and Mineralogy 1 
Geology and Physics (Interdisciplinary) 2 
Geophysical Sciences 1 
Geophysics 7 
Geoscience 1 
Geosciences 4 
Marine Geology and Geophysics 1 
Mathematics 1 
Mining and Metallurgical Engineering 1 
Oceanography 1 
Physics 6 
Physics (Interdisciplinary) 1 
Physics and Geophysics 1 
Physics, Applied Physics, Applied Geophysics 1 
Physics, Geology and Geography (Interdisciplinary) 1 
School of Geophysical Sciences 1 

Total 95 

2 2 6  



APPENDIX J 

SELECTED RESPONDENT COMMENTS 

Question 1: How can solid-earth geophysics education best 

serve to alleviate or solve present and future 

energy and mineral shortages? 

Education: 

In general, I feel that all earth scientists should 
get a good grounding in the basic sciences before they start 
real work in earth science. If I were starting from scratch, 
in the first two years of college education I would get the 
students to concentrate on Physics, Mathematics, and 
Chemistry with perhaps only two courses in Geology; one in 
each year, the principal objectives being to teach them 
terminology and general principles. In the third some form 
of streaming could take place to take care of the particular 
interests of the various types of geologists, geophysicists, 
and geochemists. This does not mean that, for instance, 
the geophysicists would not take any more geology in sub
sequent years but it would certainly be de-emphasized 
compared with geophysics. 

Exploration: 

It will be increasingly uncommon for a geophysicist 
to have a career in one specialized field. The average 
geophysicist will probably change expertise 2 or 3 times 
during his 30 year professional career. These changes are 
related to the different sources of energy that will come 
to center stage. 

To be as versatile as possible the training of a 
geophysicist needs to be in the basic sciences; physics, 
mathematics, and chemistry. The employer will need to bear 
the cost of training a graduate for specific job skills. 

The most rewarding graduate education will be during 
the breaks and changes in his professional career. 
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Exploration: 

In my opinion success in the exploration for energy 
resources, in addition to a normal amount of luck, first 
depends greatly upon the artistic talents of the explora-
tionist (that is, the creative and innovative talents) and 
then upon his or her scientific abilities and achievements. 

Therefore I leave to others, more qualified than I 
am, to influence your statistics in making course selections 
with respect to type and number of semesters, etc. Suffice 
it to say that a good background in mathematics and the 
physical sciences, compatible with the present state of our 
technology, is required, as well as the ability to communi
cate thoughts and ideas clearly and succinctly. 

The key is to be able to muster highly motivated 
individuals into our field and develop their latent creative 
talents. Just as the military resorted to artificial war 
games in their training programs, perhaps we could intro
duce more games of a similar nature into our course work. 

Exploration: 

Our educational system needs to be re-oriented 
toward encouraging creative thinking, so that geophysicists 
will come up with new solutions to the problems of finding 
deeper, lower-grade, less obvious energy and mineral 
accumulations. The present system in general is too 
structured and stifling; it tends to produce technicians 
who merely improve old techniques. 

Exploration: 

By concentrating emphasis on practical exploration 
methods and encouraging research directed to improving these 
methods and developing new methods. 

Exploration: 

Be practical, down to earth (if you can stand a 
pun) . 

Exploration: 

I don't know when, by whom, and under what delusions 
this question was prepared but I cannot see any present 
energy or minerals shortage and if one develops in the 
future it will be due to governmental manipulation. There
fore, I feel that the best way geophysicists can prevent any 
such "shortages" is to get elected to Congress. 
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Exploration: 

Solid-earth geophysics education can do little to 
alleviate or solve current energy problems. Formal educa
tion is merely a platform for training. Considerable "work 
application" after graduation is required before a graduate 
is able to contribute significantly to the total energy 
effort. This "work application" -(experience) is essential 
to any earth scientist's education. 

Geophysical Science: 

Geophysicists can help by finding new resources and 
elaborating older ones. The term if used in its widest 
sense could be much more contributive, for example in energy 
usage, land usage, water development, and similar aspects 
that your questionnaire does not cover. The work that 
geophysicists do ranges much more widely than does the 
subject of science or exploration or education. Most 
oceanographers and meteorologists are actually geophysicists. 

One thing that most geophysicists need is con
siderably more physics, chemistry, and mathematics. Most of 
the ones I run into cannot reason their way through the 
derivation of the equations that they use and think they 
understand. This is an appalling situation. 

Moreover, they appear to take no geology and hence 
do not have a clear idea of what it is they are trying to 
find out. 

If I were setting up a curriculum, and I have had 
experience at this, I would have them take nothing but 
physics, chemistry, math, and lots of humanities for the 
first four years, with maybe a general course in geology 
and another in geophysical exploration and one in general 
geophysics. 

Specialization would be encouraged only in graduate 
school. Then I would see that a balance between humanities, 
basic science, mathematics, and geophysics and geology would 
be struck. It matters but little if they don't get many 
courses in their specialties if they have the background to 
pick it up. Too often, composite courses could be used, but 
aren't and the kids have to take a whole succession of very 
similar courses to cover the whole gamut of material. 

Geophysical Science: 

Modernized but essentially traditional techniques 
of exploration will help us find new minerals, as always. 
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Besides this, the geophysicist of the future will become 
increasingly more involved in Environmental Impact (EI) 
studies as we proceed to build hundreds of new power 
generating plants and engage in massive strip mining. EI 
studies already provide a sizable percentage of the employ
ment of earth scientists. 

Geophysical Science: 

By providing an adequate number of well trained 
exploration geophysicists sufficient to meet world demands 
for resources. 

By providing through basic research, an improved 
body of geophysical theory and concepts. 

By translating, through engineering developments, 
the improved body of geophysical theory and concepts into 
new and improved geophysical exploration methods, techniques 
and equipment. 

Geophysical Science: 

I'm afraid this is a meaningless question without 
an answer as long as the present system of private control 
(i.e., large profit motivated companies) continues, we will 
continue to have cycles of artificially created shortages, 
and wastage of our scarce energy resources by forced con
sumerism. The education of geophysicists is relatively 
unimportant in the scheme of things; it can only aim at 
maximum efficiency in finding or inventorying energy 
sources. There's lots of energy around going to waste 
(solar, geothermal, wind, tides, etc.). The real problem 
is storage and breaking the present monopolies which 
control distribution and use of energy. If the latter can 
be accomplished the chemists and engineers will come into 
their own when they present us with means for storing 
energy in a compact, convenient manner. 

Geophysical Science: 

Need to get knowledgeable scientists in congress to 
make intelligent decisions. Present congressmen are mostly 
lawyers who don't comprehend problems in technical areas! 

Combination: 

Geophysics education can best serve present and 
future energy and material problems and needs by stressing 
fundamentals, and through examples, research projects, etc. 
Stimulating the interest and enthusiasm for students to 

/ 
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work on these problems when they graduate. New innovative 
approaches to these problems will not come from mastery of 
present methods alone. 

Question 2: What will be the trends in geophysics education 

for the next 10 years? 

Education: 

Exploration geophysics programs will become 
associated with engineering faculties as options to 
engineering geology, mining, civil or surveying engineering 
degrees. The systems approach to exploration will be 
emphasized in these programs. There will be a greater 
emphasis and interest in advanced training to the level of 
the M.Sc. degree. 

Education: 

More specialization starting at undergraduate level 
—e.g., larger geophysics groups either within geology 
departments or as separate departments, with attempts to 
stream students according to emphasis—program emphasis in 
geology, physics, or mathematics. All the basic subjects 
(and their subsection) will be important but will be 
emphasized differently for each stream. 

Education: 

I don't think there will be much change in the 
relative importance of various areas in the basic subjects 
between now and 19 86 although I recognize that many of the 
things I regard as important now are not so regarded by 
others. 

Exploration: 

Trends in education probably will be the same as 
they have been, perhaps more emphasis on computer processing 
and mathematical modeling. 

Exploration: 

Continued refinement and advancement of basic 
fundamentals. 
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Exploration: 

Trends in geophysics education: 
deep exploration techniques; 
use of cryogenics for EM systems; 
borehole exploration technique for mining purposes; 
use made of geophysics to map geologic structure, 

hence closer ties to the geologist in ore search; 
remote sensing techniques (IR and band ratioing) for 

quantizing rock types and mineral identification. 

Exploration: 

There is nothing wrong with the education the 
present day graduate is getting from a well established 
college specializing in mining (or petroleum) exploration. 
What, in my opinion, needs to be stressed is that the work 
can only be done in the field. Also, a good knowledge of 
geologic problems must be stressed. 

I feel that education of "exploration" geophysicists 
should be confined to the 8± colleges in the U.S. and 4+ 
in Canada that have done a fairly good job at it so far. 
The rest tend to turn out people who cannot (or are not 
able) to relate their job to their educational training. 

Geophysical Science: 

Increased emphasis on equipment, methods, and 
techniques for geophysical exploration, both ground and 
airborne. 

Increased emphasis on relationships between geo
physics and other sciences that contribute to development 
of field exploration techniques such as geochemical and 
geobotanical techniques. 

Increased training in geophysical interpretation of 
NASA satellite photography such as ERTS for world-wide 
inventory of resources potential, and for preliminary de
lineation of most likely areas for geophysical exploration, 
and for planning for geophysical exploration. 

1 
Increased training in use of computers for analysis 

of geophysical data and in development of new analytical 
techniques. 

Geophysical Science: 

. . . probably toward more sophisticated statistical 
techniques for computer analysis of data. 
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. . . more emphasis on instrument development and 
exploration techniques. 

Geophysical Science: 

I suspect more applied courses will become popular 
as the energy problems increase but I believe we should 
continue emphasis on fundamentals. 

Geophysical Science: 

In general I would like to see more emphasis given 
in the future to practical problems. As an example most 
statistic courses are theoretical to the point of being 
useless. More emphasis should be given to dealing with 
practical situations. 

Geophysical Science: 

I do not foresee any great change. There is an 
inevitable four-year delay between reacting to a demand and 
producing trained people to meet the demand. A good basic 
education is probably the best way to meet this problem, 
since people with good basic training can adapt "on the job." 

Geophysical Science: 

A trend I foresee will be one in which a much 
broader training will be required so that the geophysicist 
can be used to bridge gaps between other specialties in 
order to make more sense and use of technology so that the 
world can benefit more from technology. 

Combination: 

Up immediately then down slowly. 

Combination' 

The basic trend will be toward heavy research 
emphasis on energy and materials, both exploration and 
laboratory studies. Because of the dependence of most 
institutions on federal grants, the research at universities 
closely follows national priorities and will continue to do 
so. The academic programs that are grounded in fundamentals 
will not change drastically, nor should they, because 
national priorities characteristically change significantly 
over the working span of most graduates (e.g., in recent 
years space programs and lunar research; energy; materials) 
and to be effective in a different problem area one must be 
thoroughly grounded in the basic concepts of physics, math, 
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amd geosciences. Because of the complexity of meaningful 
modern problems in geophysics and geology I anticipate much 
wider use of high speed digital computers in numerical 
modeling of realistic problems; this capability alone 
should permit better interpretation of field data and lead 
to new methods of analysis and significant breakthroughs 
from combined use of a variety of geophysical data in a 
systematic, self-consistent manner. Considerably more 
effort will be devoted to multiple extraction of materials 
that are of economic value in the same deposit; therefore 
more operations research background will be needed by geo-
science graduates than is common at present. 

Question 3: What will be the research trends for the next 

10 years? 

Education; 

A continued activity in data processing and noise 
elimination for all methods. The digital revolution will 
be extended to other methods besides seismic reflection. 
The physical properties of rocks will be studied in greater 
detail. Geophysical exploration methods will find an in
creasing application in earthquake prediction and geothermal 
exploration. 

Education: 

Geochemical exploration will became an integral part 
of an exploration program, with at least equal weight with 
geophysical exploration. 

Education: 

Research trends in some areas are predictable; for 
example, earthquake prediction, geothermal exploration. I 
also think much effort will be devoted to applying modern 
technology to a wide variety of geological problems. Con
tinued efforts on computer techniques and electronics 
applications will result as computers and electronics become 
more sophisticated. 

Exploration: 

Enhancement of data processing techniques in inter
pretation as well as signal improvement stage with partic
ular emphasis on modeling. 
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Exploration: 

Probably on refined recording, processing, and 
interpretation of higher resolution seismics. 

Exploration: 

Research trends . . . nuclear fusion technology 
development--solar energy for heating (electrical storage)--
solar energy for manufacture of hydrogen and hydrocarbons 
that can utilize pipelines—solar conversion and storage 
research—energy from hot rocks—wind energy, tidal. 

Exploration: 

Depends on economics of incentives. Hopefully the 
research effort will be in the hands of mature, practical, 
and highly curious individuals who will appreciate the 
diminishing trend in our resources and will therefore 
realize the need to solve long range problems instead of 
satisfying personal whims of curiosity or becoming experts 
on theoretical solutions which really don't work in the 
real physical world. 

Geophysical Science: 

Preliminary delineation of the utility of earth 
satellites as a vehicle for geophysical sensors leading 
toward an improved understanding of world-wide distribution 
of resources, and inventory thereof. 

It is not too early to contemplate and plan for 
satellite geophysical exploration of the moon and other 
bodies in our planetary system. 

Increased use of computers as a tool for the 
analysis of new and improved earth models. 

Extension and application of geophysical theory to 
other bodies in our planetary system. 

Above all, more research in basic geophysical theory 
since it provides the basis for geophysical exploration. 

Geophysical Science: 

The use of new tools such as digital recording and 
digital computers for ease in more sophisticated analysis 
technologies will obviously come to the fore. Improved 
secondary recovery and recycling techniques. . . . Geo
physics will have to become more and more marine—prepare 
to get wet. 
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Combination 

Advancement of present techniques. 

Seismic--direct detection, deep penetration. 

Geothermal—application and improvement of existing 
techniques particularly electrical and heat flow. 

Combination 

Further trends toward ocean geophysics (i.e., 
oceanic crust studies), further development of plate 
tectonics, earthquake prediction, increase in geothermal 
theoretical and experimental research, continuation of 
present research trends for some time. 
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