catholicity of source materials (including
at least one U.S. Geological Survey
Open File Report). In addition to key
original papers, the references include
many syntheses by age or country; not
many of the previously published com-
piled maps of bedrock surface geology
are listed, and the scale of the atlas does
not allow it to distinguish outcrop from
subsurface occurrences. The compila-
tion and the bibliography are claimed to
be current to 1981, and the majority of
the references cited are from the 1970’s.
Those who do not read Russian will
still find the atlas a very useful reference.
The legends and the introductory section
are in both English and Russian, and it is
easy enough to find one’s way around
the maps. The volume is very well print-
ed in sharply contrasting colors, and it is
finely bound. For a world view of sedi-
mentary geology there is nothing like it.
WiLLiaM T. HOLSER
Department of Geology,
University of Oregon,
Eugene 97403

Geomagnetism

Reversals of the Earth’s Magnetic Field. J. A.
Jacoss. Hilger, Bristol, 1984 (U.S. distribu-
tor, Heyden, Philadelphia). x, 230 pp., illus.
$35.

In June 1967, Sir Edward Bullard de-
livered the Bakerian Lecture to the Roy-
al Society on the theme ‘‘reversals of the
earth’s magnetic field.”” J. A. Jacobs,
who succeeded Bullard in the chair of
geophysics at Cambridge University,
now brings us up to date in this new
branch of geophysics, which added pre-
cision to plate tectonics by providing the
magnetic chronometer used to determine
rates of sea floor spreading. In this short
volume, Jacobs begins by reviewing
what was known at the time of Bullard’s
lecture; he discusses the mathematical
description of the geomagnetic field, the
origin of the field by electromagnetic
induction in the earth’s fluid core, the
magnetization of rocks, with a lively
description of that fascinating and initial-
ly confusing phenomenon, self reversal,
the now overwhelming evidence for
north-south changes (or ‘‘reversals’’) in
the polarity of the earth’s magnetic field,
early attempts to model reversals using
disk dynamos, and the emerging field of
magnetostratigraphy. In comparing Bul-
lard’s lecture with Jacobs’s book, one is
struck by how clearly the main outlines
of the subjects had emerged already in
1967.
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The most interesting chapters deal
with subjects that have opened up during
the past decade or two. A comprehen-
sive review is given of observations of
the intensity and direction of the field
during the polarity transitions: the inten-
sity decreases by a factor of four and the
global morphology of the field becomes
largely nondipolar. Research since 1967
has firmly established that there have
been changes in the frequency of rever-
sals through geologic time. Issues under
current discussion in the literature are
whether changes in frequency are step-
wise or smooth, whether reversals have
a Poisson distribution or some other ran-
dom distribution, and whether periodici-
ties are present in reversal time series.
Jacobs gives a balanced review of papers
on the subject, some published as recent-
ly as 1984; he tends to favor what is
probably the majority view, that rever-
sals are a random and probably Poisson
process in which periodicities are not
present.

A chapter on geomagnetic excur-
sions—wild swings of the field that do
not lock into an antipodal direction—
contains an extended review of the ex-
perimental data that provide the basis for
the Laschamp, Lake Mungo, and Mono
Lake excursions and a discussion of the
all-important question of whether their
ages are well enough known to permit
global correlation of the excursions. Ja-
cobs’s background is that of a theoreti-
cian, not an experimentalist. Despite this
(or perhaps because of it), he is remark-
ably shrewd in evaluating experimental
data on a subject about which few obser-
vations or experiments are clear-cut. No
one who has attempted to distinguish
between short reversals, excursions, and
bad data will want to miss Jacobs’s up-
to-date review and evaluation of this
subject.

A chapter on models for reversals be-
gins with the classical disk dynamo and
covers recent ideas, including that of the
disk dynamo as a ‘‘chaos’’ phenomenon.
Probabilistic models for reversals and
models based on cyclonic convective
cells in the core are discussed extensive-
ly, but the book does not attempt a
thorough review of theoretical work on
the core dynamo.

A bonus is provided by a final chapter
on the earth’s magnetic field and climate.
Changes in the paleomagnetic field ac-
companying changes in climate have
been reported, as have faunal extinctions
accompanying reversals in the geomag-
netic field. After reviewing the literature
on this fascinating subject, Jacobs con-
cludes that the subject is ‘‘rather grey”’
and that little convincing evidence for

correlations has been obtained in spite of
the increasing interest in and vast litera-
ture on the subject.

Jacobs’s modest book does not pro-
vide a new synthesis of modern geomag-
netism but rather offers a remarkably
thorough and balanced review of the
recent literature. Articles about subjects
as diverse as dynamo theory and rock
magnetism are translated into plain En-
glish and summarized fairly and suc-
cinctly. Jacobs is one of the few geo-
physicists with the breadth to do this.
Where the evidence concerning an issue
is fairly clear-cut, Jacobs will state his
own conclusions. For example, in dis-
cussing possible correlations between re-
versals and changing climatic conditions,
he notes that ‘‘one must be wary of
statistics based on very limited time se-
ries and the popular appeal of relating
reversals to many other geophysical phe-
nomena.”’ Generally, however, the read-
er is given a review of what is known and
left to think for herself or himself. I can’t
imagine a better volume to use as the
basis for a graduate seminar.

ArLanN Cox
Department of Geophysics,
Stanford University,
Stanford, California 94305

An Episode in Biotechnology

The Interferon Crusade. SANDRA PANEM.
Brookings Institution, Washington, D.C.,
1984. x, 109 pp., illus. $22.95; paper, $8.95.

Sandra Panem has written an excellent
brief essay on the development and pro-
motion of interferon. She recounts its
scientific history, beginning in the late
1950’s and continuing through the slow
pursuit of its antiviral and then antican-
cer properties. The laborious production
process required the culturing of human
cells and resulted in the extraction of
only minute quantities of the substance.
Then, in 1979, the successful cloning of a
human interferon gene by a Japanese
scientist altered the time, quantity, quali-
ty, and cost dimensions of its produc-
tion. As a consequence, recently formed
genetic engineering and established
pharmaceutical firms in the emergent
biotechnology industry raced each other
to exploit its market potential. That po-
tential, everyone now realizes, has not
materialized as expected: the anticancer
properties of interferon have proved
more elusive than expected, and various
side effects have been revealed, includ-
ing possible disease-inducing ones.

Panem also highlights the political
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campaign to promote increased federal
government research investment in in-
terferon, which was spearheaded by Dr.
Mathilde Krim of Memorial Sloan Ket-
tering Institute, beginning in 1975. Krim,
a veteran of the effort that led to the
passage of the National Cancer Act of
1971, worked in alliance with Mary
Lasker, Dr. Jordan Gutterman at the M.
D. Anderson Hospital and Tumor Insti-
tute in Houston, and the American Can-
cer Society.

This essay actually contains two sto-
ries. The first focuses on the interferon
crusade within the context of the Nation-
al Cancer Institute (NCI) and National
Institutes of Health cancer research pro-
gram. The ‘‘crusade’ resembles more
the campaigns to promote research in
cancer chemotherapy in the 1950’s or in
viral oncology in the 1960’s, both of
which took place within the NCI statu-
tory and financial framework, than it
does the 1970 and 1971 campaign, which
generated a new law, created new insti-
tutions and programs, and involved a
massive increase in funding. In the inter-
feron crusade, the government behaved
as a cautious banker, requiring scientific
peer review of research proposals, ex-
ploring alternative production methods,
and underwriting production of the sub-
stance, exchange of information, and re-
search grants and contracts. According
to Panem, interferon research was allo-
cated between 2.0 and 3.5 percent of the
research budget of the National Institute
of Allergy and Infectious Diseases dur-
ing the years from 1972 to 1981, and the
corresponding percentages for NCI were
0.15 and 1.30 percent, hardly in the cate-
gory of betting the company. Greater
financial risk for research support was
borne, it would seem, by the Albert and
iMary Lasker Foundation, the American
Cancer Society, and private industry.
The government appears a model of pru-
dence, and the spending curve seems
quite reasonable given the intense politi-
cal promotion of interferon research, in
which enthusiasm for its promise outran
the demonstrated scientific and clinical
research results.

The second story of great moment is
the relationship between academic and
industrial research in the biological sci-
ences as genetic engineering has reduced
the time from discovery to application
and blurred the distinction between uni-
versity and industrial laboratory. Here
the author provides less empirical detail
on the relations between universities,
private firms, and the government than
she does for the first story. Nevertheless
the interferon episode adds to our under-
standing of this larger problem.
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A number of policy issues flow from
this case. Paramount among Panem’s
concerns is the increasing constraint
upon university research as industry in-
creases its investment in academic re-
search laboratories and genetic engineer-
ing. Also of interest are the problems of a
limited public constituency for funda-
mental scientific research, prospective
manpower shortages in academic biolo-
gy similar to those currently affecting
academic computer science and electri-
cal engineering, and issues arising from
rapid scientific change, namely obsolete
reagents and regulatory and patent prob-
lems. A brief discussion of policy lessons
concludes the book.

The Interferon Crusade is a good eve-
ning’s read, although this reviewer
wished at times for more of the details
behind the reported events. The account
is important, the material is well orga-
nized, the issue is thoughtfully present-
ed, the style is direct, and—in paper—
the price is right.

RicHARD A. RETTIG
Department of Social Sciences,
Illinois Institute of Technology,
Chicago 60616
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