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The Basilica of Sant’Ubaldo, on the mountain overlooking Gubbio, Italy. A twelfth-century Bishop of Gubbio, Saint Ubaldo, led the citizens up the Bottaccione Gorge at night
(past the K/T boundary) and circled around, surprising and driving off the combined armies of eleven nearby towns which were besieging Gubbio. Photo by Walter Alvarez
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ABSTRACT

Research on impacts and mass extinctions has been interdisciplinary in the
extreme. As the field has developed, the scientists involved have learned a
number of ways of bridging the barriers that normally separate specialties.
The most difficult problems involve different training in the primary and
secondary sciences, different cultures in different sciences, perceptions of a
hierarchy or pecking order of sciences, judging the quality of scientific work,
and the barrier of jargon and technical language. Doing interdisciplinary
science involves learning the languages of different fields, and when this is
done, most of the other barriers melt away. Perhaps the interdisciplinary
style that is growing up in this field may eventually be as important as the

things we are learning about impacts and mass extinctions.

Author's Note: In 1988, Frank Asaro
was organizing a symposium at a
meeting of the American Chemical
Society and asked me to speak on the
topic, “How geologists view chemists.”
Recognizing the potential for disaster
inherent in that title, I convinced him
to let me speak instead on “How
scientists view each other across dis-
cipline boundaries” (a written version
will appear in the Proceedings of the
1988 Snowbird Tl Conference [Alvarez,
1991]). At Eldridge Moores’s sugges-
tion, 1 have revised that article for
GSA Today.

INTRODUCTION

There seems to be a close associ-
ation between interdisciplinary science
and revolutionary developments in
geology, although it’s not clear which
(if either) is cause and which is effect.
You might disagree, but I think I see
four revolutions in 20th century geol-
ogy. The first brought us radiometric
dating. The interdisciplinarv character
of this development could be symbol-
ized by the collaboration at Berkeley in
the 1950s and 1960s between physicist
John Reynolds, geologist Garniss Curtis,

geophysicist Jack Evernden, and pale-
ontologist Don Savage (Glen, 1982).

The second revolution, which
brought us plate tectonics, had an
aborted start with the meteorologist
Alfred Wegener, then took off with
geologist Harry Hess and geologists,
geophysicists and paleontologists,
physicists, and chemists too numerous
to list.

Looming on the horizon is a
coming revolution in understanding
Earth as a system, which will surely
involve people from biology, earth
sciences, engineering, physics, chem-
istry, and mathematics.

Interdisciplinary work has also
been characteristic of the currently ac-
tive and controversial revolution over
the role of impacts and other cata-
strophic events in Earth history. This
development is forcing the rejection of
classical uniformitarianism, as we real-
ize that modern geologists must be
able to think about both sudden and
gradual changes in order to under-
stand the history of Earth. Shortly
before the discovery of the Italian
Cretaceous-Tertiary iridium anomaly,

we were already doing interdisciplinary
research at Gubbio, in the Apennines,
as a team ranging from paleomagnetist
Bill Lowrie to micropaleontologist
Isabella Premoli Silva correlated the
biostratigraphic and magnetostrati-
graphic time scales (Alvarez et al., 1977).
The iridium anomaly discovery paper
(Alvarez et al., 1980) was written by a
particle physicist, a geologist, and two
nuclear chemists. Almost immediately,
other interdisciplinary groups began to
work on the problem. One early paper
was written by an oceanographer, an
atmospheric scientist, and a planetary
geologist (Emiliani et al., 1981), and a
more recent, extreme example was
written by two astronomers, two
geologists, and four paleontologists
(Hut et al., 1987).

Many other questions in geology
involve input from chemistry or
biology or physics, but they do not
often attract chemists and biologists
and physicists to work on them; they
stay strictly in the mainstream of
geology. Why did this particular topic,
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The Bottaccione Gorge at Gubbio. White pelaglc
limestones in the foreground are the Lower Creta-
ceous Majolica formation. In the distance are the
pink pelagic limestones of the Upper Cretaceous-
Eocene Scaglia rossa formation, with the K/T boun-
dary about half way up the cliff. The near horizontal
structure is a twelfthcentury aqueduct that brought
water to Gubbio (this is the “Bottaccione,” or “big
water barrel”).
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the mass extinction 65 m.y. ago, draw
in so many people from so many other
fields? I think it is because the impact
of a 10 km extraterrestrial body on
Earth is such an unusual and extreme
event that it led to unexplored parts of
other fields, not to their central, well-
known bodies of information. Suppose
one had gone to a chemist or physicist
and asked for help in understanding
some aspect of the K/T boundary. If
that chemist or physicist had been able
to say, “Well, why don’t you just look
in the index of any elementary text-
book?,” there would have been little
incentive for that person to join in the
research.

However, this extraordinary event
has led to new kinds of thinking in
every branch of science it has touched.
In biology, it required thinking about
non-Darwinian mechanisms of evo-
lution. In geology, it forced a reevalua-
tion of the central geological doctrine
of “uniformitarianism” or “gradualism,”
which for 150 years had discouraged
any thinking about catastrophic events.
In chemistry, it focused on iridium,
an almost comically obscure element,
and created a demand for very fast
analytical capabilities at the parts-per-
trillion level. And new problems have
been opened up in ecology, geophysics,
astrophysics, and atmospheric science,
as well.

Impact research has thus led to
forefront work in a variety of different
sciences. But progress in working out
the implications for each science has
depended on keeping in touch with
what is happening in each of the other
sciences. For example, think about
astrophysicists, exploring the idea that
a hypothetical companion star to the
Sun (Davis et al., 1984; Whitmire and
Jackson, 1984) might cause periodic
impacts and mass extinctions on Earth
by gravitationally disrupting the Oort
comet cloud of the outer Solar System
as it comes close to the Sun every 25
to 30 m.y. Calculations as to whether
such a wide binary star system would
be stable (Hut, 1984) depend on the
latest information from geology and
paleontology bearing on the timing of
impacts and extinctions: are impacts
periodic or aperiodic (Raup and
Sepkoski, 1984, 1986; Grieve et al.,
1985; Shoemaker and Wolfe, 1986;
Baksi, 1990)? If they are periodic, what
is the time interval between them?

The whole field of research on
impact crises has been built on inter-
disciplinary research, and trespassing
on other people’s fields has become a
privilege and a pleasure for those of
us involved in it, as has welcoming

visitors from other parts of science
who get interested in our own
disciplines. So let us consider the
experience of crossing discipline
boundaries in science.

BARRIERS TO CROSSING
DISCIPLINE BOUNDARIES

It seems to me that there are
several barriers to crossing discipline
boundaries, some minor and others
more difficult. In practice, however,
it is quite possible to bridge these
barriers, and doing so brings great
rewards, both personal and scientific.

Academic
Departmental Structure

First of all, interdisciplinary work
is hindered by the departmental struc-
ture of the universities. In academia, at
least, we live our lives surrounded by
people in the same general field. Yet
this is largely a matter of habit. At
Berkeley, and I am sure elsewhere,
there are many opportunities, both
formal and informal, for moving out
of the confines of one’s department;
this is no excuse!

Disciplinary Structure of
Funding Agencies

A second obvious problem is that
interdisciplinary research tends to fall
into the cracks between programs at
funding agencies like NSF. Perhaps
there ought to be a special division at
NSF, or a separate agency, aimed at
funding maverick interdisciplinary
proposals. Meanwhile, as we wait for
this Utopian dream to come true, it is
worth noting that interdisciplinary
research topics are more likely to
interest private donors and the gener-
alists who run private foundations
than are the narrowly focused projects
that appeal to specialists.

Asymmetry in Training Between
Primary and Secondary Sciences

Turning to the more subtle
problems that raise barriers to inter-
disciplinary science, our third problem
concerns the difference between what
we might call primary and secondary
sciences. As students we are all trained
in the primary or basic sciences—
mathematics, physics, and chemistry.
However, the secondary sciences—
geology, paleontology, biology—are
studied almost exclusively by prac-
titioners of those sciences. Almost all
geologists have a basic understanding
of chemistry, but few chemists know
anything at all about geology. This
puts a one-way valve in the com-
munications system, and as you will
see, good communications are the
prime consideration and the prime
difficulty in doing good interdisciplinary
science. Because of the asymmetry in
training, a somewhat harder burden
falls on people from the basic sciences,
but anyone wishing to cross disci-
plinary boundaries will have to learn—
or will have the pleasure of learning—
someone else’s science.

Varying Cultures and Traditions
in Different Sciences

The fourth problem concerns the
different cultures and traditions of the
different sciences. Because of our dif-
ferent subject matter, scientists in
various disciplines must work in dif-
ferent ways. Chemists and physicists
work in controlled laboratory settings,
isolating the phenomenon they wish
to study, and carrying out elegant and
repeatable experiments. Geologists
and paleontologists are restricted to
studying what nature has preserved
for us—or, sometimes, what the

highway department has chosen to ex-
cavate, and has not chosen to pave over.

Our differing traditions go back
centuries and are picked up and
internalized by each of us as students.
Chemists honor Marie Curie and
Mendeleev; physicists honor Newton,
Einstein, and Fermi; biologists honor
Wallace and Darwin. As a geologist, I
count G. K. Gilbert, Alfred Wegener,
and Harry Hess among my heros.
Although we are all scientists, we have
had to develop quite different ways of
doing science, and when people with
these different backgrounds join to-
gether to work on a common problem
there is inevitably misunderstanding at
first, and friction. However, our expe-
rience is that these problems do not
last long when people get together to
work on an intriguing interdisciplinary
problem.

The Spectrum or Hierarchy
of Sciences

One of the misunderstandings
emerges as we look at the fifth pro-
blem, which concerns the hierarchy,
or pecking order, of the sciences. The
scientific pecking order appears to
reflect the prestige of the various
disciplines. Why does this hierarchy
exist? I'm leaning toward the view that
the higher prestige disciplines are able
to formulate general laws that require
considerable mathematical sophis-
tication to understand, whereas the
lower prestige disciplines deal with
subject matter of great complexity,
which must be described and classified
before it can be understood. In this
view, the hierarchy of sciences has
nothing to do with the relative merits
of the different sciences, but is instead
a function of the kind of subject
matter with which they deal. If we
drop the loaded terms like “hierarchy”
and “pecking order” and simply
arrange the sciences in a spectrum
from mathematically sophisticated at
one end to descriptively complex at
the other, we would probably not
differ too much in assigning a se-
quence something like the following:
mathematics, physics, chemistry,
astronomy, geology, paleontology,
biology, psychology, sociology.

Let us trace one strand of impact-
extinction research across the spec-
trum of sciences and watch the
complexity increase. Nuclear chemists
like Frank Asaro, Helen Michel, and
Carl Orth use techniques from physics
to do neutron activation analysis for
elements like iridium. They measure
the neutron flux that irradiates their
sample, and as the radioactivity decays
they measure the energy and release
time of de-excitation gamma rays.
They end up with a reliable value and
uncertainty for the concentration of
iridium in a sample, —say 37.9 +2.3
(1 SD) x 10-12 g Ir/g whole rock.

Stratigraphers like Sandro Montanari
and Jan Smit, studying an Ir profile
across the K/T boundary, must con-
sider less quantifiable uncertainties, in-
cluding sedimentary reworking, bur-
rowing by bottom-dwelling organisms,
and chemical remobilization as they
determine whether the Ir was depos-
ited instantaneously.

Paleontologists like Gerta Keller,
Hans Thierstein and Peter Ward,
trying to decide whether the Ir input
coincided in time with a mass extinc-
tion, must decide how to define a mass
extinction—they have to choose the
taxonomic level to use and whether to
focus on taxa lost or on biomass de-
struction—and then they must consider
whether hiatuses and fossil reworking
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are complicating the record, and
whether an apparent diversity decline
is real or just a sampling artifact.

If the evidence for impact seems to
coincide with the extinction level,
paleoecologists like David Milne and
David Jablonski have to consider what
the geographical extinction pattern
was, what were the life styles of victims
and survivors, and which of the sug-
gested Killing mechanisms—darkness,
acid rain, greenhouse heating, fires,

etc. (Gilmour et al., 1989)—might have
affected each group.

Finally, if it is concluded that
impact causes mass extinctions, evo-
lutionists like Steven Gould and Digby
McLaren must consider the extent to
which this forces us to revise Darwin’s
concept of evolution by natural se-
lection. From counting gamma rays to
revising Darwin there is an unbroken
chain of interdisciplinary science, but
the levels of mathematical sophis-
tication and descriptive complexity
vary dramatically.

What is the effect of this spectrum
of sciences on interactions across the
disciplines? It causes real problems
because the spectrum is often inter-
preted as a ranking in order of merit.
But when a healthy interdisciplinary
field grows up, most of the people in it
simply see through the fallacy of this
pecking order and recognize that each
science has developed the techniques it
needs for its kind of problem. My
father once told me, after visiting me
in the field, that he admired the work
of geologists, but that he would stick to

physics, thank you, because geology
was just too complicated for him.

Judging the Validity of Scientific
Results in Someone Else’s Field
Continuing the list of barriers to
interdisciplinary work, number six is
this: How do you estimate the level of
confidence you can have in data and
interpretations from someone else’s
field? We are all accustomed to doing
this every day in our own field, where
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Environmental Issues

Polyethylene, Recycled Paper, and

GSA Publications

Jim Clark

Manager, GSA Publications Production and Marketing

One of the major challenges of the
1990s is conservation of our environ-
ment. Beginning this month, GSA is
implementing changes that will make
our publications program more envi-
ronmentally responsible. These changes
result from a two-year investigation
that focused on two specific areas in
our publications program:

1. Should we continue using poly-
ethylene (poly) as a packaging
medium for our publications; and,
if any use is justified, which type
(recyclable or degradable) best
serves the environment?

2. Are the printing papers we use for
our periodicals and books recy-
clable? Could we use recycled
papers and continue meeting the
standards for paper permanence,
especially for library materials?

The Use of Poly

The first question was easy to
answer. The use of poly has provided
GSA with economic and marketing
advantages. However, two indisputable
facts now overshadow the advantages:
(1) poly is made from hydrocarbons, a
nonrenewable resource that we should
use responsibly; and (2) pure poly is
inherently recyclable, but for an unac-
ceptably high percentage of people
there is no ready means for recycling it,
and far too much finds its way into
landfills.

We can no longer avoid the con-
clusion that poly should be used only
when the desired function cannot be
performed adequately by an alternative
that is better for the environment. There-
fore, GSA is discontinuing or modifying
its use of poly in the following areas.

Journal Subscribers

Poly is being discontinued as the
packaging medium for our original
fulfillment mailings of GSA Bulletin,
Geology, and Abstracts with Programs to
all domestic U.S. subscribers. These
periodicals will be mailed without
packaging, as is GSA Today. Copies
damaged in the mail will be replaced
free by GSA—ijust call or write the
Membership Department.

Until we find a more suitable
alternative, we will continue to use
poly for mailing periodicals to our
overseas subscribers. The U.S. Postal
Service requires packaging for these,
and because they move by ship we

feel that poly offers the most protec-
tion against moisture and other hazards
of ocean shipment.

Back-Label Journal Mailings

For the past two years we have
used poly to mail back-label journal
orders from our warehouse. These are
copies of back issues that go to mem-
bers when they pay their dues after the
start of the subscription year. We will
stop using poly for this purpose when
our current supply is exhausted.

Catalogs and Flyers

We will no longer use poly in
our publications marketing efforts.
In the future, catalogs and flyers will
be mailed in recyclable packaging or,
when possible, without packaging.

GSA Books

GSA books have traditionally been
shrink-wrapped with a special poly to
protect them during shipment and
mailing. We are working with our
printers to phase out the use of poly for
this purpose. We intend to substitute
other environmentally safe packaging
methods, or use no packaging at all.

Bookstore Shopping Bags

If you have visited the GSA Book-
store at any Section or Annual Meeting,
AGU, or AAPG meeting, you are fami-
liar with the blue and white poly book
bag that thousands of customers use to
carry their purchases. We will continue
to offer these until our present supply
is exhausted. By that time we hope to
find an affordable, environmentally
safe replacement for this give-away bag.

GSA now offers a new cotton-
canvas shopping bag. These are similar
in size and shape to bags offered for
sale by many supermarkets. They are
too expensive to give away; however,
you can buy them at our cost ($3.50
net, less than supermarkets charge), or
you can get one as a gift on any order
to GSA Publication Sales that includes
two or more items totaling $55 or
more, net, before taxes.

Now to address the last part of the
poly question: “If any use of poly is
justified, which type (recyclable or de-
gradable) best serves the environment?”

When we began using poly several
years ago, GSA opted for 100% pure ma-
terial. It still seems to be a better choice

environmentally than “degradable”
poly for two reasons: first, pure poly
is the only kind that can be recycled.
Poly materials labeled “degradable”
contain additives such as starch that
disintegrate—biologically or through
photosynthesis—Ileaving behind unre-
coverable poly fibers. These additives
are detrimental to recyclers because
even a small undiscovered amount of
them in the recycling stream can ruin
an entire batch of recycled poly.

Second, the label “degradable” en-
courages many people to feel more com-
fortable tossing the item into the trash
headed for landfills where, current
research indicates, it may never degrade.

In summary, although neither
type of poly conserves our nonrenew-
able resource, pure poly is the better
choice because it's recyclable.

Recycled and
Recyclable Papers

The paper industry is regionally
oriented, with many mills, each fea-
turing its own line of papers and mak-
ing its own decisions about producing
recycled papers.

Partly because of this, paper that is
inherently recyclable may or may not
be acceptable by recyclers in all areas.
Recyclers have to live with the econo-
mic realities of “who, where, and when
—who will buy it, how far must it be
shipped, and when will it be needed?”

As more mills decide to produce
recycled papers, recyclers will find it
profitable to accept a wider variety of
waste at local levels. But any improve-
ment will occur only in relation to the
demand by the public and major paper
users, like GSA, for broader lines of
new papers that are better for the
environment.

For now, these papers are available
in limited supply, with limited charac-
teristics, in two categories: (1) recy-
clable papers, commonly containing
mostly virgin fiber, sometimes mixed
with mill broke; and (2) recycled
papers, mixes of up to 50% or more
virgin fiber, 40% or so of preconsumer
waste, manufacturing byproducts, and
mill broke, rounded out by up to 10%
or so of postconsumer fiber (waste
paper you and I recycle).

A little skepticism is healthy in
evaluating claims that paper is re-
cycled. Many papers claiming to be
“recycled” in fact contain no post-
consumer fiber. For most of us, this
is contrary to the basic meaning we
attribute to that word.

GSA Has Long Used
Recyclable Papers

Since 1984, the text papers used
for GSA publications have been re-
cyclable new paper. There is nothing
inherent in them to prevent recycling.
But in some areas where recycling is
not yet well developed it is difficult to
recycle them or other paper products.

Only continued public demand will
change that.

GSA Bulletin and Geology are print-
ed on a coated, matte-finish, acid-free
paper that is widely recyclable. This
paper contains 26% recycled waste
(preconsumer).

Our books, with rare exceptions,
are printed on uncoated matte-finish,
acid-free book papers which are com-
monly accepted by virtually all
recyclers. Because books are rarely
discarded, an insignificant number
flow into the waste stream.

GSA Begins Using
Recycled Paper

GSA News & Information and
Abstracts with Programs have, for years,
been printed on common 50 pound
offset paper, a sheet which contains
varying portions of preconsumer waste
and is widely sought after by recyclers.

In January 1991, GSA Today
replaced GSA News & Information. It
is printed on a recyclable paper with a
preconsumer waste content. We hope
to find a paper with a postconsumer
recycled content in 1991.

In the marketing area, we intend
to print our future catalogs and up-
dates on recycled and recyclable papers,
starting with the October 1991 catalog.

The situation is more difficult for
our journals and books. We are com-
pelled to continue using papers that
meet widely accepted standards for
science publishing, a tradition from
the earliest days of GSA. We want to
use papers with a postconsumer
recycled component, and we have
examined many different sheets so far
in that search. As yet, however, we
have not located any that meet library
standards for permanence, foldability,
strength, etc., and also meet our re-
quirements for appearance, availability,
weight, and cost.

The cost factor is a major obstacle.
The cost of paper containing 10% or
more of postconsumer recycled waste,
and otherwise meeting the EPA 1988
standard for recycled papers, generally
run between 60% and 100% more than
papers without postconsumer content.
Because paper represents one of the
major cost components in our journal
prices, that kind of increase would
make our journals prohibitively costly
to many of our subscribers.

We will continue searching aggres-
ively for affordable papers with post-
consumer waste content. As soon as
the right combinations become avai-
lable, we intend to start using them. i
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Geology is more complicated than physics: When
physicist Luis W. Alvarez visited the K/T boundary at
Gubbio, it disturbed him that the beds were dipping
at 45°. He leaned over and had this picture taken
with the camera tilted, so that audiences of physicists
would understand the originally horizontal bedding.
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we have the experience to evaluate the
quality of a particular piece of research,
or where we have worked on the same
topic ourselves, or where we know the
reputations of the people involved.
Judging the quality of a piece of re-
scarch in a completely different science
is much more difficult, and the criteria
may be quite different. At least at the
beginning, one is probably dependent
on the judgments of colleagues from
that other science. It is of course even
more difficult for the press and the
public to make accurate judgments
about the validity of particular
scientific results.

Given this problem, it is impor-
tant for workers in an interdisciplinary
subject to go out of their way to make
it possible for scientists from remote
fields to judge published results. One
needs to take more care in documen-
tation than when writing for fellow
specialists. This may mean (Editors,
take note!) giving explanations or
making citations that would be con-
sidered unnecessary or patronizing in
most technical literature.

To facilitate judgments about the
reliability of results, we can make use
of a whole variety of techniques avai-
lable to scientists. Familiar approaches
include the determination of analytical
confidence limits, estimating confi-
dence levels for less quantitative
observations, rigorous statistical testing
of hypotheses, interlaboratory calibra-
tion of analytical standards, and the
independent analysis of blind samples
from critical locations. (Blind analysis
of some critical, disputed levels across
the Italian K/T boundary is currently
being carried out under the supervision
of Robert N. Ginsburg of the University
of Miami.) One can often invent or
modify special techniques suited to
particular questions; Muller’s (1988)
description of the use of the “Game
Program” to decide a confidence level
in a proposed periodicity is an
excellent example.

The key to judging research results
across disciplines thus comes down to
rigorous care and full explanation on
the part of the producer, and the will-
ingness of the reader to delve deeply
into an unfamiliar literature. This last
consideration brings us to the question
of how well a scientist from one field

can understand what a practitioner of
a remote specialty is saying or writing.

Jargon and Technical Language
as a Barrier to Communications

The final item in this list of
problems in crossing disciplinary
barriers is thus the matter of technical
language and jargon. I have come to
see this as a major barrier to commu-
nication, both in reading the literature
and in conversation with scientists
from other disciplines. Nevertheless,
this barrier can be overcome, and
overcoming it is in itself an interesting
process.

What is the role of jargon and
technical language in science? Why
do they exist? Technical language is
clearly a necessary part of science. We
need new words to describe new phe-
nomena that are not covered by the
vocabulary of the common tongue. But
jargon seems to play two additional
Toles in science, one detrimental and
the other beneficial. In its detrimental
role, jargon serves to exclude the
untrained from a specific high priest-
hood—those who are initiated in a
particular discipline or specialty. In its
more beneficial role, jargon serves as a
tool for calibrating the level of exper-
tise of a new acquaintance, and helping
you choose the level on which to
communicate.

To me, jargon and technical
language present the highest barrier
to crossing discipline boundaries. The
other major barriers, especially cultural
differences and notions about a hier-
archy of sciences, melt away once the
language problem is surmounted.

AN APPROACH TO
CROSSING DISCIPLINE
BOUNDARIES

So how does one overcome the
language barrier between disciplines?
It seems to me that language fluency
comes almost automatically, if we treat
the boundaries between disciplines not
as barriers, but as gateways leading to
new things to explore. After all, as scien-
tists we are driven by curiosity about
nature. Why can’t we be just as curious
about the workings of somebody else’s
ficld of science? Each field has its own
history, its own traditions and ways of
thinking and working, its own folklore,
and even its own language.

I have come to view language
learning as the key to interdisciplinary
work. There is no practical way to get
different specialists to use the same
tongue, so those wanting to cross
barriers simply must learn other
scientists’ languages.

What does this language learning
involve? First of all, we need to know
what the words mean. The same word
may carry very different meanings
when used by two different people. We
know about this in foreign languages;
for example, burro means donkey in
Spanish, but it means butter in Italian.
Or to take an extreme case, ne means
no in Yugoslavia, but across the border
in Greece, it means yes. No wonder
Balkan history has been so troubled.
Different meanings for the same word
arise through time in the same lan-
guage. In order to understand Shake-
speare’s plays, we need to know that
words like compass and conceit meant
something quite different to the Eliza-
bethans than they do to us. To a che-
mist, radiation means light, but to a
paleontologist it means appearance of
new species from a common ancestor.
However, even this doesn’t end the
problem, for species has different
meanings to a paleontologist and a
chemist.

A second observation about
languagec is that certain key phrases act
as passwords for recognition among
speakers of the same dialect. If we hear
phrases like “right on” or “jolly good,”
we immediately know which side of
the Atlantic the speaker comes from.
The same thing holds true in scientific
dialects. Trivial as it may seem, [ found
that my main breakthrough into the
physics community came when |
stopped saying that something “was a
hundred times larger,” as a geologist
would, and began saying “two orders
of magnitude greater.”

At a more subtle level, one finds
that cadence and style reflect the
complexity, the traditions, and the
folkways of a particular science and
define recognizable dialects. For
example, there is a dialect known as
Physics Macho, in which any deriva-
tion that takes a sophisticated
mathematician less than a week is
referred to as “an exercisc for the
student.” Another example is a dialect
called Ecologic Jargon Overkill. Here
is a sample from the literature, only
slightly edited: “Dissimilatory anoxic
oxidation is carried out in the
sulfuretum by photolithotrophic
bacteria like the Chlorobiaceace, which
are obligate photolithoautotrophs and
strict anaerobes, the Chromatiaceae,
which are partly obligate, partly
facultative photolithotrophs, and the
Rhodospirillaceae, which are photo-
heterotrophs ... although many of
them are able to grow photolitho-
trophically as well.”

Geological dialect undoubtedly
has its own sillinesses, too, which [
would like to report to you if I could,
but they are much harder for a native
speaker like me to recognize. Perhaps
an outside observer would find the
dialect of geology to be colored by the
description and classification of
complex phenomena, which has been
a major task of our science. Thus our
dialect might be represented by a
paper, published in the last century,
with this title: “A Description of the
Dessicated Human Remains in the
California State Mining Bureau”
(Anderson, 1888).

The difficulty of learning a lan-
guage or a scientific dialect is clearly
related to its complexity. Russian, with
its ornate system of declensions, is
harder for English speakers to learn
than are Romance languages. Geology
is a more complexly descriptive subject
than physics (though not necessarily
more difficult), and as a result, its
dialect is harder for physicists to learn
than vice versa. For the same reason,
biologese has been very difficult for me
to learn. I still can’t speak Ecologic
Jargon Overkill, but I'm working on it.

Serious understanding of another
field does not immediately result from
learning scientific dialects. But with
the language mastered, you have the
tools for discussing the subject matter
and reading the literature in depth,
and the practitioners of the field will
take you seriously. Many people have
done this in the general field of
research on impacts and mass extinc-
tions, and have found it to be scien-
tifically and personally rewarding. I
believe it is the key to successful inter-
disciplinary research.

CONCLUSION

As science penetrates deeper and
deeper into the unknown, most fields
become of necessity more and more
separated and specialized. Yet some
topics seem naturally to bridge the gaps
between fields. The study of impacts
and mass extinctions seems to be one
of these bridging topics. Perhaps the

scientific style that is growing up in
this field may eventually be as impor-
tant as the things we are learning
about nature.

ACKNOWLEDGMENTS

‘This paper is based on things 1
have learned from and with many
people interested in impacts and mass
extinctions. Foremost among them are
my original colleagues in the Berkeley
group—Luis Alvarez, Frank Asaro, and
Helen Michel. I especially thank Frank
for organizing the American Chemical
Society symposium that was the spur
to think these matters through. The
thoughtful books by David Raup
(1986) and Rich Muller (1988) were
a further stimulus to think not only
about what science learns, but about
how science is done. Despite the fact
that our work was often difficult to
pigeonhole in the structure of aca-
demic disciplines, my colleagues and
I have received general financial sup-
port from DOE, NSF, NASA, and the
California Space Institute, and more
specialized support from the Murdoch
Charitable Trust, the Hewlett-Packard
Company Foundation, Dr. John
Lawrence, Gordon Getty, and the
U.C. Berkeley Foundation.

REFERENCES CITED

Alvarez, LW_, Alvarez, W., Asaro, F., and
Michel, H.V., 1980, Extraterrestrial cause for the
Cretaceous-Tertiary extinction: Science, v. 208,
p. 1095-1108.

Alvarez, W., 1991, Interdisciplinary aspects ol
rescarch on impacts and mass extinctions: A
personal view, in Sharpton, V.L., and Ward, P.D.,
eds, Global catastrophes proceedings: Geological
Society of America Special Paper 247.

Alvarez, W., Arthur, M.A_, Fischer, A.G., Lowrie,
W., Napoleone, G., Premoli Silva, ., and
Roggenthen, W.M., 1977, Upper Cretaccous
Paleocene magnetic stratigraphy at Gubbio, ltaly:
V. Type section for the late Cretaceous-Paleocene
geomagnetic reversal time scale: Geological
Societv of America Bullctin, v. 88, p. 383-389

Anderson, W., 1888, A description ot the
dessicated human remains in the Calilornia State
Mining Bureau: Calitornia State Mining Bureau
Bulletin, v. 1, p. 1-41.

Baksi, A.K., 1990, Search tor periodicity in global
cvents in the geologic record: Quo vadimus?.
Geology. v. 18, p. 983-986

Davis, M., Hut, I,, and Muller, R.A., 1984, Extinction
of species by periodic comet showers: Nature,
v. 308, p. 715-717.

Emiliani, C., Kraus, L.B., and Shoemaker, .M.,
1981, Sudden death at the ¢nd ol the Mesozoic:
Earth and Planetary Science Letters, v. 55,

p. 317-334.

Gilmour, 1., Wolbach, W.5., and Anders, E., 1989,
Major wildfires at the Cretaceous-Tertiary boundary,
in Clube, $.V.M., ed., Catastrophes and evolution:
Astronomical foundations: Cambridge, England,
Cambridge University Press, p. 195-213.

Glen, W., 1982, The road to Jaramillo: Stantord,
California, Stanford University Press, 459 p.

Grieve, R.AF.,, Sharpton, V.L., Goodacre, A.K., and
Garvin, ].B., 1985, A perspective on the evidence
for periodic cometary impacts on Earth: Earth and
Planetary Science letters, v. 76, p. 1-9

Hut, P., 1984, How stable is an astronomical clock
that can trigger mass extinctions on Larth?:
Nature, v. 311, p. 638-640.

Hut, P, Alvarez, W, Elder, W P, Hansen, T.,
Kauffman, E.G., Keller, G., Shoemaker, E.M., and
Weissman, P.R., 1987, Comet showers as a cause
of mass extinctions: Nature, v. 329, p. 118-126.

Muller, R.A., 1988, Nemesis: New York, Weidenfeld
and Nicolson, 193 p.

Raup, D.M., 1986, The Nemesis affair: New York,
W.W. Norton, 220 p.

Raup, D.M., and Sepkoski, J.J., Jr., 1984,
Periodicity of extinctions in the geologic past:
National Academy of Sciences Proceedings, v. 81,
p- 801-805.

Raup, D.M., and Sepkoski, }.J., Jr., 1986, Periodic
extinction of families and genera: Science, v. 231,
p. 833-836.

Shoemaker, E.M., and Wolfe, R F., 1986, Mass
extinctions, crater ages, and comet showers, in
Smoluchowski, R., Bahcall, J.N., and Matthews,
M.S., ed., The galaxy and the solar system: Tucson,
University of Arizona Press, p. 338-386.

Whitmire, D.P., and Jackson, 1., 1984, Are periodic
mass extinctions driven by a distant solar
companion?: Nature, v. 308, p. 713-715. ll

34

GSA TODAY, February 1991



