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CATASTROPHISM AND UNIFORMITARIANISM

Fig. 3. William Whewell statue in the chapel of Trinity
College, Cambridge University, where he was Master of
the College.

‘catastrophism’ and ‘uniformitarianism.” Whewell
considered geology to be a ‘palaetiological
science’, concerned with ‘... the study of a past
condition, from which the present is derived by
causes acting in time’. Therefore, it was
inappropriate to specify, via vera causa, the nature
of those causes a priori. Whewell (1837, vol. 2, p.
593) writes, in a vein similar to other catastrophists:

In truth, we know causes only by their effects;
and in order to learn the nature of the causes
which modify the Earth, we must study them
through all ages of their action, and not select
arbitrarily the period in which we live as the
standard for all other epochs ...

Whewell (1837, vol. 2, p. 592) goes much further
than any of his contemporaries, however, in a
complete rejection of Lyell’s inductive logic:

(Lyell’s) ‘earnest and patient endeavor to
reconcile the former indication of change’, with
any restricted class of causes, — a habit which he
enjoins, — is not, we may suggest, the temper in
which science ought to be pursued. The effects
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must themselves teach us the nature and intensity
of the causes which have operated ...

Comparison of this statement to the logical
description of induction will show that Whewell is
denying that the kind of induction advocated by
Lyell, and borrowed from physics, is appropriate to
geology as a ‘palaetiological science’. Note also
that the point here concerns ‘methodological
uniformitarianism’, a doctrine which many contem-
porary scholars hold to be valid in modern geology.

To understand what Whewell was aiming at we
will have to return to a notion of ‘hypotheses’ that
was summarily dismissed in the physics-based
philosophy of inductions and uniformity. Following
Charles Peirce, a scientific hypothesis may be
considered to be the starting point of a question. A
phenomenon is observed to have something
peculiar about it. One then infers if a certain state of
affairs existed, then that phenomenon would in all
probability occur. Hypothesis is the presumption of
this state of affairs.

Charles Peirce developed a logic of hypothesis
and credited William Whewell for anticipating this
logic (Peirce 1898). Whewell (1840) recognized
that science was concerned with the forming of
antithetical couplings between (1) the objective
facts of nature and (2) new concepts suggested to
scientific minds. Whewell considered this process
to be a colligation (‘binding together’) of existing
facts that are unconnected in themselves but
become connected through mental concepts. In his
treatises on logic, Whewell (1858, 1860) referred to
this process as ‘induction’, but Charles Peirce
distinguished this form of synthetic inference from
the ‘induction’ of which Hume (and later Popper)
had spoken. Peirce accorded it the various names
‘hypothesis’, ‘abduction’, ‘retroduction’, and
‘presumption’.

If we take Whewell’s methodology to be a part of
abductive or retroductive geology, we can now
contrast it with the inductive methodology of Lyell
and others (Table 2). The details of these
approaches have been more fully described else-
where (Von Engelhardt & Zimmerman 1988; Baker
1996a.,b), but here the distinction will be succinctly
drawn in terms of understanding versus ‘over-
standing’ nature. The notion of ‘overstanding’ may
be grasped by considering the answer of the
physicist Niels Bohr to a question concerning the
reality of nature revealed by his theories. Bohr
replied as follows (Petersen 1985, p. 305): ‘It is
wrong to think that the task of physics is to find out
how nature is. Physics concerns what we can say
about nature’. This is overstanding; the explan-
ations of science are judged by logical validity.
Indeed verification of theories against nature is
logically precluded (Popper 1959, 1969).
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Table 2. Comparison of scientific reasoning stvles for some early nineteenth century geologists

Uniformitarian overstanding
(Lyell, Herschel. Playfair)

Observe Effects of geological causes
Assume Axiomatic aspects of causes
(vera causa, uniformity)
Discover Principles of geology (logically
valid geological explanation)
Goal To be logically valid (true) in

what we can say about nature

Catastrophist understanding
(Whewell, Sedgwick)

Effects of geological causes

Axiomatic principles (laws of physics)

Causes actually operative in nature

To find out what nature says to us

Geological understanding has to do with what
nature says to us. This is interpreted through a
process that begins with retroduction or abduction.
The distinction of abduction from induction, so
important in geology, has only been made clear by
Charles Peirce, who has shared Whewell's neglect
by most philosophers of science, despite his clear
relevance of geology (Von Engelhardt &
Zimmerman 1988; Baker 1996a,b). Consider
Peirce’s distinction of these two models of
reasoning (in Burks 1958, pp. 136-137):

Nothing has so much contributed to present
chaotic or erroneous ideas of the logic of science
as failure to distinguish the essentially different
characters of different elements of scientific
reasoning; and one of the worst of these
confusions, as well as one of the commonest,
consists in regarding abduction and induction
taken together (often mixed also with deduction)
as a simple argument. Abduction and induction
have, to be sure, this common feature, that both
lead to the acceptance of a hypothesis because
observed facts are such as would necessarily or
probably result as consequences of that
hypothesis. But for all that, they are the opposite
poles of reason ... The method of either is the
very reverse of the other’s. Abduction makes its
start from the facts, without, at the outset, having
any particular theory in view, though it is
motivated by the feeling that a theory is needed
to explain the surprising facts. Induction makes
its start from a hypothesis which seems to
recommend itself, without at the outset having
any particular facts in view, though it feels the
need of facts to support the theory. Abduction
seeks a theory. Induction seeks for facts.

The structure of Lyell’s Principles is clearly
inductive. It starts with a vera causa, and it
develops the facts that support this initial
proposition. The peculiar backwards organization

of the Principles follows this task. The book begins
with the youngest geological periods and develops
facts further down the geological column from
Tertiary to Secondary to Primary. The progress is
from the most secure facts to the least. This is the
order of physics-based overstanding, rather than
that of geology-based understanding.

How do geologists reason?

What guides are required in the reasoning process
of science? What determines the value of a theory
or hypothesis in geology? For Charles Lyell and his
intellectual successors this value must be estab-
lished by some principle of reasoning. Lyell sought
to rid geology of error and inconsistency, to allow it
precision in explanation according to strict rules of
logic, indeed to put geology on the same strong
logical grounds as the sciences of controlled
experimentation. Physics was the exemplar science
for Lyell, and it remains so today for nearly all
philosophers of science. Indeed the heritage of
Lyell’s appropriation of physics reasoning has
proven far more durable than the specifics of his
uniformitarian doctrine. The current physics-based
philosophical fashion of hypothetico-deductive
scientific method, developed by Popper (1959,
1969), is strongly advocated for geological research
through appeals to logic and the probability of truth
(Cowan er al. 1997).

A widely-held methodological principle is that of
simplicity. For example, the highly respected
analytical philosopher Nelson Goodman (1967, p.
93) writes, ‘The Principle of Uniformity dissolves
into a principle of simplicity that is not peculiar to
geology but pervades all science and even daily
life’. Indeed, the mathematician John Playfair
praised the geological theory of his friend James
Hutton for its simplicity (Playfair 1802, p. 136),
much as a physicist would praise a theory in that
science. Because simplicity is a principle held in
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great esteem by analytical philosophers (Russell
1929) and by physicists (Bridgman 1961), one
commonly encounters arguments that cite the
principle of simplicity in support of geological
explanations (Newell 1967) or claims that simpler
scientific explanations are somehow ‘better’ than
more complex ones. Such claims have received a
more skeptical reception from other geologists
(Anderson 1963).

Uniformitarian simplicity, or scientific parsi-
mony, might be expressed as follows: no extra.
fanciful or unknown causes should be invoked if
known causes (those presently in operation and/or
observed) will do the job. The substantive
consequences of this principle may be as innocuous
as the claim that the same laws of mechanics apply
on Mars as on Earth. The successful landing of the
Pathfinder spacecraft attests to the practical value
of this claim. However, the success of this very
limited view does not warrant the extension of the
principle to other claims, such as the following
(Clifton 1988, p. 4):

In every case, responsible scientific procedure
dictates that we accept the most probable,
generally simplest explanation for any pheno-
menon in the geologic record ... Parsimony
demands that we attribute phenomena in the
sedimentary record to the most probable explan-
ation, and convulsive geologic events are, by
nature, improbable.

Note how the above quote conflates notions of
induction (probable inference), simplicity. uni-
formity and factual observation (the improbability
of catastrophic processes) into a proscriptive
methodological statement. Is this really how geo-
logists wish to interpret the Earth? The catastro-
phist philosophers cited above would hold that in a
natural science, in tune with nature, the only valid
demands on our explanations are those made by
nature. If nature contradicts our philosophy, parsi-
mony included, it is nature that our explanations
should follow, no matter how elegant and simple
the philosophy.

Louis Agassiz (1859) recognized a principle of
‘naturalness’ in geological reasoning and applied it
to the problem of classifying the divisions of
animals. Clearly this is a more complex problem of
induction (sampling genus and assigning to
species) than that perplexing Charles Lyell, but it is
logically equivalent. However, whereas Lyell
appealed to a uniformity (an asserted probability to
the induction), Agassiz proposes that any order in
the divisions must be natural, not artificial.
Although he ascribes that order to ‘the Divine
Intelligence’, such deification is not necessary for
the operation of his warrant for induction. He writes
(Agassiz 1859, p. 9):
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Is this order the result of the exertions of human
skill and ingenuity: or is it inherent in the objects
themselves, so that the intelligent student of
Natural History is led unconsciously, by the
study of the animal kingdom itself, to these
conclusions ...7 To me it appears indisputable,
that this order and arrangement of our studies are
based upon the natural, primitive relations of
animal life ... The human mind is in tune with
nature, and much that appears as a result of the
working of our intelligence is only the natural
expression of that preestablished harmony.

Note that Agassiz’s scientific reasoning allows
just as much order and precision to induction as
does Lyell’s uniformity. The difference is in from
whence that order and precision will derive. Lyell,
following Newton and the various interpreters of
his philosophy of physics, believes that the warrant
for induction lies in the precision of a logic that is
objectively detached from the objects represented
in its symbols. But a superprinciple is required to
regulate the relationship of that logic to the natural
world mirrored in its explanations. Agassiz’s
‘human mind in tune with nature’ needs no such
principle. Nature is the source of any order that we
discover, and it is impossible to detach our logic
from the connection of its symbols to that order.
Rather than suppressing that connection in a quest
for ‘knowledge of general principles’, Agassiz
would have the scientist learn the lesson that nature
has to teach.

The American polymath Charles S. Peirce
probably devoted the most intense philosophical
effort to understanding Agassiz’s approach to
induction. Peirce actually studied classification
with Agassiz and may have influenced some
important writings on philosophy of geology
(Baker 1996a). In his 1898 lectures on Reasoning
and the Logic of Things Peirce describes the issue
as follows (Peirce 1898, pp. 176-177):

The only end of science, as such, is to learn the
lesson that the universe has to teach it. In
Induction it simply surrenders itself to the force
of facts. But it finds, at once, — I am partly
inverting the historical order in order to state the
process in its logical order, — it finds I say that
this is not enough. It is driven in desperation to
call upon its inward sympathy with nature, its
instinct for aid, just as we find Galileo at the
dawn of modern science making his appeal to i/
lume naturale. But insofar as it does this, the
solid ground of fact fails it. It feels from that
moment that its position is only provisional. It
must then find confirmations or else shift its
footing. Even if it does find confirmations, they
are only partial. It still is not standing upon the
bedrock of fact. It is walking upon a bog, and can
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only say, this ground seems to hold for the
present. Here I will stay till it begins to give way.
Moreover, in all its progress science vaguely
feels that it is only learning a lesson. The value
of Facts to it, lies only in this, that they belong to
Nature; and Nature is something great, and
beautiful, and sacred, and eternal, and real, —
the object of its worship and it aspiration.

The spirit of hypothesizing in geology, captured
so well by Peirce, is far more relevant to the
practice of the discipline (Baker 1996b) than is
Charles Lyell’s induction and uniformity. This
spirit has been captured in the writing of Gilbert
(1886), Chamberlin (1890) and Davis (1926). It
was also expressed by many of Lyell’s catastrophist
contemporaries. Fortunately, discoveries like those
on Mars continue to reveal the inadequacies of
various uniformitarian dogmas, both substantive
and methodologic, as applied to geology.

Conclusions

It has been the thesis of this essay that the ‘new
catastrophism’ is rooted in a very old idea, one held
by many of the old catastrophists: geology is about
what Earth has to say to us. It is true that many of
the early nineteenth century catastrophists inter-
preted their task as one of translating the thoughts
of God, but the principles of logical inference, i.e.
the methodological components, of their science
are quite independent of any particular notion of
God. Despite neglect by nearly all the modern
philosophers of so-called ‘science’, this view of
inference has just as much power to ensure scien-
tific progress as does the notion of methodological
uniformitarianism, including doctrines of simpli-
city and actualism.

As a general observation, working scientists are
prone to many misconceptions as to the relationship
of philosophy to science. Perhaps the most perni-
cious of these is the advocacy of foundational
principles to explain the success of science, to
function as a framework for correct action, or to
justify the results of science. Such presumptions of
foundational principles must be held on faith; they
always involve antithetical formulations; and they
always have substantive or ‘strong’ forms as well
as methodological or ‘weak’ forms. The sub-
stantive forms make ontological claims about how
the Earth actually behaves, while the method-
ological forms provide guidance for reasoning
about the Earth. The early debates on uniformi-
tarianism and catastrophism by Lyell and his
contemporaries perpetuated notions of substantive
or ontological elements that are misplaced in
modern Earth science.

Because catastrophism,

strictly  speaking,

V. R. BAKER

contrasts only with the substantive doctrine of
gradualism, it is not surprising to see modern
scientists embracing its position. There is nothing
contradictory in adhering to uniformity of law plus
uniformity of process (actualism), while also pre-
ferring catastrophist to gradualist explanations of
geological phenomena. The term ‘catastrophic’
only applies to the intensity and duration of a
particular geological process. It does not neces-
sarily have anything to do with whether or not such
a process is manifest today (actualism) or even with
the well-known methodological claim that simpler
explanations are to be preferred to more complex
ones. This latter claim, sometimes called the
‘principle of scientific parsimony’, is not to mean
that some sort of high-order preference must be
accorded simpler explanations, presumably grad-
ualistic, in contrast to more complex explanations,
presumably catastrophic. Rather, it is simplicity in
terms of the more natural explanation that has
proven to be the most productive methodological
guide to scientific reasoning. Current trends that
invoke catastrophic hypotheses for geological
phenomena are best explained as a naturalistic turn
to reasoning bolstered by pragmatic approaches
that deny the older foundational concerns (Baker
1996b).

Geology is a realistic science, not an actualistic
one. A science that would limit itself to using the
present as the arbitrator of what counts as natural
evidence condemns itself to being actualistically
unrealistic. The realism in geology derives not so
much through inductive experimental contiguity as
through coherence and consistency of observation
with hypothesis. The latter, which William
Whewell termed the ‘colligation of facts’, occurs in
the complexity whereby nature is studied ‘as is’,
rather than in the artificially defined simplified
‘systems’ so as to be amenable to controlled
experimentation. To the extent that its methodology
need not mimic that of mathematical physics,
geology does not require notions of uniformity for
its successful pursuit.

My research on catastrophic flooding has been supported
over the years by grants from the National Aeronautics
and Space Administration and the National Science
Foundation. This essay is AUMIN contribution number
10.
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