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For thousands of years, religious ideas have shaped the thoughts and actions of human beings. Many
of the early geological concepts were initially developed within this context. The long-standing
relationship between geology and religious thought, which has been sometimes indifferent, sometimes
fruitful and sometimes full of conflict, is discussed from a historical point of view. This relationship
continues into the present. Although Christian fundamentalists attack evolution and related
palaeontological findings as well as the geological evidence for the age of the Earth, mainstream
theologians strive for a fruitful dialogue between science and religion. Much of what is written and
discussed today can only be understood within the historical perspective.

This book considers the development of geology from mythological approaches towards the European
Enlightenment, biblical or geological Flood and the age of the Earth, geology within ‘religious’
organizations, biographical case studies of geological clerics and religious geologists, religion and
evolution, and historical aspects of creationism and its motives.



Geology and religion: a historical perspective
on current problems

M. KOLBL-EBERT
Jura-Museum Eichstdtt, Willibaldsburg, D-85072 Eichstdtt, Germany

Corresponding author (e-mail: Koelbl-Ebert@jura-museum.de)

Today, when referring to the relationship between
geology and religion, people usually think immedi-
ately of Christian (and other) fundamentalists and
their chronic palaeontological illiteracy leading to
creationism, to intelligent design, and to a distrust
of science in general and especially geology,
palaeontology and evolutionary biology.' Thus the
relationship of geology and religion is usually con-
sidered to be under strain. However, outside this
very specific field of conflict, there does not seem
to be a relationship at all. Among geologists, as
well as among other scientists, it is not customary
to talk about one’s faith, and so it is hard to tell
whether a colleague is practising a religious faith
or at least adhering to it in private, or whether he
or she wishes to be counted among atheists or
agnostics. Such knowledge does not seem to be rel-
evant to our joint scientific efforts. Geology as well
as other sciences operates from a methodological
naturalism, regardless of whether one is an atheist,
theist, or something else. Centuries of observation,
collection and experiment have taught us to trust
these methods. We no longer expect disruptive mira-
cles to upset the chain of natural causes and conse-
quences. This is not because of any system of
belief or disbelief, it is simply from experience, and
we certainly have come a long way on this basis.

From mythological approaches to
independent geological expertise

In former times, things used to be very different,
and for most of human history the observation of
geological phenomena and the acquisition of geo-
logical expertise was intimately connected with
religious ideas. Earthquakes and volcanoes, tower-
ing mountains and conspicuous rock formations,
fossils and ore veins were regarded either as due
to direct divine action and intervention or as mani-
festations of the divine itself (Mazadiego et al.;
Barbaro). It was God (or Gods), who had created
the Earth as ‘home’ for humans, providing the
necessary resources (animals and plants, but also
water, rocks and metals), or who might be suspected
to exert punishment on sinners by means of natural
disasters (Ko6lbl-Ebert 2005; Udias on earthquakes).

Although accepting flint and pyrite in prehistoric
time, or later copper and other ores, to be gifts of
divine providence (Norris) is some sort of expla-
nation for their existence, that assumption was
clearly not sufficient to enable adequate strategies
for the search for new deposits to be devised. Obser-
vational skills and arrangement of observations
according to rules and guidelines (involving the for-
mulation of theories) were required, and eventually
such knowledge was accumulated and became part
of the craft knowledge of miners.

Also, from an intellectual point of view, invoking
divine action as a general and all-fitting explanation
of phenomena was unsatisfying for an intellectual,
and even for the devout theist who would like to
know how God ‘did it’. After all, curiosity is a decid-
edly human trait. For this more theoretical part of
‘geological expertise’, the late Medieval and Renais-
sance intellectual world turned to the remnants of
much older knowledge, that of the antiquity, which
apparently had been a golden, better and much
more knowledgeable age, judging from the ruins
that were still around. Why not trust the explanatory
power and authority of ancient texts (including the
Bible) that had been produced by these obviously
advanced civilizations?

This intimate link between early geo-theory and
Christian philosophy proved to be very fruitful for
some time, because the Christian tradition of visua-
lizing the history of humans on Earth from the
creation, via global revolutions such as the biblical
Flood up to historical times (Rudwick 1992;
Magruder) and the Judaeo-Christian sense of a
finite Earth history (Rudwick; see also Rudwick
2005) prepared the ground for accepting the
Earth’s different strata as testimony to the develop-
ment of our globe through time. It was this religious,
theological framework from which the early geology
started to evolve, and that provided the tools used in
popularization of the new science of the seventeenth
century. It is understandable why, for example,
geological phenomena such as erratic blocks and
other debris covering much of Europe were initially
seen as a consequence of events mentioned in the
Bible and other ancient texts. However, with incre-
asing observations there was a growing mismatch
between what was expected according to ancient
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2 M. KOLBL-EBERT

authorities (Godard; Luzzini) and the actual data.
This was not necessarily a problem, since influential
theologians, such as Augustine of Hippo (AD 354—
430) or the medieval theological scholar Thomas
Aquinas (1225-1274), knew that biblical texts
needed to be interpreted and that adopting a naive
literal reading might do more harm than good to
the Christian faith:

In discussing questions of this kind two rules are to be observed, as
Augustine teaches. The first is, to hold to the truth of Scripture
without wavering. The second is that since Holy Scripture can
be explained in a multiplicity of senses, one should adhere to a par-
ticular explanation only in such measure as to be ready to abandon
it if it be proved with certainty to be false,” lest Holy Scripture be
exposed to the ridicule of unbelievers, and obstacles be placed to
their believing (Aquinas 1273, Ist part, question 68).

Subsequently, attempts to reconcile the growing
timescale of geology with biblical chronology
became widespread in the eighteenth and nineteenth
centuries. The most popular, apart from more meta-
phorical interpretations of the biblical creation
stories, were possibly the ‘gap theory” (or ‘chaos/
restitution theory’?), claiming an indefinitely long
time span between Genesis 1: 1-2 or 2—3 and the
‘day—age theory’ (or concordance theory), which
interpreted the days of biblical creation as seven
long eras, which might be equated with different
geological formations (see Roberts, on Sedgwick).*

Geology and religion drifting apart

The release of geology from religious connotations
or associations was a development closely con-
nected with the Enlightenment, when geology and
religion started to drift apart not with a violent
rupture but in a subtle and sometimes circuitous
manner. The Enlightenment was not about science
versus religion, nor just about reason against super-
stition, as some of us may have learned at school.
Enlightenment was much more about emancipation
from the unquestioned, antique authorities, trusting
your senses and your own reasoning, and regarding
problems (including social, political, and psycholo-
gical) as being solvable by natural means and the
application of reason. Not only did science, medicine
and technology prosper through the Enlightenment
but philosophy and theology also developed new
methods (Sheehan 2005; Ostermann), employing
other academic disciplines such as linguistic studies,
philology, history, archaeology, and even science.
The scholarly skills and methods that theology
acquired in turn inspired geology through the numer-
ous geological clerics who shaped early geology
around the beginning of the nineteenth century
(Rudwick; Roberts on Sedgwick), especially where
the age of the Earth and the nature of the supposed
relics of the geological ‘deluge’ were discussed.

From case studies such as those by Luzzini,
Pinto & Amador, Schweizer, Lewis and Taquet, it
can be seen how the geological features (which
were later reinterpreted as traces of an Ice Age) were:

eventually recognized as having been far earlier in Earth history
than any event recorded by literate human societies. Among
geologists, although not always among the wider public, this
gradual dissociation between biblical Flood and geological
deluge was generally amicable, not acrimonious. It was facilitated
by the concurrent development of biblical scholarship, which
showed that earlier literalistic interpretations were no longer
tenable (and were also destructive of religious meaning). What
was transposed into geology in the course of these debates was
the strong Judaeo-Christian sense that the world has had a direc-
tional and contingent history, which might have been punctuated
by occasional catastrophic events (Rudwick).

However, outside the group of people with geo-
logical expertise, not all was smooth and peaceful,
and some conservative clergymen as well as layper-
sons were shocked by the new ideas that came with
geology: the immensity of the timescale, a dynamic
Earth, not just a ruin shaped by the Deluge, and a
dynamic biology along with the Darwinian theory
of evolution, which was founded in part on palacon-
tological evidence and the assumption of a long
geological timescale.

Two such skirmishes make an especially good
story, and therefore are often retold. Dean Cockburn
of York (1774-1858) took the opportunity of
the 1844 meeting of the British Association for
the Advancement of Science (BAAS) in York to
attack William Buckland (1784—-1856) and Adam
Sedgwick (1785-1873) (see Roberts), two influen-
tial clerical geologists, who were not orthodox
enough for his taste. However, they were not the
only people Cockburn publicly abused. The science
writer and mathematician Mary Somerville (1780—
1872), for example, wrote in her autobiography:

Geologists had excited public attention, and had shocked the
clergy and the more scrupulous of the laity by proving beyond a
doubt that the formation of the globe extended through enormous
periods of time. The contest was even more keen then than it is at
the present time about the various races of pre-historic men.
It lasted very long, too; for after I had published my work on
Physical Geography [in 1848], I was preached against by name
in York Cathedral. Our friend, Dr. Buckland,
himself by taking the clerical view in his “Bridgewater Treatise™;
[Buckland 1836] but facts are such stubborn things, that he was
obliged to join the geologists at last (Somerville 1873, p. 129).

committed

Even more notorious was the debate between the
Bishop of Oxford, Samuel Wilberforce (1805-—
1873) and Thomas Henry Huxley (1825-1895) on
evolution and Charles Darwin’s (1809—1882) new
book On the Origin of Species (Darwin 1859) at
the BAAS meeting in Oxford in 1860. Closer
inspection of the case, however, makes clear that
this piece of history was not about simple ‘war’
between science and religion, as such, but that
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clerics were present on both sides (James 2005), and
that the dissociation involved just as much an
‘internal’ theological debate about how to interpret
the Bible as a battle between science and religion.
Although the wealthy and independent British
gentlemen geologists of that time had little to fear
from such skirmishes, things were much more
difficult for those early professional geologists
who happened to be dependent on religious auth-
orities. For example, the botanist and geologist
James Buckman (1814-1884) lost his job, a
professorship at the Royal Agricultural College in
Cirencester, because he provided evidence for the
variability of plants and was cited favourably by
Darwin. His boss, a theologian, obviously was not
pleased with the promulgation of such ideas at his
college (Torrens).

Such are the dangers wherever science is not
independent but is conducted under the ‘umbrella’
of an institution that sets other priorities.> Then con-
flicting loyalties may lead either to corruption of
science or to censorship, as in the Buckman case,
although this is not inevitable. Some hundred years
of seismological research by Jesuits, for example,
have yielded considerable scientific fruit, acknowl-
edged widely by the scientific community, without
any obvious problems between the scientific and
spiritual life of the people involved (Udias).

Many religious centres of learning used to
teach not only theology and philosophy to their
students but also science. For example, the (Roman
Catholic) Bishop’s Seminary in Eichstitt (Germany),
which hosted the 2007 INHIGEO meeting, was
re-established in 1843 after the turmoil of seculari-
zation. In 1844, among the first things done by the
seminary was the purchase of a scientific collection
to be used as a teaching aid, as the theology students
were required to study not only all the relevant
theological subjects but also philosophy, history of
philosophy, psychology, history, physics, chemistry,
natural history (including biology, anthropology,
geology and mineralogy) and pedagogy. The lec-
tures were given by men who were priests as well
as scientists (see, e.g. Viohl). The motivation for
this was basically a continuation of the older idea
of natural theology (see, e.g. Bork): studying God
not only in the Bible but also in the ‘book of
nature’; and also to simply stay ‘up to date’.

Although teaching of natural history at Eichsttt
was discontinued in the late 1960s, the Seminary
still hosts a splendid palacontological collection of
fossils from the Solnhofen Limestone (accessible
to and frequently visited by various fossil special-
ists), and it co-finances the Jura-Museum Eichstétt,
which has among its holdings the famous Eichstitt
specimen of Archaeopteryx on display in an exhibi-
tion on bird evolution, a specimen that belongs to
the Seminary and thus to the Church.

From such basic openness towards science, and
especially geology, we may gather that historical
conflicts have often originated not necessarily
from theological or scientific reasons alone, but
have at times been enhanced by personal antipathies
or peculiarities. So it is valuable for a historian of
science to investigate the biographies of geologists in
all their depth, highlighting not only scientific achieve-
ments but considering also the spiritual life of the pro-
tagonists (Roberts on Sedgwick, Branagan, Mayer,
Viohl, Seibold & Seibold and Turner).

Creationism

Considering the somewhat strained relationship
between geology and a certain variety of religion
that currently exists, we might ask why and when
such conflicts originated, because the creationism
we face today is a fairly recent phenomenon
(see Roberts, both papers). Historically, conflict
between geology (or science in general) and reli-
gion has often developed from questions about
power and (church) politics. It was in times of
crisis that religious authorities tended to react with
suspicion to any kind of science that seemed to
undermine their influence and to collide with tra-
ditional teachings. This is particularly apparent
when reviewing the relationship between the
Roman Catholic Church and geology (or science
in general), be it the often-cited Galileo case in
the aftermath of the Reformation (Ostermann) or
the minor skirmishes that took place after the
secularization of the early nineteenth century
(Klemun) or during the Kulturkampf (culture struggle)
around the start of the twentieth century (Vaccari).
At present, there is a certain lingering sympathy
(for example, on the part of Cardinal Schonborn
of Vienna) for intelligent design (e.g. Horn &
Wiedenhofer 2007),6 much to the distress of many
academic theologians (see www.forum-grenzfra-
gen.de; compare also Ostermann), which airs a
deep distrust of the secular world with its apparent
loss of moral values (and concomitant neglect of
moral authorities) and spiritual meaning. Although
Cardinal Schonborn has publicly dismissed crea-
tionism as nonsense, he does not seem to be aware
of the historical roots of intelligent design, which
began in the late 1980s as a case of camouflaging
the religious nature of creationism to gain access to
the US educational system (see www.talkorigins.
org/, www.talk.design.org/; see also Roberts (an
Anglican priest’s perspective)). It seems that intelli-
gent design is regarded by Schonborn as a suitable
way to give (alleged) scientific blessing to faith,
and thus rationalize it by means of scientific or philo-
sophical argument. For this purpose, intelligent
design, whose scientific sounding rhetoric is not
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easily exposed by the average theologian, seems to
be a more suitable ally than mainstream science.
Readers may want to contemplate the similarities
of this modern case of apologetics and the pro-
motion of Neptunism in late eighteenth-century
Italy (Candela).

The more traditional creationism was, until
recently, a mostly Protestant feature (Young and
Moshier et al.). However, it is no longer a
problem of minor free churches but also occurs
increasingly in mainstream Protestant churches to
a worrying extent (see Hemminger 2007; Roberts).

People become (or remain) creationists for many
reasons. Peters explores one reason which seems to
be especially relevant to the US situation:

[W]hat unites the radical creationists is a need to declare God
innocent of the charge of creating an already fallen world, a
world full of suffering and death and futility from the beginning.
Large numbers of Westerners profess belief in God; I will argue
that what separates radical creationists from the rest is their con-
viction that contemporary scientific orthodoxy renders belief in a
loving, personal Creator deeply implausible, and a burning
desire to make it less so.

The immense diversity of opinions among creation-
ists regarding geology, palacontology and evolution
‘can be accounted for by the fact that radical crea-
tionism is organized around and motivated by a
quest to show God [to be] innocent of natural
evils’ (Peters). The natural evil is blamed on the
sinfulness of humans instead.

However, there are other factors, apart from
problems with theodicy, which should not be neg-
lected. The motto of the Enlightenment, sapere
aude or ‘dare to know’,” causes fear in some
people: fear of taking up the responsibility that
comes with freedom and that is then delegated else-
where, either to religious authorities or, these days,
to secular (scientific or esoteric) experts. Simple
answers are what such people crave, and creation-
ists, and the ever-increasing business of ‘esoteri-
cism’, provide ostensibly simple recipes for life as
well as a feeling of (false) security in a world that
is difficult to understand and to manage.

It is the fear of the secular world, with all its
complicated decisions to be made for oneself, the
fear of getting lost in the maze of theological and
spiritual possibilities, where no one tells you what
to do or what to believe, the fear of losing sight of
moral values and spiritual meaning in an economic
system where value is attached only to money and
productivity, that encourages the expectation of
the apocalypse around the end of the second millen-
nium after Christ, with its strange and dark mixture
of dread and satisfaction in those who hope to be
caught in ‘the rapture’. Of course, there are also
those who make money and gain political influence
by exploiting the spiritual needs, troubles and

sometimes despair of unsophisticated people
(Hedges 2006). This has also been noticed by the
Council of Europe, which on 4 October 2007
passed a resolution (Number 1580) on the dangers
of creationism in education, pointing out that:

The total rejection of science is definitely one of the most serious
threats to human and civic rights. ... The war on the theory of
evolution and on its proponents most often originates in forms of
religious extremism closely linked to extreme right-wing political
movements. The creationist movements possess real political
power. The fact of the matter, and this has been exposed on
several occasions, is that some advocates of strict creationism are
out to replace democracy by theocracy (Council of Europe 2007).

Uneducated people are easy prey for the political
wing of the creationist movement. Their desire for
security or theodicy is satisfied neither by science
nor by modern scholarly theology (Peters), and
they are usually unaware of the achievements of
both science and post-Enlightenment theology
(Ostermann and Roberts).

From my personal involvement with young
theological students at the Catholic University of
Eichstitt-Ingolstadt (Germany), 1 often get the
impression that many of them do not really have
an idea of what science means and how it works,
and why should they? In school, their teachers
knew everything and they simply had to believe
them. Their textbooks told them what to learn by
heart for use in the examinations. They studied
physics, chemistry and biology but never conducted
an experiment without knowing how it would turn
out, and never asked a question or researched it
themselves by observations or other means. How
should they understand the difference between a
physical or biological problem and the opinions
offered in a newspaper or some dogma of the
Church?® It is not only the deeply religious who
are affected by this ignorance. In Germany, and as
far as I understand, in other countries too, we also
have a huge surge in ‘esotericism’.

It is important to question not only the way
we teach science (Pigliucci 2007) but also how we
teach and reflect about religion and faith, as there
may be another reason contributing to the problem
of creationism. Science is not atheistic as such,
but it may be damaging to the simple faith of our
childhood. Embarking on the adventure of science
will necessarily shake this belief, but by persever-
ance on our personal path in science, casting away
easy answers and unreasonable superstitions, we
might gain more than we lose and our faith may
grow stronger and more mature. In the words of
the former director of the Vatican Observatory,
George Coyne:

I would essentially like to share with you two convictions ... :
(1) that the Intelligent Design (ID) movement [or other forms of
creationism], while evoking a God of power and might, a designer
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God, actually belittles God, makes her/him too small and paltry;
(2) that our scientific understanding of the universe, untainted by
religious considerations, provides for those who believe in God
a marvellous opportunity to reflect upon their beliefs.

So why does there seem to be a persistent retreat in the Church
from attempts to establish a dialogue with the community of scien-
tists, religious believers or otherwise? There appears to exist a
nagging fear in the Church that a universe, which science has
established as evolving for 13.7 x 1 billion years since the Big
Bang and in which life, beginning in its most primitive forms at
about 12 x 1 billion years from the Big Bang, evolved through a
process of random genetic mutations and natural selection,
escapes God’s dominion. That fear is groundless. Science is
completely neutral with respect to philosophical or theological
implications that may be drawn from its conclusions. Those con-
clusions are always subject to improvement. That is why science
is such an interesting adventure and scientists curiously interesting
creatures. But for someone to deny the best of today’s science on
religious grounds is to live in that groundless fear just mentioned
(Coyne 2005).

Conclusion

From such thoughts, and of course the papers
assembled in this volume, the reader may gather
that the relationship between geology and religion
is much more complex than might be supposed at
first glance. Both geology and religion have
evolved through time, often intensely entwined,
and mutually influencing one another. For much
of the time needed for the development of geologi-
cal methods and expertise, geology and religion
cannot be considered separately by historians of
science, as the historical protagonists were often
both geologists and theologians; and in other
cases the theological laymen among early geol-
ogists considered their geological discoveries in
the light of their faith.

With these historical considerations in mind, we
may better understand the current situation and offer
a dialogue between geology and modern theology,
bearing in mind that the current debate, if there has
to be one, should not be about geology versus theol-
ogy but about enlightenment versus fundamentalism.
It is important that geologists should be aware that
many theologians are just as appalled by the recent
rise of Christian fundamentalism as they are.

The papers assembled in this book were presented at the
annual conference of the International Commission on
the History of Geological Sciences (INHIGEO), which
took place in Eichstitt (Germany) from 28 July to 5
August 2007. I wish to thank my staff at the Jura-Museum
Eichstitt, who helped organizing the event, and the
Bishop’s Seminary in Eichstitt, and especially the
Rector Dr J. Gehr, who cordially and amiably welcomed
us all, geologists, geohistorians and theologians, Chris-
tians, Muslims, Buddhists, Shinto, atheists, agnostics and
who knows what else, in the Seminary’s splendid rooms.
My thanks go also to all the contributing authors; it has

been most pleasant to work with you all. Finally, I am
much indebted to those who provided valuable reviews of
the papers or, in the case of Anglophones, also helped to
correct not only my English but also that of the contributors
whose first languages are not English: P. Barbaro, K. Bork,
B. Cooper, B. Fritscher, M. Klemun, S. Knell, L. Laporte,
S. Newcomb, K. Magruder, S. Moshier, R. O’Connor,
D. Oldroyd, M. Ostermann, M. Roberts, M. Rudwick,
P. Taquet, K. Taylor, E. Vaccari, P. Wyse-Jackson,
M. Yajima, D. Young and four anonymous reviewers.

Notes

'Outside the USA, this is a new phenomenon. In Germany,

for example, the debate reached the media only about 5
or 6 years ago. There has always been a small group of
creationists among Jehovah’s Witnesses, Seventh-day
Adventist or certain evangelicals, but they have been an
almost silent minority. Now there is a vocal minority
striving for publicity.

’This is the idea of ‘falsifiable theology’, a notion that
possibly every scientist should be able to live with.
3S0 called, because after the initial act of creation (‘In the
beginning God created the heaven and the earth’; Genesis
1:1), the ‘Earth was without form’ (Genesis 1:2, i.e. it was
chaotic), and only later, starting with day 1 and the
creation of light, was the Earth moulded into the planet
we know today, implying a time gap either between the
initial creation (of a perfect Earth) and rendering it
chaotic (with later restoration of a habitable Earth) or
between an initially chaotic Earth and the ordering
process of days 1 to 6. Other creationists prefer to
locate the time gap within Chapter 2 of Genesis after
the seventh day and before the account of the fall of
Adam and Eve.

“Historians of science must be aware of their own
subjective religious worldview, which may sometimes
influence their interpretation of such pre- or proto-
scientific ideas. For a case study see Oldroyd.

SThis need not necessarily be a traditional religious
institution (see, e.g. Zhang & Oldroyd).

S1t is disturbing that Russell et al. (1998), documenting a
highly professional and inspiring interdisciplinary
conference on evolutionary and molecular biology, which
had been organized and hosted by the Vatican
Observatory, was not quoted in this book, pointing to a
serious neglect of the previously intense interdisciplinary
and ecumenical dialogue between science and religion
that existed under Pope John Paul II.

A phrase from Horace, used by Immanuel Kant (1724
1804) in his essay ‘What is Enlightenment?’ (Kant 1784).

80n the other hand, the media expose students to scientists
who argue for philosophical atheism (e.g. Dawkins
2006), depicting it as a logical consequence of scientific
method, an opinion that obviously has much to answer
from a philosophical or theological point of view. This
kind of atheism immediately proves to be counter-
productive. The students are only strengthened in their
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prejudice that ‘science is just as dogmatic as those
scientists claim religion to be’, and they cannot fail to
note that the scientists have at best a shaky grasp of
modern theology and ignore its manifold attempts at a
fruitful dialogue between science and religion (see
Russell et al. 1998; Peters & Hewlett 2003; Schirtl 2008).
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Abstract: The paper considers issues arising when historians of different theological persuasions
write about geologists whose religious principles influenced their geological work. For illustrative
purposes, three accounts of the work of Jean-André de Luc are discussed, written by a freethinker
(Charles Gillispie); an Anglican (Martin Rudwick); and two co-authors, one a Calvinist (Francois
Ellenberger) and the other an atheist (Gabriel Gohau). The issue of understanding or empathizing
(or otherwise) with one’s subject in writing the history of geology is raised. It is suggested that the
accounts of de Luc discussed here show the marks of the religious views of the different historians.
In discussing this suggestion, the concepts of ‘emic’ and ‘etic’ from cultural anthropology are
deployed. (These terms indicate, respectively, an ‘insider’s’ or an ‘outsider’s’ approach to a
subject.) Older geological writings commonly reflected their authors’ religious perspectives; but
this is much less common in modern work. Therefore the science—religion issue will become
of less importance for historians writing about the history of geology for the twentieth

century onwards.

An author’s philosophical position when studying
the history of science is as important and potentially
influential as that involved in studying any other
intellectual activity. My position is that of ‘natural-
ism’; and I am an atheist. Reasons for being an atheist
are discussed at book length in many texts, for
example the provocative and controversial books by
Dawkins (2006) or Hitchens (2007). A brief statement
of my own position, which is pretty much the same as
that of these two authors, has been given elsewhere
(Oldroyd 2005). I acknowledge that philosophical nat-
uralism cannot be proved, but I believe that it is an intel-
lectually honest position, and best for both scientists
and historians. The situation is different for (say) politi-
cal historians. One can write from a liberal or conserva-
tive perspective, both of which can have legitimacy. So
either a liberal or a conservative account of, for
example, World War I can be instructive and the two
can complement one another. Neither should have an
‘absolute’ superiority. Is the situation similar for histor-
ians of different philosophical or religious persuasions
writing about the history of the Earth sciences?

In this paper I examine some writings in the
history of geology, suggesting how they appear to
me to be influenced, for better or worse, by the phi-
losophical or religious perspectives of the historians
concerned. My discussion is illustrated by consider-
ation of some writings on the Genevan naturalist
Jean-André de Luc (1727-1817). The question of
empathizing (or otherwise) with the persons about
whom one is writing is raised, along with some
wider questions of historiographic practice.

Stephen Gould (1997) attempted to argue that
scientific knowledge and spiritual knowledge belong
to two mutually exclusive categories or domains,
which he dubbed ‘non-overlapping magisteria’.
However, as John Hedley Brooke pointed out at the
XXII International Congress for the History of
Science in Beijing (24—30 July 2005), this is implau-
sible for anyone (including Gould) who holds that
the form of science is inescapably shaped by the
social context within which it is developed. Clearly,
there has been a huge amount of ‘overlapping’ in the
history of geology, especially in the earlier stages of
its development. If, then, the ‘magisteria’ do overlap,
then any scientist or historian of science should try to
get the philosophical—religious—spiritual issues right.
We cannot evade the problems simply by invoking
Gould’s ‘dichotomy’.

Anachronism and the problem
of analysing religious practices
and phenomena

It is obvious that much important science has been
produced by religious people. Steno, Faraday,
Lyell, etc., provide striking examples. So in
studying the history of science, and specifically
geology, the atheist historian should not auto-
matically judge past science that was conducted
within a religious context in a negative light,
simply by reason of that context. To do so can
lead to historiographical anachronism and biased,
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inaccurate history. So, although I think that, for
example, what Thomas Burnet (c. 1635—1715)
suggested about the Earth’s history was false, I do
not judge him adversely on that account. He was a
product of his time and place, and he thought in a
way similar to many educated Englishman in the
seventeenth century. My task, as a historian of
science, is to understand what he wrote, and to
explain how it fitted into the context of his time.
However, it is also appropriate for me to say why I
think he got things wrong; and the reasons had to
do with his religion and its political associations as
much as the limited empirical knowledge about the
Earth that was available in the seventeenth century.

I have suggested above that one should have a
‘correct’ philosophical (or metaphysical) position
in order to write good history. However, this may
seem presumptuous, for who is to judge what is
philosophically ‘correct’? And can atheists ever
write about religion satisfactorily if they have never
experienced whatever it is that religious people say
they experience? This is a problem.

Anthropologists ~ distinguish  between two
approaches to their subject, for which they use the
terms ‘emic’ and ‘etic’.! The researcher adopting
the emic approach tries to understand the cultural
distinctions that are meaningful to the people
being studied. However, strictly, only the
members of the culture themselves can properly
understand the practices and beliefs of that culture
and which category distinctions are significant or
relevant to it. Therefore the emic anthropologist
should learn the language of the people being
studied and should perhaps ‘become a member of
the tribe’ at least for a time. This is the ‘insider’s’
approach. It involves or requires empathy on the
part of the investigator for the people being studied.

In contrast, the ‘etic anthropologist’ studies a
culture as an ‘outsider’. The categories used in the
description are ones that have meaning or significance
for the outside observer, although they may seem
absurd to the insider. A classic example of such an
approach in the ‘science studies’ was provided in
the book Laboratory Life (Latour & Woolgar 1979),
although it was in a sense ‘emic’ in that the two
authors had joined a research laboratory as lab assist-
ants for a period to see what went on in scientific
research. This guise gave them (I suppose) a kind of
invisibility in the laboratory. However, they had
ideas about what was going on that were completely
different from those of the scientific researchers.
The latter, if asked, would have said that they were
examining the chemical substances produced by
brains in very small quantities and the physiological
effects produced by these substances. However, for
Latour & Woolgar the researchers’ main activity
appeared to be writing, getting things published, and
getting other scientists to agree with their results and

their arguments. Latour & Woolgar’s interests were
‘etic’ in character. Likewise, Dawkins and Hitchens,
mentioned above, evidently take an etic approach to
their topic, and apparently without empathy.

So Christians may, and often do, assert that the
outsider who has no experience of Christian spiritual-
ity cannot understand its nature and hence cannot
comprehend the essence of Christianity. They reject
external analysis as being uninformed and therefore
misguided, and consider that the non-Christian is
not in a position to understand what Christianity is
all about. The more positivistic etic student of the
sociology of religion would say, however, that inter-
esting generalizations can be made about religious
practices by those who do not adhere to the faiths
of the people studied. The etic anthropologist can
examine the empirical aspects of ritual, the efficacy
of prayer, the truth or falsity of miraculous claims,
the philanthropic activity of believers and non-
believers, ecclesiastical architecture, and so forth.
They can examine the philosophical and scientific
coherence or intelligibility of religious doctrine, and
the social effects of religious beliefs. They may
well regard theology as a ‘science’ about ‘nothing-
ness’, or a discipline with nothing to study, for the
simple reason that God does not exist. So it is a non-
science, or ‘a nonsense’. This is almost akin to Blon-
dlot’s poignant study of non-existent ‘N-rays’ (there
is a large literature on this topic; see, e.g. Klotz
1980). However, they can still say interesting things
about religion, religious practices, and the sociology
of religion.

Any historian, regardless of their special field of
interest, is inevitably driven in the direction of etic
studies. We cannot fully enter the minds of the
people of the past whom we study. Not even
today’s committed Christian can fully enter into the
thoughts of long-past, devoutly Christian scientists,
or become a member of the community of
seventeenth-century theorists of the Earth, such as
Burnet. One cannot conduct wholly emic studies of
the past, although I would accept that the Christian
can probably ‘get closer’ to Burnet than I can.

As regards geology, I have urged in print that geo-
historians should, as far as possible, put themselves
‘in the boots’ of the geologists being studied, by visit-
ing the localities they visited, looking at the fossils or
rock specimens that they collected, and so on
(Oldroyd 1999). Such activities assuredly help his-
torical understanding, but still provide only a partial
and imperfect aid to ‘emicity’.

Nevertheless, do empathy and ‘emicity’ produce
more ‘valid’ or accurate interpretations, or ‘better’
history? We cannot hope to achieve a ‘perfect his-
toriography’, but is ‘emicity’ helpful or preferable
for writing about former geologists whose work
was strongly influenced by religious beliefs and a
religious environment?
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The case of Jean-André de Luc

To focus our attention more closely on these ques-
tions, I now consider a specific case in the history
of geology, that of the Genevan naturalist
Jean-André de Luc (1727-1817). Three accounts
of him will be discussed: by Gillispie (1959),
Rudwick (2001) and Ellenberger & Gohau (1981).
Charles C. Gillispie was and still is a freethinker
(Gillispie, pers. comm.). Francois Ellenberger, now
deceased, was a Calvinist and Gabriel Gohau is an
atheist (G. Gohau, pers. comm.), whereas Martin
Rudwick is an (Anglican) Protestant (Rudwick 1998).

Charles Gillispie

I first heard of de Luc when I read Genesis and
Geology (Gillispie 1959) in the early 1960s.
Already then an atheist, I was ‘charmed’ by the
negative account of de Luc for it suited my intellec-
tual outlook. I enjoyed being told that religious folk
such as Richard Kirwan and de Luc produced what
Gillispie evidently regarded as stupid geology.
However, I did not at that time read de Luc
himself, for I was not then thinking of becoming
a historian of science, and even when I did become
one I focused my attention on other topics. Recently,
in preparing for the present paper, I wondered what
Gillispie’s religious opinions were. It seemed to me
that he was almost certainly an atheist or agnostic,
so I wrote to him and enquired about the matter. It
was no surprise to learn that he was and is a free
thinker, although whether an atheist or agnostic he
did not say (C. C. Gillispie, pers. comm.). It was
what I had expected to be the case on the basis of
his book.

Gillispie (1959, p. 58) pointed out that de Luc
divided the Earth’s history into two distinct parts:
(1) the period prior to the formation of the present
continents; (2) that which followed. Gillispie gave
a good deal of attention to the earlier phase, in
which he envisaged the Earth’s crust as being
‘laid down in six successive stages’ (in accord
with Mosaic history, although according to de Luc
his analysis was based on sound empirical evidence
and was independent of the book of Genesis). More-
over, ‘[t]hough Deluc never acknowledged it, these
stages present[ed] only minor modifications in the
standard Wernerian formation suites’ (Gillispie
1959, p. 58). Gillispie’s account of de Luc’s
‘tectonic’ theory of the divide between the two
parts of Earth history was as follows:

Four thousand years ago, however—using 1800 as the datum—
there took place the notable event which produced the present
state of the world. Previously our continents had been the
bottom of the sea. Then quite suddenly, the ancient land subsided
in a catastrophic convulsion, the waters poured onto the newly

sunken areas, and the modern continents were left exposed.
Only a few primordial islands, now become mountain tops,
escaped depression and preserved the continuity of vegetable
and animal life. Deluc had to spare these islands, because he
was too honest to ignore the known deposits of terrestrial fossil
forms overlying, here and there, marine remains. Fortunately
for him no human relics had yet been found in them (Gillispie
1959, p. 59).

Gillispie went on to underscore the point that de
Luc believed that his ‘modern’ geology (the term
that he himself coined,” although Gillispie did not
mention this) provided scientific confirmation of
Mosaic history, which showed to de Luc’s satisfac-
tion that that history was not just a myth. Moses got
the story right because he was divinely inspired.

If de Luc’s account of pre-catastrophe geology
was achieved through a combination of observation,
Wernerian theory, and reading of Genesis, which
(as Gillispie would have us believe) was by no
means ‘purely’ scientific, what of his account of
post-catastrophe geology (the date of the cata-
strophe, or the biblical Flood, being set at 2200
BC)? This date was arrived at by the use of what
de Luc called ‘natural chronometers’ such as the
estimate for the times taken to build deltas into
lakes, form peat deposits, and so on. Gillispie
had little respect for de Luc’s efforts in this direc-
tion, describing the part of his work where they
appeared as ‘one of the weakest sections’ of de
Luc’s Treatise:

[Tlhese chronometers were very vague. They were connected
somehow with the rate at which currently observable causes
operate. Here is the one point where the reader wonders whether
Deluc really could have believed in his own objectivity. Probably
he did, however. In any case, he had very little choice, for if the
continents had been formed in time out of mind, obviously
Genesis could not be historically true (Gillispie 1959, p. 65).

So de Luc was treated with little sympathy by a
geohistorian of the 1950s.

Perhaps not even consistently, Gillispie wrote
further:

And if his [de Luc’s] system was only a theological exercise, at
least he never formally introduced his conclusions into his argu-
ment. The deluge, however, must be literal: man was represented
as remembering it, and it had to be such that man could remember
it (Gillispie 1959, p. 66).

So, it seems to me, Gillispie was also saying that de
Luc obtained his dates for the time since the Deluge
by reference to the Bible as much as the evidence of
lake infillings. Therefore he probably was introdu-
cing his conclusions into his arguments.

With these considerations in mind, it seems to
me that Gillispie was anything but ‘emic’ with
respect to de Luc’s thinking. Perhaps he understood
what de Luc was doing, but he did so with the
advantage of hindsight. Gillispie’s historiography
was anachronistic and whiggish (although by the
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historiographic standards or practices of the 1950s it
was perhaps as might be expected). He said more
about de Luc’s antediluvian geology than his post-
diluvian, and played down, or even denigrated,
the significance of the latter. Gillispie apparently
did not empathize with de Luc at all.

If not emic, was Gillispie’s historical analysis
‘etic’ in character? Was he an impartial and dispas-
sionate reporter of the historical record? I think not.
Although it might seem, from his analysis of de
Luc, Kirwan, Robert Jameson, and others, that Gil-
lispie was discerning a kind of law-like pattern in
the behaviour or thinking of ‘physico-theologists’
of the late eighteenth or early nineteenth centuries
he did so through the prism of his own metaphysical
views, which meant that his account was not histori-
cally objective. He was, so to speak, dealing with
two distinct ‘tribes’: the fideists such as de Luc
and the deists such as Hutton. One metaphysic
could not fit both tribes.

Martin Rudwick

Since Gillispie’s book appeared, de Luc’s
reputation has been substantially restored by the
Cambridge geohistorian Martin Rudwick, who
has described what de Luc did within the frame of
his religious perspective in several publications
(e.g. Rudwick 1972, 2001, 2005). As a Christian,
Rudwick is evidently much more sympathetic to
de Luc than was Gillispie, and I think Rudwick’s
religious proclivities have provided a valuable
motivation for giving de Luc a sympathetic
hearing and a clearer understanding of what he
was about and what he achieved. Rudwick can,
compared with Gillispie, be ‘emic’ as regards de
Luc, even though he obviously cannot join or live
with the ‘fideist tribe’ of physico-theologists of
de Luc’s time.

In Bursting the Limits of Time, Rudwick (2005)
sought to describe the emergence of geology as a
science around 1800; and he saw the emergence
of what he called ‘historical thinking’ as being the
thing that mattered in that emergence. (Whether
that is correct is discussable. It need not be
debated here, but see Oldroyd (2006).) This emer-
gence of modern geoscience occurred at a time
when there was much interest in ‘Flood geology’
and the biblical Flood was commonly seen as an
important geological agent. For one such as
Gillispie, Flood geology was something that
retarded geological progress (although it did give,
in Darwin’s words, a theory with which to work).
For Rudwick, in contrast, geology emerged from
within the context of discussions about the Flood
(among other things) as much as in opposition to
them. However, he argued that there were many

strands to the emerging ‘historicization’ of
geology (see Oldroyd 1979). These have been
teased out in Rudwick’s immensely detailed inves-
tigations, and then interwoven in his narrative. The
new breed of geologists began to think historically
about the Earth and dig into it, to examine its
archives, just as they excavated at Herculaneum
and Pompeii to find out what happened in Roman
history. Thus the emergence of historical geology
was seen by Rudwick to be part and parcel of a
general intellectual movement in the latter part of
the Enlightenment.

Rudwick has given numerous examples of the
emergence of this geohistorical approach.
Researchers had to piece together all the elements
of the story of the Earth’s history by looking at frag-
ments of evidence in the form of, for example,
layered lava flows, different fossils characteristic
of different environments (e.g. fresh water or
marine), or different rock types (such as coal,
limestone or sand). So, in the work of Cuvier &
Brongniart (1808, 1811) we see the story of the geo-
history of the region of the Paris Basin unravelled.
In their work, the present was used as the key to
the past (actualism).” The work on the gradual
reconstruction of the geohistory of the Paris Basin
has been described in detail by Rudwick, with the
contributions of the many who were involved
duly recorded.

Let us here consider particularly the case of
de Luc in the historicization of the study of the
Earth. He is given considerable attention in Burst-
ing the Limits of Time (Rudwick 2005). However,
for the present purposes, it will be more convenient
to focus on an earlier paper by Rudwick (2001), as it
was specifically concerned with de Luc, and
Rudwick’s ideas of 2001 were carried over into
his large book of 2005. Rudwick coined the useful
term ‘binary history’ to refer to de Luc’s geohistory.
There was pre-Flood time of indefinite extent; and
post-Flood time, which by de Luc’s calculation
might have lasted about 4000 years. Rudwick
chose to focus largely on the post-Flood geology,
which had been treated so dismissively by Gillispie.

The calculations of the extent of post-Flood time
were, as mentioned above, made on the basis of
such phenomena as the infilling of lakes by the
growth of deltas at measurable rates or the accumu-
lation of peat. The accumulation of screes was also
considered. Such processes served as de Luc’s ‘geo-
chronometers’. They relied on the theory of actual-
ism, plus the theory that modern geohistory started
post-Flood, following crustal collapses of the areas
that are now occupied by oceans and when what is
now dry land became exposed. De Luc’s geochron-
ometers allowed him to make ‘absolute’ datings to
arrive at a figure of about 4000 years for the time
since the Flood. The coherence of the results from
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calculations and measurements using different and
independent chronometers (deltas, peat beds,
screes) was surely a good argument for the validity
of the result (although we now think that the
measurements were tending to the date of the end
of the last Ice Age, and I think, with Gillispie,
that de Luc ‘leaned’ towards the figure of 4000
years, which was the sort of value that Old Testa-
ment history suggested). Pre-Flood time, the other
part of the binary division of history, was long
and indeterminable, and de Luc recognized that
the accumulation of large thicknesses of sediments
that we see in the older strata would have taken an
immense time. Rudwick saw intimations of biostra-
tigraphy too in de Luc’s discussions of the fossils
found in these pre-Flood sediments.

All this is very good. De Luc was apparently
beginning to think like a modern geologist for post-
Flood time (although his geochronometry had been
foreshadowed by Edmund Halley’s (1656—1742)
ideas on the increase of the salinity of the oceans
(Halley 1715), or even Herodotus’s (c. 484—c. 425
BC) discussion of the growth of the Nile Delta
(Herodotus 1920-1924, 2, Book 4). Rudwick thus
saw de Luc as an important figure in the emergence
of modern geology as a historical science.

However, by invoking and emphasizing the idea
of de Luc’s binary history, Rudwick was able to
sidestep the substantial archaic features in his pre-
Flood geology. Gillispie, on the other hand, chose
to dwell on this earlier epoch, largely omitting dis-
cussion of the post-Flood studies. In fact, he rep-
resented de Luc as a benighted obscurantist and a
somewhat poignant figure. Rudwick, in contrast,
treated de Luc’s pre-Flood ideas relatively lightly
(although certainly mentioning them), and heaped
praise on his post-Flood work. Indeed, he saw de
Luc as a respected investigator and represented
his theory as ‘immensely influential’ in the early
nineteenth century, above all ‘because it was
adopted by the great French naturalist Georges
Cuvier’ (Rudwick 2001, p. 58). Moreover, de
Luc’s method of ‘actual causes’ was used by
Charles Lyell, although he had used it to argue
that there had been no catastrophic event that had
disturbed earlier Earth history. As Rudwick put it:
‘de Luc’s method for analysing and calibrating
geohistory got a second wind, and became the
basis for Lyell’s own geotheoretical model, later
dubbed uniformitarianism’ (Rudwick 2001, p. 58).
Here he was thinking of what he (Rudwick 1978)
had earlier called Lyell’s ‘statistical palacontology’.

Francois Ellenberger and Gabriel Gohau

Another important analysis of de Luc’s work was
provided by the French historian of geology

Francois Ellenberger (1915-2000), working with
his one-time doctoral student Gabriel Gohau
(Ellenberger & Gohau 1981). Gohau (pers.
comm.) is an atheist; and I have been informed by
Jean Gaudant (pers. comm.) that Ellenberger was
a Calvinist whose family came from the Canton of
Bern. His father had been a Calvinist missionary
in Africa, who married the daughter of a Calvinist
minister from the Geneva area. According to
Gaudant, who knew Ellenberger well, he belonged
to the ‘strict Calvinist tradition’.

According to Gohau’s recollection, it was he who
first became interested in de Luc’s Lettres a
Blumenbach (1798). When Ellenberger became
aware of Gohau’s study of the Lettres they began a
collaborative study, partly because Ellenberger had
greater familiarity with the stratigraphy of southern
England, which had been important for de Luc’s
argument. Gohau recalled that ‘notre collaboration a
été surtout complémentaire, sur le plan scientifique’.
However, possibly Ellenberger thought de Luc par-
ticularly interesting because of their common
Genevan—Calvinist heritage, and Gohau found that
Ellenberger’s familiarity with the Bible was useful,
as well as his knowledge of British stratigraphy.
Therefore their study could well have been ‘emic’
as regards Ellenberger, whereas Gohau would not, I
think, have been interested in anything more than a
‘historical—etic’ account. We can, I suggest, take
their joint investigation as one that was potentially
intermediate in metaphysical commitment between
those of Gillispie and Rudwick.

As such, the Ellenberger & Gohau analysis is
interestingly different from the accounts of Gillispie
and Rudwick. They did not present a polemical
negative representation of de Luc. On the other
hand, although it was Ellenberger & Gohau who
drew attention to the interesting relationship
between de Luc and Cuvier, they did not extend it
to Lyell. More importantly for the present purposes,
they gave as much attention to de Luc’s ideas about
pre-Flood geology as to his geochronometry and
post-Flood investigations. They noted the ‘binary’
character of de Luc’s history, which allowed
emphasis to be placed on one side or the other of
his geology (or both).

Ellenberger & Gohau mentioned that de Luc
could not read German, so his Wernerism was pre-
sumably ‘second-hand’. However, that does not
mean that he was not deploying the ‘Wernerian
formation suites’. These were well known in
Britain (where de Luc took up residence) from the
advocacy of Robert Jameson, and through much
of Europe by the dissemination of Werner’s stu-
dents. The more interesting question is the ‘biostra-
tigraphical® ideas that were developed by de Luc.

According to Ellenberger & Gohau, de Luc was
interested in establishing a history and chronology
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of the Earth by examining its ‘archives’ (which
could be either rocks or fossils). De Luc could
discern a degree of regular order in the lithologies
of the superimposed strata of southern England,
although the rocks were also severely disturbed in
places (such as the Isle of Wight). Thus he envisaged
both a sedimentary and a tectonic chronology.

Furthermore, de Luc recognized that strata of
characteristic lithologies had characteristic organic
assemblages of fossils (at least in Britain), most of
the organisms being different from those found
in the seas today. This observation was not new,
but it was, nevertheless, a precondition for the
emergence of biostratigraphy. The second step for
the establishment of biostratigraphy, as noted by
Ellenberger & Gohau, was the recognition that
the different forms of fossils were related to their
different ages. This could just be a ‘brute fact’ (as
it was for William Smith, at least in his earlier
days) but for the likes of a ‘savant’ such as de
Luc (to use Rudwick’s terminology) it was a fact
that required explanation.

For de Luc, then, the changes of form were due
to the changing chemical environment of the seas in
which the organisms lived and from which the
sediments in which they were preserved were preci-
pitated. The changes in strata were related to ‘mini-
catastrophes’, which were associated with the
emission of different fluides expansibles from the
Earth’s interior:

Ainsi les changemens qu’éprouvent le liguide, et d’ou procédoient
des changemens successifs dans la nature des couches, avoient
aussi de I'influence sur la maniere d’exister des étres organisées
marins (de Luc 1798, pp. 381-382).

However, the changes were apparently abrupt rather
than gradual, matching changes in lithology, which
could be ascribed to the mini-catastrophes. Thus de
Luc was not a transformist in the Lamarckian sense,
but he had some of the elements necessary for the
establishment of a biostratigraphy. On the other
hand, he did not use fossils reciprocally for deter-
mining the relative ages of strata.

Ellenberger & Gohau went on to consider the
parallels between the system of de Luc and
Cuvier. I think they were interested in establishing
de Luc as one of the major precursors of Cuvier, a
programme that has been followed up or paralleled
by Rudwick.

As it appears to me, Gillispie was interested in
representing de Luc as a man of limited capacity,
bound by his adherence to Wernerism and the
Mosaic tradition. Ellenberger & Gohau were inter-
ested in the emergence of biostratigraphy and the
extent to which de Luc was or was not a precursor
of either Lamarck or Cuvier. They wrote respect-
fully about de Luc and pointed out how his faith
had to be accommodated by his geology. And he

achieved this successfully (in his own eyes at
least). I think also that Ellenberger & Gohau were
interested in the emergence of historical geology
and biostratigraphy, especially in the Francophone
world. They did not emphasize the post-Flood
aspect of de Luc’s geohistory. Their account seems
to me to be objective and one could say that it is a
blend of emic and etic historiography, which is
perhaps unsurprising considering the known meta-
physical positions of the co-authors.

Rudwick shared many of the concerns of
Ellenberger & Gohau but, as mentioned, his
account was situated in the context of a much
larger-scale effort to delineate the steps leading to
the emergence of historical geology and biostrati-
graphy. De Luc received a place of honour in this
narrative, but was perhaps also given a favourable
gloss by the emphasis given to his post-Flood geo-
chronometers (which, as we have seen, Gillispie
tended to denigrate) at the expense of an examin-
ation of the archaic physico-theological aspects of
de Luc’s thinking. De Luc’s geochronological
work fitted neatly into Rudwick’s large-scale histo-
riographic programme, as did his intimations of
biostratigraphy for ‘pre-Flood’ strata. However,
that does not give the full story about de Luc (nor
need it for Rudwick’s historiographic purpose).

De Luc’s pre-Flood geology

Now let me say a little more about de Luc’s ‘pre-
Flood’ ideas. He invoked collapses of parts of the
Earth’s crust into subterranean caverns to account
for the tectonic changes that he thought were required
by the observed distortions of the strata. There was no
independent or testable evidence for the former exist-
ence of these caverns (although such structures had
frequently been suggested in the early literature).
They were ad hoc explanatory entities.

Beyond that, de Luc’s pre-Flood geology was, as
mentioned above, chiefly Wernerian. In fact, he
said, one had to rely on chemistry for information
on the very early period of Earth’s existence. In his
Elementary Treatise on Geology (de Luc 1809),
which summed up his life work and his geotheory,
he spoke of a ‘primordial liquid’ somehow
produced by light acting on some substance in
the atmosphere (which I may here call substance
‘X’) to give heat, which produced liquidity. Granite
was the first precipitate from the primordial fluid.
A succession of catastrophes resulted from a suc-
cession of collapses, which, with the changing
conditions, gave rise to a succession of different
precipitates.

Therefore, in thinking about de Luc as a geol-
ogist or geotheorist, one cannot leave aside his
pre-Flood ideas or his more general metaphysical



VIEWS OF J.-A. DE LUC’S GEOLOGICAL IDEAS 13

or theological commitments. We may consider
his statement:

The Deluge is described by MOSES under circumstances so
precise, that if they are true, they must be impressed on the whole
of our globe as forcibly as its chronology: and now, in proving
that they are so, I shall not confine the character of MOSES to a
faithful historian, but shall make it manifest that he must necess-
arily have been directed by God himself (de Luc 1809, p. 389).

That is, for understanding Earth’s history, de Luc
thought Moses no less important as a source of
information than was the study of delta enlarge-
ments, for instance. Indeed, it was a major goal of
de Luc’s work to reconcile empirical results with
what was stated in Genesis. Rudwick tended to
downplay this, in part by focusing attention on de
Luc’s actualistic study of post-Flood phenomena.
However, de Luc’s pre-Flood geohistory certainly
did not contribute to the emergence of geoscience,
regardless of the methodological soundness of the
geochronometers. For Gillispie, that sort of history
impeded the progress of geology.

A British view of de Luc by one of his
contemporaries

Both Ellenberger & Gohau and Rudwick have seen
de Luc as playing an important role in the establish-
ment of geology, with, infer alia, intimations of
biostratigraphy, an actualistic methodology for
the post-Flood period, and the use of ‘absolute’
geochronometers for that period. It is interesting,
then, to notice what a British geologist of de
Luc’s time thought about him.

Among the William Smith Papers at the Natural
History Museum at Oxford University (OUMNH:
Box 5, Folder 4) there is an undated and incomplete
letter, identified by Hugh Torrens and Stella
Brecknell as being in the hand of Smith’s friend
and patron the Reverend Benjamin Richardson (d.
1832), Rector of Farleigh Hungerford, introduced
by ‘Dear Sir’ but apparently intended for Smith.
It contains some extraordinarily strong critical
comments on de Luc’s geology and stratigraphy.
Richardson wrote regarding de Luc’s Letters to
Blumenbach (as published in British Critic, 4,
September 1794%):

As I cannot suppose you possess patience to wade through this 6
Days Dream, 1 have marked some of its Curiosities by reference
to the Pages. This colossus of Facts, of Reading and Knowledge
& Science, in honour of French Confidence comes to enlighten
the phylosophic World with the whims of a Midnight Dreamer.

It is the only work I ever perused without picking up some kind of
useful information— . ..

There is much more Confusion in De Luc than in the Earth itself—
His proof that Granite is primaeval because it contains no organic
matter; is that a Sea has not covered the Hills above a certain

height for the same Reason, their being top[pled with Granite: is
surely an argument of its being formed the last.

This Arg[ument] will prove the Red Ground® also to be
primaeval.

How is it proved that there is nothing now taking place in the Sea,
similar to the production of Strata, which formerly took place?’

Admittedly, this document could be said to come
from a ‘partial’ source, as it expresses antipathy
for French ideas, as might well be expected in a
period of military conflict between France and
Britain, and was penned by a supporter of the
stratigraphic ideas that Smith was endeavouring to
establish. However, it would seem to indicate that
not all contemporary geologists thought of de Luc
as favourably as do some modern historians of
science. In fact, it would appear that Richardson
regarded the ideas of his approximate contem-
porary, Jean-André de Luc, as an impediment to
the development of geology.

Conclusions

Thus we find that, in their respective historiogra-
phies, Gillispie emphasized de Luc’s pre-Flood
ideas, Rudwick gave particular attention to his post-
Flood geology and regarded de Luc as ‘one of the
most prominent geologists of his time’ (Rudwick
2001, p. 51), whereas Ellenberger & Gohau held
an intermediate position (as it appears to me).
This meshes with their known religious positions.®

We should note that de Luc’s post-Flood work
did indeed feed into modern ways of thinking
about geohistory, and thus we gain from the
accounts of Ellenberger & Gohau and Rudwick,
although perhaps they have, for different reasons,
exaggerated de Luc’s importance in the history of
geoscience, if the evidence about Richardson’s
views given above is taken into account. Whether
de Luc himself considered his pre- or post-Flood
ideas to be more important I am not able to say,
but his ‘binary history’ was, I suggest, his escape
route to get round the problem of reconciling
empirically based historical geology and geochro-
nology with Mosaic tradition. It enabled him, so
to speak, to have his Moses and eat the cake of
geology (or geochronology).

I think historians should be interested in the
theological dimensions of the history of geology.
It is part of the tapestry of the early phases of the
history of the science. The two ‘magisteria’ were
certainly overlapping in the early nineteenth
century, and before then too. Does one’s theological
perspective make any difference to the kind of
history that one writes? I think it does; and I
have endeavoured to demonstrate that this is so
by considering different writings about de Luc’s
geology. It is probably the case that of the four
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historians that I have discussed Gillispie’s account
was the least faithful to his subject; and he is, like
me, an atheist. However, Gillispie’s book was a
pioneering study in the history of geology, written
from a perspective that does not agree with
modern views on historiography. (But are today’s
views on historiography necessarily the best?) It
was undoubtedly an entertaining book, and almost
certainly the most widely read of the three accounts
(although it is, of course, older and has had more
opportunity to be read). Perhaps the difference in
the metaphysical views of Gillispie and de Luc
(separated in time and space) made it impossible
for Gillispie to adopt an ‘emic’ attitude towards
de Luc so that Gillispie’s bold youthful work had
‘etic defects’ in consequence.

Where does all this leave me as an atheist histor-
ian? In practice it means that I am not specifically
attracted to the study of geoscientists’ religious
views and the way they may have had an effect
on the development of their thinking, unless they
have given rise to significant developments in
geoscience. For example, it is interesting to me
(and also somewhat perplexing) that Jesuit scholars
have given so much attention to geophysical obser-
vations. (Presumably Jesuits would not find this
fact so strange: I suppose they believe that the
Earth is part of God’s creation, and so it is appropri-
ate to study its measurable physical ‘behaviour’. If I
were a Jesuit, I would presumably have no difficulty
in understanding why the Jesuit community has
given so much attention to geophysics over the
years.) So if geoscientists’ metaphysical views
happen to have been relevant to their geological
work, then I may be interested. In the case of de
Luc, I think his theism was so misguided that
sometimes it is almost laughable (as Gillispie
seemed to think); but it is nevertheless important
to see how it operated within his geology. I am
antagonistic towards creation science and intelli-
gent design arguments today, as I think they are
mistaken and are sometimes used for political and
social ends that are pernicious. One should ‘know
thine enemy’, so I am interested in books that
explain how, when, where, and why creationism
has flourished in the USA; itself a significant
question for the social historian (of science).

I think, as do most people in the community of
historians of science these days, that our work
should not have anachronistic or whiggish elements
(but see Oldroyd 1989). It should not be harnessed
to nationalistic, political or religious ends, although
if (for example) it can reveal the origins of the evils
of the military—industrial complex I should regard
that as a worthwhile accomplishment. These days,
I mostly study what used to be called the ‘internal’
history of science; but looking at the ‘external’ con-
tributions can certainly be every bit as important,

and I have done work of that kind at times. (And,
yes, I know that arguments can be developed to
suggest that the internal—external dichotomy is a
false one.) I value historical objectivity, or
‘eticity’, although that can sometimes yield a dull
product. Also, surely anyone who studied the
history of geology in the manner of Latour &
Woolgar would produce a curious result. Moreover,
as shown, an element of ‘emicity’ can sometimes
lead one in interesting directions and yield useful
results, although equally, it may lead one to overva-
lue the work of someone whose religious or philoso-
phical views are particularly close to one’s own.

In this paper, I have sought to show how theolo-
gical commitments may ‘modulate’ the work of
geohistorians. This can easily happen, and should
be kept in mind by both writers and readers of
history, although it is not necessarily going to lead
to ‘bad history’. Whether readers of this paper
may think that my position as an atheist and a pro-
ponent of a naturalistic metaphysic has impaired my
judgement I leave them to decide. I contend that
historians do well to have a soundly based philoso-
phical position; and I have stated my own position,
but not argued for it here, as such an enterprise
is not really appropriate to a book devoted to
the history of geology per se. Itis possible that a his-
torian with a religious viewpoint or a worldview
different from mine will come to similar con-
clusions. In fact, that ought to happen if I have
accomplished my task successfully. On the other
hand, ‘mining’ the history of science to support a
contemporary theological position (as some crea-
tionists do) is not, I suggest, the appropriate thing
for a historian to do, although it seems to me that
naturalistic science does have things of importance
to say that may (or should?) influence one’s
worldview.

I thank W. J. Kennedy of the Oxford University Natural
History Museum for permission to reproduce part of a
letter by Benjamin Richardson concerning de Luc, and
H. S. Torrens and S. Bracknell for locating and identifying
the document. I also thank the referees M. J. S. Rudwick
and D. A. Young, along with M. Kolbl-Ebert, for their
comments and suggestions, which I have endeavoured to
follow as far as possible.

Notes

'The terms were introduced by the linguist and cultural
anthropologist Kenneth Pike (1967).

>There had been some earlier usages of the word, but not
in the same sense as it is used today. With de Luc, it
acquired its modern meaning. Dean (1979) credited de
Luc with being the first person to use the word in its
modern sense; although Vai & Cavazza (2003)
considered Aldrovandi to be the originator of the term
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in the early seventeenth century. Dean reported the use of
the word ‘geologiam’ by Richard de Bury in 1344.

3This well-known aphorism or adage was coined much
later by Archibald Geikie in his Founders of Geology
(Geikie 1897, p. 299). The concept, however, goes back
well before then, at least to the times of Hutton and Lyell.

“De Luc’s choice of journal is noteworthy. The Letters
were published in British Critic: Quarterly Theological
Review and Ecclesiastical Record between 1793 and
1796.

SThis was the eighteenth unit (from the top) listed by
William Smith in his initial tabulation of strata
‘examined and proved prior to 1799 (Sheppard 1917,
facing p. 127). Smith stated that no fossils were known
in it. The ‘Red Ground’ rocks are today regarded as
Triassic (Keuper Marl); and fossils have still not been
found in them. I thank Professor Torrens for drawing
my attention to this letter, for his identification of the
British Critic reference, and information about the ‘Red
Ground’.

SBut this is not for one moment to suggest that Rudwick
has not done valuable work on the history of geology
round 1800. On the contrary, he has enlightened us all
by his detailed researches.
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Abstract: Water was a key element in the Inca civilization (c. AD 1438-1534), both for their
crops and as part of their vision of the cosmos. According to myths on the origin of the Incas,
their civilization arose from the sea through one of its main manifestations, Lake Titicaca.
Throughout the period of Inca dominance, as in some of the cultures that preceded them, water
was a sacred element. This vision of the cosmos can be regarded as a hydrogeological model
with similarities to the beliefs in force in Europe from the classical period until the end of the
seventeenth century. Because of their excellent intuitive understanding of water, the Incas devel-
oped a complex irrigation system to channel water to their agricultural lands. Coinciding with the
distribution of water, they organized periodical thanksgiving festivals, when farming communities
gathered to celebrate the beginning of a new agricultural cycle with songs, dances and festivities.
However, the centralized control of water resources introduced in the twentieth century led to the
disappearance of many of these traditions and to the replacement of an irrigation system that had
proved acceptable, by one that was alien to the customs and history of the country people. This led
to the first conflicts over water control. As a result, the vision of the cosmos based on water and
rooted in agricultural communities has been lost.

The origin of the Inca culture has not yet been
discovered. It has been shown that, of the small king-
doms formed during the Second Intermediate Period
in the Cuzco region, one of them was established by
force of arms. What we currently know about the
Inca Imperial period is well documented in
16th-century Spanish chronicles but they do not
provide sufficient information about how that ethnic
group was formed and consolidated its power. The
Incas’ history is full of legends that have reached us
through oral tradition, but archaeological data are
very scarce. One such legend concerns the ancestors
of the Inca lineage, Manco Capac and his wife Mama
Ocllo. From them until the last Inca, Atahualpa, the
dynastic list known in the 16th century comprises 13
names. However, only from the ninth, Inca Yupanqui,
onwards, can one consider the narrated dates and
events to be real. It was around 1400 when the Incas
established a ‘state’, after the defeat of the Chancas, a
warlike people from the Pampas river valleys. In sub-
sequent centuries, they expanded by conquering the
inhabitants of the nearby valleys: the Lupazas, Collas,
Huancas and Chancas (1438). At that time, the gover-
nor was Pachacutec (‘the Earth’s saviour’), who
earned the title of Inca and became established in
Cuzco. Therefore, the Inca civilization commenced as

such in the 12th century, although 1438 is usually
chosen as the year that the administrative and political
structure of the Inca Empire began, or, alternatively,
1450, the start of the ‘Late Horizon’ period (named
from an archaeological perspective). From 1450
onwards, the Inca Empire continued its military expan-
sion and the cultural assimilation of conquered villages.
The Inca Empire’s northern border was near today’s
border between Colombia and Ecuador. In the south
it reached central Chile and towards the east it
reached NW Argentina (Rostworowski 1988).

The Incas divided their geographical space into
four geopolitical quarters (suyus) which formed the
entire territory (Tahuantinsuyu, land of the four
quarters), whose centre was located in the city of
Cuzco (Qosco, the centre of the world). The Chinch-
aysuyu (the coast and mountains of north Peru and
Ecuador) was NW of Cuzco. The Antisuyu was
NE (south and central Andes and the upper
Amazon river basin). The Collasuyu (Bolivia and
lake Titicaca, north Chile and NE Argentina) was
towards the SE. The Cuntisuyu was south of
Cuzco, and comprised the south and central coast
of Peru and the Andes (Fig. 1; Urton 2003).

In addition to this quadripartite organization,
the Incas had a dual vision that enabled them to

From: KOLBL-EBERT, M. (ed.) Geology and Religion: A History of Harmony and Hostility.
The Geological Society, London, Special Publications, 310, 17—-24.
DOI: 10.1144/SP310.3  0305-8719/09/$15.00 © The Geological Society of London 2009.
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Fig. 1. Inca Empire in South America.

structure commercial exchanges based on recipro-
cal relations between peoples. That duality was jus-
tified symbolically by one of the myths about their
origins, in which Cuzco was founded with the par-
ticipation of two dynasties (Hanan and Hurin);
these names were later transferred to the Incas’
administrative reality. Each of their cities, starting
with Cuzco itself, was divided into two halves:
Hanan (the upper half) and Hurin (the lower
half). Even the Tahuantinsuyu was divided into
two halves: Hanansaya (with the Chinchaysuyu
and the Antisuyu) and Hurinsaya (Collasuyu and
Cuntisuyu) (Zuidema 1991).

The third component of their view of the world
was a tripartite organization. Their world was stra-
tified into three levels: Hanan Pacha (the higher
world, inhabited by the main gods in their pantheon:
Viracocha, Pachacamac, Mamacocha, etc.), Kay
Pacha (the middle world or Earth’s surface, inhab-
ited by living beings) and Hurin Pacha (the lower
world, inhabited by the dead). The springs (pukyu
in Quechua), caves and all types of openings in
the Earth’s crust were considered to be communi-
cation routes between Hurin and Hanan Pacha
(Sherbondy 1992). That tripartite organization
also manifested itself in real life with the existence

of three hierarchies: the Collana (Inca chiefs) the
Cayao (the defeated non-Inca people) and the
Payan (a group formed by the union of Inca and
non-Inca people).

In addition to these symbolic and organizational
expressions, water was the focal point of the Inca
cosmogony (Mazadiego & Puche 2004; Bosch
2005). The Inca civilization considered itself as
arising from water, and, it extended its control
through water. There was a very close relationship
between cosmology, religion, and social and poli-
tical structure during the Inca Empire (D’Altroy
1987; Williams & D’Altroy 1998). In the Andean
cosmos model, the lower part was filled with the
original sea (‘the cosmic sea’). When the upper
surface of these deep waters reached the surface
of the land, lakes and rivers emerged. The sea was
regarded as the Mother (Mama Cocha) and the
lakes, rivers and lagoons as daughters (Cochas).
The deep waters followed a ‘centrifugal’ move-
ment, from inside to outside the Earth (Sherbondy
1984), creating a flow as if they were underground
rivers that emerged in the shape of springs; these
springs, in turn, fed the rivers that flowed into the
sea. Thus the Incas considered that surface waters
and underground waters originated from the sea.

The Andean vision compared with
European hydrogeological theories

Until the seventeenth century, in Europe it was
generally accepted that the waters in rivers and
springs had no connection at all with atmospheric
precipitation, which was believed to be insufficient
to contribute to the flow of rivers. Furthermore,
people believed that the Earth’s surface was too
impermeable for rainwater to filter through.

The first hydrogeological theories were devel-
oped by the Greeks. Thales of Miletus, around
650 BC, held that springs and rivers were fed by
water from the ocean that filtered into the land
and that, eventually, as a result of high pressure,
emerged as springs (Puche 1996). This theory dis-
plays many common aspects with the Inca vision
of the cosmos: a closed circuit where the rivers
are generated by seawater that, once it has filtered
through the subsurface, creates underground water-
courses that form the rivers on the surface. Plato
(427-347 BC) also held this hypothesis, although
he asserted the existence of a great cavern, which
he called Tartarus, into which all surface waters
flowed and from which they emerged (Plato 1985).

During the Roman period, Lucretius and Pliny
endorsed the Greek theories; Lucretius, in his
book De Rerum Natura (Lucretius 2003; Pliny
1995), postulated a hydrological cycle in which
water evaporates from the surface of the land and
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sea and falls back as rain. That idea also appeared in
the Inca culture, which personalized this into
elements of their cosmogony. The god Huiracocha
travelled from lake Titicaca to the ocean, which
symbolized the flow of the water along the rivers
(mayu in Quechua) to the river mouth. The water
was then drunk by the Llama constellation
(yacana), the flow process would begin through
the Milky Way (also called mayu like the rivers)
and the water would finally return to Earth as rain
(Zuidema & Urton 1978).

During the European Middle Ages and until the
end of the sixteenth century, it was still believed
that all water came from the sea. This idea was
based on a number of biblical passages, which
were taken literally, such as the following: ‘All the
rivers run into the sea; yet the sea is not full; unto
the place from whence the rivers come, thither they
return again’ (Ecclesiastes 1: 7—9). These ideas con-
tinued to be upheld until the seventeenth century.
Scientists such as Kepler (1571-1630), Kircher
(1602—1680) and Descartes (1596—1650) held that
all water came from the sea (Kircher 1664; Solis
1990). Descartes, for example, stated:

There are large cavities full of water under the mountains, where
the heat from the light of the sun continuously produces
vapours, which, being nothing more than tiny droplets of water
separated from each other, escape through the pores of the earth
and reach the highest plains and mountains where they regroup
and form the springs, which flow down the valleys, join, form
rivers and eventually flow into the sea. Although this process
causes great amounts of water to escape from the said cavities
under the mountains, they never empty completely. This is
because there are many channels through which seawater
reaches the said cavities in the same proportion as water escapes
to the springs (Descartes 1644).

Hydrogeology emerged as a science, towards the
end of the seventeen century, when scientists such
as Palissy or the priest Pierre Frangois rejected
the Greek water cycle theories (Frangois 1563;
Palissy 1957).

The sacred nature of the Inca
hydrogeological theory: the origins
of the Inca universe

The Inca hydrogeological model was the basis of
the cosmological vision that explained their
origins. According to their beliefs, the Inca universe
originated in the cosmic sea, although Inca tradition
also referred to one of the manifestations of this sea,
Lake Titicaca, as the birthplace of the Sun, the
Moon and the stars. A vertical movement led to
the creation of the rivers and lakes, from which
water filtered through the subsurface to feed the
underground watercourses. Therefore, in the
Andean world, water classification was of prime

importance because of its symbolic significance.
There was water that flowed along the surface,
water that flowed along the subsoil and seawater.
Seawater had a major significance in purification
and fertility rituals, and, like seashells, played a
major role in the worship of hills during the rain
ceremonies (Urton 1981).

In most Inca settlements water was considered
as feminine; it was regarded as the sacred milk
that flows from the hills and mountains (considered
as male). In 1571, Polo de Ondegardo stated that the
Incas ‘offered seashells to the fountains and springs,
affirming that the shells were the daughters of the
sea, the mother of all waters’ and that they also
presented shells to the hills to plead for rain (Polo
de Ondegardo 1917).

The Incas believed that they had to pray to the hills
and mountains to favour the start of the rains. Thus
there was an association between the ‘forefathers
(ancestors)—origin—founding of villages—water (up-
wellings, lakes)’ group and the ‘mountain—water—
fertility’ group. In effect, the mountains were con-
sidered as divinities that acted to bring about rain in
the places inhabited by the god Wamani and all the
other gods who controlled the water circulation
through the canals (Reinhard 1983; Farfan 2002).
This is the reason for most of the pre-Hispanic settle-
ments being located on hills and oriented towards
their pacarina or place of origin (a lake or hill).

The Inca origin: Cuzco and water

Of the various versions of the mythical origin of the
Incas, the most widespread was compiled by the
chroniclers Martin de Murta and Guaman Poma
de Ayala. According to them, the Inca ancestors
crossed the subsoil from Lake Titicaca to the Pacar-
itambo cave, which is around 33 km from Cuzco.
The site’s ruins are currently called Mauqallaqta
(‘Old City’) (Martin de Murta 1964; Guaman
Poma de Ayala 1980). From that site, the Inca
ancestors went to the valley of Cuzco where, after
conquering the inhabitants, they established politi-
cal and administrative structures that gave rise to
their Empire. The Incas considered that they were
the first people to have been created, so they had
the honour of dressing in clothes decorated with
gold, the symbol of the Sun, and of wearing large
ceremonial ear flaps (orejeras or orejones) (Cieza
de Ledn 1943; de Betanzos 1987). They believed
that all the people of the world were created in
Lake Titicaca and then moved through the under-
ground watercourses (the ‘veins of Mother Earth’,
Pacha Mama), until they came to the surface
through springs, upwellings, rivers, lakes and caves.
These places were called pacarinas (‘places where
nations dawned’) (Earls & Silverblatt 1976).
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Rituals of foundational water

When they chose a new governor, the Incas would
take water from Lake Titicaca in memory of their
origins. Later, given the expansionist nature of their
culture, when they settled in a new place, they
would take water from the former ayl/lu (village or
community), pour it out and give the name of their
old upwelling place to the new settlement (Albornoz
1984). It was a way of legitimizing their power
through the original water from Lake Titicaca. The
most important surface water bodies for the Inca
were Lake Titicaca, Lake Choclococha (central
Andes) and the sea (for the coastal villages, both
the Paracas area and the NW coast of Peru) Water
thus became a unifying element for the villages, the
Incas (the conquerors) and the new settlements (the
conquered). The objective was to ensure complete
integration in the new site. For example, Lake Cori-
cocha, around 12 km from Cuzco, was the mythical
reference of the Huayllacan people. When the Inca
Roca married Mama Micay, the woman-chief of the
Huayllacan, a commitment was established between
the two peoples, and recorded as follows by local tra-
dition: ‘The Inca Roca married a woman named
Mama Micay, the chief of the Huayllacan
people. ... Once the festivities were over, the now
married woman said that those lands did not have suf-
ficient water for irrigating the corn fields. So the Inca
Roca brought the waters and it became a family duty
to distribute the water with which the valley was irri-
gated” (Cobo 1957).

At present, the farmers believe that the water
used for irrigating their fields comes from Lake
Coricocha and that it reaches them through under-
ground canals built by the Incas to endorse their
common origins after the marriage between the
Inca and the woman-chief. The idea was to establish
a common territorial unit based on water distri-
bution in the area of the old village of Guayllaman,
which became part of the Antisuyu, one of the four
Inca political divisions.

The cult of water

The cult of water manifested itself in diverse ways
in the Inca world. In addition to appearing in the
legends of their origins, water also appeared
through the paccas (i.e. the objects used to adore
the liquid element). In the ceremonies that took
place in the city squares, chicha (an alcoholic bev-
erage made from maize) was poured over the idols
and into the irrigation canals. According to the
Inca beliefs, water had the power to wash away
impurities and, therefore, stave off evils and ill-
nesses. One of these festivities, perhaps the most
important one, took place in Cuzco, just before
the start of the rainy season. A procession took

place with four groups (symbolizing the four div-
isions of the Inca Empire). One group would go to
the river Collasuyu, another to the river Quiqui-
jana, another to the river Apumirac and the other
to the river Urubamba. Once they had bathed
themselves in the river, they believed that they
had staved off their misfortunes. Meanwhile, the
inhabitants of Cuzco bathed themselves in the
fountains (Zuidema 1991).

Hypothesis on the Inca’s geological
knowledge

Irrigation water was a very important element in the
consolidation and survival of the Inca civilization as
it enabled them to grow corn, a vital product for
their economy and religion, and maintain pastures
for llamas and alpacas. It has been proved that the
layout of some cities was based on hydrological
criteria. The most obvious case is Cuzco, where
administrative districts were organized, inside the
metropolitan area, based on irrigation systems
(Sherbondy 1987); that is, first the channels that
transported the water were installed and later the
city was divided into districts.

The Cuzco cosmogony was based on the dual
division of Hanan Cuzco (the higher quarters)
and Hurin Cuzco (the lower quarters), based on
the hydrological features of the Huantanay
River, which irrigates the district. Hanan belonged
to the hilly and mountainous areas, the source of
the life-giving rivers, and Hurin belonged to the
valley, the widening of the basin and the flow of
the water through the fields. Each of these parts
was dedicated to a dynastic ancestor, who was
associated with the mythical construction of the
hydraulic works and the channelling of the
water. The canals built by the Inca predecessors
were considered to be sacred and thus were
included in the myths about their origins. The
Incas worshipped their ancestors, so, to make the
history of their people sacred, in their legends
they re-created the fact that those predecessors
discovered the water sources that they later
turned into canals (Sherbondy 1982).

This dual hydrological principle also led to
political and social hierarchies. Hanan Cuzco was
more important than Hurin Cuzco, simply because
it was linked to the source of the waters. Also, con-
sidering not only the central area of Cuzco but also
its outlying neighbourhoods and satellite villages,
one can see that a radial pattern of organization
was designed based on a series of lines (ceque in
Quechua) that could be considered as radii that
divided the territory into sectors (Sherbondy 1982,
1984). Each half (‘upper’ and ‘lower’ areas) was,
in turn, divided by lines that originated from
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the city centre. The purpose of this layout was to
indicate the sources of water for the irrigation
channels in a town and connect them symbolically
at a central point, and to indicate the borders
between areas by radiating lines.

This radial organization has been confirmed in
many Andean towns, such as, for example, in
present-day San Andrés de Machaca (Bolivia). It
is, therefore, not surprising for Polo de Ondegardo,
the colonial administrator (magistrate) who investi-
gated the religion, customs and superstitions of the
Inca, to have written, in 1571, that ‘it is not possible
to understand the organisation of the Inca Empire
without studying the “ceque” system’ (Fig. 2).
The description of the Cuzco ceques commenced
in 1653, when Father Bernabé Cobo identified 41
ceques that radiated from the temple of Coricancha.

Bauer (2000) studied the 328 huacas (sacred
sites) described by Cobo, and classified them
based on their typology (Table 1). We can see that
the Inca chose manifestations directly or indirectly
linked to geology (streams, rocks, geological for-
mations and quarries) as their sacred places.
However, these conclusions are difficult to extrap-
olate to the Inca reality. Writing was unknown by
the Inca culture. Therefore, everything that we
know is based on chronicles that were written
years after the end of that empire, especially those
written by Europeans. Because we do not have
any documented confirmation of the degree of geo-
logical knowledge of the Inca people, anything that
we might say is only a hypothesis. Nevertheless,
according to Menegat & Porto (2007), we can
accept that the Inca not only based most of their
cosmogony on water but they also based this
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Fig. 2. Imaginary lines (ceques) with a group of huacas
from Coricancha in Cuzco (Sherbondy 1987).

Table 1. Huacas related to geological elements,
according to Bauer (2000)

Type of huaca Number %
Water sources 96 29
Rocks and geological formations 95 29
Hills and mountains 32 10
Inca palaces and temples 28 9
Plains 28 9
Tombs 10 3
Gullies 7 2
Caves 3 1
Quarries 3 1
Stone seats 3 1
Sunset signs 3 1
Trees 2 1
Pathways 2 1

intellectually on what those researchers defined as
‘landscape geoforms’ (Farina & Belgrano 2004).
That hypothesis is corroborated by the relatively
large number of huacas related to geology. Menegat
& Porto also suggested that the Inca culture con-
sidered geological faults as a landscape unit for their
cities, especially around Cuzco. Those researchers
considered that the Incas constructed around faults
based on their scale and the blocks of rock that they
could cut for use as walls. Indeed, in both Machu
Picchu and Ollantaytambo, or the Inca’s Baths,
faults were interpreted as phenomena in which
water was replenished and as an ideal location for
urban or ceremonial settlements.

Pre-Hispanic irrigation systems

Several methods of channelling water were used by
the Incas and other people in the Andes. Sunken
fields (huachaques) drew water from the subsoil by
filtering it, and plants such as reed mace and rush
were subsequently sown. Terraces and plots were
constructed in the mountains, with the aim of limiting
the loss of nutrients in spillway waters to lower
levels. Sunken gardens (chacras or mahmaes), used
in coastal areas, were constructed by removing
loose sand and earth to obtain a damp basin of
subsoil that was favourable for sowing. Sunken
basins (gochas) followed a similar procedure to that
used for the chacras. Canal systems, especially in
the valleys, helped to move water from its collection
points to the cultivated areas. Waru Waru, in the pro-
vince of Puno, was carried out using raised embank-
ments over the land surface, alternating canals with
bands of stones on the basin (Deza 2002).

The only irrigation system that was used was
underground aqueducts (Fig. 3), such as the one in
Cantayoc (Nazca). They were narrow canals
designed to take the water to a number of storage
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Fig. 3. Underground aqueduct in Nazca (photograph by
Luis F. Mazadiego).

points (cochas) from where it was taken to the fields
through canals. The walls of the aqueducts were
covered with stones fitted together with the help
of guarango wood. Throughout the aqueducts,
there are wells (eyes) that ventilate the system and
through which the canals could be cleaned. These
constructions are still the object of a ritual in
which the farmers give thanks for the water that
reaches their lands; this tradition is related to the
Inca custom of worshipping the initial waters that
arise from the subsoil as the most sacred ones, as
aresult of having a close contact with Mama Pacha.

Irrigation systems today

The dual division or organization (Ossio 1976) has
had a significant effect on the spatial, social and
political reality of Andean communities since pre-
Columbian times. The Hanansaya and Hurinsaya
organization was a key element in the geopolitical
stability of the Inca Empire. This dual nature
inspired a clearly symbolic element that was also
linked to fertility. Extensive evidence has been
collected that alludes to a number of traditional fes-
tivities during which the community was divided
into two parts, as a way of representing both sexes
and, by means of games, plays and prayers, they
invoked the fertility of the land through irrigation
or, more generically, rainfall. Even today, Andean
agricultural communities elect a so-called ‘water
mayor’, who holds this position for about 50 days,
the duration of a complete irrigation water dis-
tribution cycle.

In the Inca villages and now in the Andean
world, water is the origin of life. Sharing water
becomes a kinship relationship, just as in the Inca
Empire it was used to seal friendship between vil-
lages through a unified cosmogony. The irrigation
technology was transmitted from generation to

generation as a cultural heritage that was necessary
for survival. Water was regarded as sacred and so
were the irrigation canals, such as ‘Achicaria’,
located in Ica, south Peru. The legend related to
this canal is as follows: ‘In 1412, the Inca Pachacu-
tec ... embarked on the conquest of the Ica valley.
In one of his raids, he fell in love with a maiden
named Mama Chira, whom he courted and told
her to ask him for anything that she needed. She
replied that she would be satisfied if he provided
water to her community. In the next ten days,
40,000 Inca soldiers opened a riverbed to take the
water to that place’. As we have seen, water was
used as a unifying element between two groups of
people with opposing interests: one wants to
conquer new territories whereas the other wants to
defend itself from the invaders (Oré 2005).

It must be stressed that this dual distribution of
the irrigation system and of other local activities
(e.g. grazing, agriculture) continued even after the
arrival of the Spanish Conquistadores. These, by
means of the so-called encomiendas (concessions
of native labour) based their organization on the
sayas (Hurin and Hanan). Later, after indepen-
dence, this division into two parts continued, for
example, in the collection of taxes, which was
performed independently in each half.

This dual organization remained the essence of
country life until the middle of the twentieth
century, when a number of administrative reforms
reorganized the districts. However, extensive
proof of its existence can still be found, both at folk-
loric level (festivities, celebrations) and in the use
of the land (in the higher regions, farmers still
take their animals to graze in the same upper dis-
tricts or Huaran).

Conclusions

Inca cosmology presents many common points with
the hydrogeological beliefs held in Europe from the
Greek (Thales of Miletus, Plato) and Roman period
(Lucretius, Pliny) until the end of the seventeenth
century (Kepler, Kircher, Descartes), when finally
the theoretical models that led to the birth of
hydrogeology as a science were developed. The
Incas held that rivers, springs and lakes stem
directly from the sea and that, through underground
courses, seawater rises to the surface to create a
closed cycle. Furthermore, the Incas identified
evaporation and rainfall as additional factors. This
hydrogeological theory was given a sacred
quality, as it was part of the foundational myth of
the Inca Empire, based on water from the sea
through one of its most significant manifestations,
Lake Titicaca. This understanding of hydrogeology
enabled the Inca people to base their entire political,
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social, economic and religious organization on the
channelling of water through sophisticated irriga-
tion systems, which were linked to Andean ethno-
history by religious symbolism.

Some researchers (Alva Plasencia et al. 2000;
Gelles 2000) have considered that the present
water distribution system, centralized by local pol-
itical agencies, has breached the ancient tradition
of sharing irrigation water and has led to a
number of social conflicts. Furthermore, one of
the major demands presented by the native people
has been the preservation of the purity of water
that has been polluted by industrial discharges.
For native communities located near mines, one
of their chief demands harbours a symbolic
quality, linked to their religious beliefs. They
demand the right, not only to preserve their rivers,
which are affected by uncontrolled discharges
from mineral treatment plants, but also to maintain
their relationship with water by means of communal
control over it.

On this subject, the conclusions of the second
World Water Forum (2000) stated that: ‘having
studied the documents presented to the Forum,
native populations and their traditional values,
knowledge and systems have been ignored during
the present process’. In a way, the policies of the
countries in the Andean region have led the native
peoples to renounce their traditional beliefs and
their ethnic identity in exchange for progress. As
a result, the new water control strategies have
increased social conflict, which had been kept to a
minimum by the irrigation structure used during
the age of the Incas.
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Abstract: Pre-Meiji Japan was a religiously rich and intellectually varied country, where a large
number of theories and beliefs about the origin of the Earth and its features coexisted. The
history of science, and the history of geology in particular, lacks an account of this fertile and
stimulating socio-cultural system and intellectual environment. The present paper aims to contrib-
ute to its understanding, by providing an overview of the most influential religious and scholarly
approaches to geological topics in Japan from the eighth century to 1868. The comparison of expla-
nations and beliefs on subjects such as fossils, volcanic eruptions, mountains and the origin of the
Earth, and the analysis of geological expertise confirm the heterodox and holistic tendency of the
Japanese intellectual and religious environment, which has had positive and negative outcomes
for scientific thinking. It also reveals the importance of power structures, and of the social division
of labour and knowledge, in the shaping of the Japanese intellectual and religious history.

The Meiji period (1868—1912) represents a great
turning point in Japanese history. After more than
two centuries of almost total closure to the world,
the conquest of power by the Meiji élites in 1868
signalled the beginning of deep and rapid changes
in Japanese society. Among the many reforms
undertaken, a programme for the large-scale intro-
duction of western sciences and technologies was
initiated, compulsory education was organized, and
the country rapidly began industrializing and con-
structing a nation state modelled on the example
of the European powers. The last decades of the
nineteenth century are also considered to be the
time when geology was established as a science in
Japan. The first universities were founded in the
1870s, science teachers were hired, and the Geologi-
cal Society of Japan was founded in 1893. A substan-
tial amount of research, in Japan and in the west, has
been devoted to the history of geology after this offi-
cial introduction as a western science. The works and
biographies of the first western scientists in Japan are
well documented, and have been comprehensively
analysed and described. For example, we may cite
a paper by Martin (1995) on the geological research
of the US zoologist Edward Sylvester Morse (1838—
1925), or the observations of Tanaka (2004) on the
activities of John Milne (1850-1913). The first
western geologists in Japan wrote about their work,
as is the case for the first geological mapping of Hok-
kaido in 1877 (Lyman 1877) by Benjamin Smith
Lyman (1835-1920). Also, at the end of the nine-
teenth century the first Japanese geologists appeared
and the bibliography of geological writings in Japan,
both in English and Japanese, started to grow rapidly.

However, there are very few studies on the
approaches to geological features in pre-Meiji
Japan. There is no specific study on the historical
development of geological knowledge and tech-
niques, and no research on the relationship between
religion and natural sciences or geology. The few
passages on the contribution of Chinese geological
expertise and theories in Japan, included in the book
Chinese Sciences and Japan by Yabuuchi (1978), or
the paper ‘Science and Confucianism in Tokugawa
Japan’ by Craig (1965), are two examples of the
potential for a study of pre-Meiji intellectual
approaches to nature, and of the little space dedicated
to this subject.

This lack of knowledge is disappointing from
the point of view of science historians and scholars
of Japanese history and anthropology, and is regret-
table from the perspective of the history of knowl-
edge and sociology. Understanding the history of
geological interpretations, or of mining and miner-
alogy, and the history of the relationship between
religion and geology in Japan before the introduc-
tion of western scientific methods, and more gener-
ally the approach of pre-Meiji Japanese culture
to natural sciences, means achieving a deeper
understanding of a number of facts. For example,
understanding the changes to Chinese geological
knowledge and technologies after their introduction
in Japan, and the reasons governing such changes,
would give us some insight into the social and his-
torical forces that shaped proto-scientific, technical
or rational thinking in Japan, and more generally the
issues involved in the interactions between rational
thinking, craft knowledge, beliefs, societies and the
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understanding of the Earth. ‘Nature’ and ‘Earth’ are
not neutral concepts; they are culturally and histori-
cally defined and constructed. Geological thinking,
too, is a cultural product, and, especially in its
proto-scientific, religious or mythological form,
cannot be thought of as being independent of socio-
cultural and historical contexts.

On the other hand, in the voluminous literature
on Japanese religion, there are many references to
the ideas about the Earth held by pre-Meiji
Japanese. The same can be said about the rich
bibliography developed on the intellectual and
the general history of the archipelago. Moreover,
research on the history of Chinese natural sciences
and geology is well developed, especially as a
result of the contributions of Joseph Needham and
Yabuuchi Kiyoshi. In this context, the present
paper is a preliminary step in the direction of a
general overview that draws from these literatures,
and considers Japanese religious conceptions
about the Earth, its history, its phenomena and its
characteristics. The present paper is not a history
of geology in pre-Meiji Japan. I aim, more simply,
to conduct a preliminary discussion on the following
three questions about pre-Meiji Japan. Which were
the most popular or influential religious and mytho-
logical explanations of geological subjects in pre-
Meiji Japan? Which were the most popular ideas
on the formation of the Earth, the Earth’s age, and
geological features and phenomena such as fossils
or earthquakes? What is the relationship between
religious, scholarly and dominant interpretations
on geological matters? To answer these three ques-
tions it will often be necessary to digress from the
analysis of explanations on geological features,
and become involved in more general study of
myths, and of the religious and intellectual history
of Japan. Because interpretations of geological
facts, as well as of nature in general, were often of
a religious and philosophical nature, and can
appear in treatises on disciplines as remote from
geology as ethics, the analysis of such ‘geological’
thinking is often an epistemological study.

Preliminary observations

First, it is necessary to clarify some points related to
Japanese intellectual and religious history. In the
present paper the term ‘Japanese culture’ refers to
a varied ensemble of beliefs and cultures that are
observable throughout the history of the various
societies that have inhabited the Japanese archipe-
lago. The use of the singular form does not imply
the acceptance of a common definition of ‘Japan’ as
a historically, ethnically and socially homogeneous
society, nor the acceptance of the existence of a
Japanese spirit (Nihon no kokoro) since ancient

times until today, such as has been assumed by
many Japanese scholars. Projecting such contem-
porary mythological constructions of a national
identity onto the past is a historically inaccurate dis-
tortion of reality with no scientific justification.

From prehistoric Japan an ensemble of beliefs
and views on the Earth and on nature has survived,
although with important changes, until today. Col-
lectively labelled Shintd, these beliefs and socio-
religious institutions are an essential constituent of
Japanese religious and intellectual history, and are
still an integral part of the socio-cultural approach
to many geological features, such as mountains or
cinnabar ores. The philosophical and religious tradi-
tions that came from China and Korea, starting
around the sixth century, such as Taoism, Confu-
cianism and neo-Confucianism, and the different
schools of Buddhism, became an integrating
feature in Japanese culture and influenced, among
other things, views on nature, the Earth and geologi-
cal features. Together with these cultural elements
introduced from the continent, were also theories
and speculations on the Earth and on geological
matters, as well as expertise and knowledge on
mining and mineralogy. The ‘foreign’ religions,
technological expertise and philosophies added
new views and beliefs to the existing ones, but did
not erase them. Moreover, they stimulated a syn-
thesis between different doctrines and concepts, so
that a number of philosophical theories and reli-
gious beliefs resulted from the interaction of conti-
nental and local thinking. From a religious point of
view, these theories usually go under the name of
shinbutsu shiigo: literally ‘synthesis between
Shintd and Buddhism’. These unifying theories
and theologies also involved many elements of
Taoism and, to a lesser extent, of Confucianism.
When Buddhism was introduced in China, it was
interpreted and translated using many Taoist
words and concepts. Thus a first synthesis had
already happened outside Japan, and the forms of
Buddhism that arrived in Japan included many
Taoist elements. An idea of the length and complex-
ity of the process labelled shinbutsu shiigo is given
by the great number of myths and theologies that
have been created to explain (or prove) the identity
between Shintd Gods and Buddhas, for each of a
large number of divinities of the extensive Shintd
pantheon. This syncretistic approach was based on
the idea that the local Gods were avatars, or mani-
festations, of the Buddhas. There were also expla-
nations that reasoned the other way around, and
saw the Buddhas as extensions, outside Japan, of
the local Gods.

Because it is easier (and long established) to
think about Buddhism, Shintd, Confucianism and
Taoism as separate, independent traditions, scholars
of Japan often distinguish these four major schools,
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and I will follow in this simplification. However,
this does not correspond to the reality of pre-Meiji
Japan’s speculative and religious life, where we
can easily count more than a hundred religious
and philosophical groups, schools or sects. Virtually
all of them had a syncretistic approach, incorporat-
ing elements of at least two of the above-
mentioned traditions.

The myth of Izanagi and Izanami

If we define the beginning of ‘history’ as the
moment when a society starts writing, Japan’s
history began with the adoption of the Chinese
writing system, by the political and intellectual
élites, in around the sixth century AD. However,
the first complete documents that have survived
are the Kojiki (712), usually translated as Records
of Ancient Matters, and the Nihonshoki (720), or
Chronicles of Japan. These two texts include the
mythological and historical patrimony of some of
the ancient inhabitants of the Japanese archipelago
(who became the dominant culture), ranging from
explanations of the origin of the world, to more his-
torically related chronicles of the first kings and
emperors. These texts are very important because
they give us an insight into prehistoric and early his-
torical Japanese ideas about the Earth, and because
their content has been interpreted and used through
the centuries (and still is today) by intellectuals,
politicians and priests, to explain the contemporary
state of being, and sometimes to justify alleged
‘original’ and ‘indigenous’ views as opposed to
imported and foreign cultures.

The Kojiki and the Nihonshoki often have the
same content, although they were compiled for
different purposes. The former was intended for
internal use: the rulers ordered its creation to
impose an official view on historical and mythologi-
cal matters, putting together the myths and traditions
of different clans. It was ‘shaped and tinted by urge
to exalt an imperial line running from the Sun
Goddess . . . to the emperors and empresses reigning
in the seventh century’ (Hall 1997, p. 2), as it is
clearly stated in the introduction:

The Heavenly Sovereign commanded, saying: ‘I hear that the
chronicles of the emperors and likewise the original words in the
possession of the various families deviate from exact truth, and
are mostly amplified by empty falsehoods. If at the present time
these imperfections be not amended, ere many years shall have
elapsed, the purport of this, the great basis of the country, the
grand foundation of the monarchy, will be destroyed. So now I
desire to have the chronicles of the emperors selected and
recorded, and the old words examined and ascertained, falsehoods
being erased and the truth determined, in order to transmit [the
latter] to after ages (Chamberlain 2005, pp. 10—11).

The Nihonshoki, on the other hand, was written in
Chinese, and was to be presented at the Chinese

court, the great power of the time and one of the
main sources of political legitimacy. When
reading these first two texts we need to remember
their political intent, which probably bent some
traditions to political interest and excluded others.
Both texts followed the pattern of a progressive
passage from chaos to order thanks to divine inter-
vention. They both ‘divide time into discrete ages:
(1) chaotic time, or acosmic time . .. (2) cosmogo-
nic time, or the divine age ... (3) legendary time,
or the heroic age . .. (4) historical time’ (Metevelis
1993, p. 384).

At the beginning, three primeval Gods ‘were . ..
born alone’ (Chamberlain 2005, p. 4), according to
the Kojiki. It should be noticed that the terms ‘God’
and ‘divinity’ are translations of the Japanese word
kami, which has a wider meaning than its English
counterparts and includes a pantheistic and animis-
tic conception of ‘divine’. A kami can be a God as in
the western sense, an anthropomorphic or zoo-
morphic superior being, or a higher form of intelli-
gence, but it can also be a form of energy, a
particular feature of nature, such as a rock, or a
mountain, or even a very old tree. It can be benevo-
lent or malevolent, or neither. The ancestors are also
kami. Although the origin of the Earth was not
clearly explained in either text, there is a passage
in the introduction of the Kojiki about a change
from a chaotic universe to an ordered one, thanks
to divine action. This explanation is more speculat-
ive than the rest of the text, and includes concepts of
Taoist origin, such as the distinction between form
and force, or the existence of passive and active
energies. Moreover, this passage is included in the
introduction, written by and for a ruling elite edu-
cated in Chinese culture, as a presentation of the
following corpus of myths and records. Therefore,
its value as a document on pre-Chinese vision
about the Earth is disputable:

when chaos had begun to condense, but force and form were not
yet manifest, and there was nought named, nought done...
Heaven and Earth first parted, and the Three Deities performed
the commencement of creation; the Passive and Active Essence
then developed, and the two Spirits became the ancestors of
all things (Chamberlain 2005, p. 4).

The two spirits, a male and a female kami, were
Izanagi and Izanami, the two ancestral Gods who
created most of the existing divinities, including
the islands of Japan. The myth of these two Gods is
very useful to understand ancient Shintd ideas
about the Earth, its (divine) origin and nature.
Izanagi and Izanami were ordered by the other
Gods to ‘make, consolidate, and give birth to this
drifting land’, as the Earth was ‘young and like
unto floating oil’, and ‘drifted medusa-like’ (Cham-
berlain 2005, pp. 17—-18). The divine couple was
given a spear, and
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standing upon the Floating Bridge of Heaven, pushed down the
jewelled spear and stirred with it, whereupon, when they had
stiffed the brine till it went curdle-curdle, and drew [the spear]
up, the brine that dripped down from the end of the spear was
piled up and became an island. This is the Island of Onogoro.
Having descended from Heaven onto this island, they saw to the
erection of a heavenly august pillar, they saw to the erection of
a hall of eight fathoms (Chamberlain 2005, pp. 21-22).

Izanami and Izanagi then copulated, and from their
sexual intercourses were born 14 islands and
35 deities, all listed in the Kojiki with their names
and attributes. The first things to be created were
the eight major islands of Japan. The other divi-
nities were concerned with order on the Earth:
they ruled over (and were) the oceans and the
waters (e.g. the deities Great-Ocean-Possessor,
Water-Gates, or Earthly-Water-Divider), the atmos-
phere (e.g. the deity of Wind), and the Earth (e.g.
deity of Trees and deity of Mountain).

From this myth we can see that the ancient
Japanese had an animistic concept of the Earth as
consisting of divine islands in the ocean, a vision
of the world of pre-historical (and possibly Malayo-
Polynesian) origin, which mirrored the collective
experience of the people who conceived it. Logi-
cally, in historical times such a view could not
remain unchallenged by the confrontation with the
existence of China and Korea, or of the many
countries and regions cited in the Buddhist and
Chinese literature such as India, Central Asia or
SE Asia. However, the idea of a sacred and divine
genesis of the Japanese islands did not disappear,
and has survived until today. Generalizing, we can
say that in historical times this myth has often
been explained not as the description of the creation
of the Earth, but as the account of the birth of the
sacred Japanese archipelago and of the sacred
Japanese nation. Such ideas were not the preroga-
tive of popular religion: they were discussed by
scholars and played an important role whenever
differences (often politically motivated) surfaced
between partisans of the indigenous and of foreign
cultures. The ancient texts were very useful instru-
ments for nativists of all times. Let us consider, for
example, Motoori Norinaga (1730-1801), one of
the greatest philologists in Japanese history, and
one of the most renowned among the nativists of
the Tokugawa period (1600—1868). He considered
the Kojiki as completely and historically authentic.
In his Naobi no mitama (The spirit of the deity
Naobi, fourth and final version published in 1790)
he made it clear that what was written in the
Kojiki is true. He wrote that ‘all things in this
world are the design of the Gods’ (Nishiyama
1991, p. 24) and that ‘Japan is where the awesome
Sun Goddess, the ancestor of all the Gods,
appeared. This is why Japan is superior to all
other countries ... She decreed that Japan was the

land where her descendants would reign forever’
(Nishiyama 1991, p. 27). Norinaga was a member
of a group of nativists called kokugaku (literally
‘national learning’), which, during the Tokugawa
period, was in opposition to the dominant and
Sino-centric, neo-Confucian schools. Among the
‘national scholars’ who held similar views, were
Kamo no Mabuchi (1697-1796), a poet and philol-
ogist who sustained the divine origin of Japan in the
essay Kokuiko (Thoughts on the Idea of Nation,
1765), and Hirata Atsutane (1776—1843). The
latter incorporated in his theological philosophy
the works on natural sciences by Jesuit missionaries
such as Diego de Pantoja (1571-1618), Giulio
Aleni (1582-1649) and especially Matteo Ricci
(1552-1610). In more recent times, the concept
of ‘the divine nation’ has been reused for propagand
a purposes by militarists.

The myth of [zanagi and Izanami also gives us a
glimpse of one of the ancient Japanese ideas on the
structure of the universe: a heavenly world, resi-
dence of the first ancestral Gods, called ‘the plain
of heaven’, existed above the Earth. From the devel-
opment of the story of Izanami and Izanagi, we also
know that there was an underworld or kingdom of the
dead. In fact, after giving birth to the God of fire,
Izanami died because of the burns she received to
her genitals. Izanagi, unable to accept the death of
his beloved wife, followed her into the underground
kingdom, to bring her back. However, the view of
her decomposing body disgusted him, and he fled.
Once outside the underworld he blocked its entrance
with a rock. The Kojiki gives the specific location of
this place: the Ifuya pass in the region of Izumo, in
Shimane prefecture on the southwestern coast of
Honsht. From the actions that followed his separ-
ation from his beloved, and from his ablutions in
the Tachibana River, a number of new deities were
born. Among them, from the washing of his right
eye was born the moon, and from that of his left
eye the Sun, ancestor of the imperial family, a
female deity called Amaterasu.

Buddhism and the metaphysical approach

A major difference between Shintdo and the conti-
nental philosophical and religious traditions has
to do with the concept of time, which influences
also the notion of origin. Time in Shinto is linear.
The Kojiki and the Nihonshoki gave specific dates,
starting with the first, semi-mythical Emperor
Jinmu, who was born, according to the Kojiki, in
660 BC. The texts also listed the genealogy of all
the descendents and ancestors of Amaterasu. Her
great-grandson, Hikohohodemi no Mikoto, was
the grandfather of Emperor Jinmu. There were
therefore eight generations from the first generation
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of Gods to the first Emperor. The origins of the uni-
verse and of the Earth, according to the mythology
of the Kojiki and of the Nihonshoki, were therefore
eight divine generations before 660 BC. Eight was a
symbolic number associated with the meaning of
great or infinite quantities, as also shown by the
famous expressions yao yorozu no kami, literally
‘the eight myriads of Gods’. To my knowledge,
no attempt was made, based on the Kojiki chronol-
ogy, to calculate the Earth’s age.

Markedly opposed to Shintd’s linear conception
of time is the Buddhist idea of cyclical time, which
had a very strong influence in Japan. Furthermore,
Buddhist teachings and metaphysics diverge greatly
from Shintd’s conception of a divine Earth created
and made of matter. One of the philosophical
foundations of Buddhism is the principle of the
illusory nature of the world. In Japan, as in China,
this notion has boosted the development of doc-
trines that we can generalize as idealistic and
based on the assumption that reality occurs only
in the mind. These theories eventually caused an
attitude of disregard towards the empirical obser-
vations of nature, a great ‘weight ... on the scale
against ... science’ (Ronan 1997, p. 250). Bud-
dhism has been the tradition that contributed the
least to theoretical speculation on geological fea-
tures and phenomena. However, Buddhist monks
participated in many activities such as mining, the
study of ores, and copying and making commen-
taries on of Chinese lapidaries, and thus contributed
to the development of technologies and expertise.

In Buddhism, time is often conceived as infinite
in an infinite space. Buddhist texts usually do not
provide explanations of the origin of the Earth or
of the universe: that would contradict the foun-
dations of the teaching itself. Ideas of a creation,
birth or origin of the universe are generally not con-
templated and are rejected. The world is regarded as
the continuous and never-ending cycle of samsara:
an eternal and causal chain of facts, actions and
reincarnations. Besides being infinite, the Buddhist
concept of time is also composed of cycles, each of
which starts with the arrival of a new Buddha and
lasts one kalpa. A kalpa (a concept borrowed
from the Indian tradition) is an aeon, the life span
of a universe, which can vary depending on the
different interpretations and calculations. In early
Buddhist India it was calculated based on obser-
vations of the precession of the Equinox, and
usually estimated to at 4 320 000 years. In Chinese
and Japanese Buddhism the kalpa has partially
lost its original meaning of ‘life span of the universe
calculated on astronomical observation’ and has
became a form of measuring the age and phases
of (and to forecast the end of) the universe based
on philosophical, religious and theoretical assump-
tions. Thus kalpas may have different religious or

philosophical values, and lengths of time that vary
between some thousands of years to over a trillion
years. For many Buddhist schools, the beginning
of a new kalpa means the reappearance of the true
teaching (i.e. of a new Buddha), but not a physical
change in the universe. According to other
schools, the end of a kalpa means a catastrophic
end of the world, characterized by great calamities
(e.g. floods, earthquakes, volcanic eruptions), and
the spiritual and physical renewal of the Earth or
the universe.

Neo-Confucian naturalism and Japan

This latter interpretation of kalpas was used in
China, especially in the thinking of neo-Confucian
naturalists, to explain the existence of fossils, in a
manner that vaguely resembles certain western
interpretations of fossils as a consequence of the
biblical Flood. Let us consider, for example, the
writing of Zhu Xi (1130—1200), a Chinese scholar
also known in the west as Chu Hsi (in Japanese
Shushi). During the Tokugawa period he was one
of the most influential neo-Confucian authors in
Japan, and gave his name to a school of thought,
the Shushi-gaku, literally ‘Studies of Zhu Xi’. In
the Zhuzi quanshu (Collected works of Master Zhu
Xi), after describing the periodical destruction of
the world and its regeneration, Zhu Xi explained
how fossils are petrified living being that prove
the existence of these cycles:

the frontiers of sea and land are always changing and moving,
mountains suddenly arise and rivers are sunk and drowned.
Human things become utterly extinguished and ancient traces
entirely disappear ... I have seen on high mountains conchs and
shells, often embedded in the rocks. These rocks in ancient time
were earth or mud, and . . . lived in water. Subsequently everything
that was at the bottom came to be at the top, and what was orig-
inally soft became solid and hard. One should meditate deeply
on such matters, because these things can be verified (Ronan
1997, p. 290).

Among the Japanese scholars belonging to Zhu Xi
school, the philosopher and botanist Kaibara
Ekken (1630-1714) distinguished himself as a
naturalist and scientific observer.

Confucianism did not present a homogeneous
explanation for the origin of the Earth, and often
borrowed Taoist terms and concepts. Among neo-
Confucian scholars the subject was more debated,
although not necessarily in scientific terms. Two
concepts were central in the cosmological specu-
lation of neo-Confucians: /i and gi (in Japanese
ri and ki), respectively the ‘rational principle’ and
the ‘psycho-physical substance’. In Japan, during
the Tokugawa period, neo-Confucianism became
a pillar of the Tokugawa state, and Japanese scho-
lars produced original writings and theories on the
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origin of the universe, the Earth and human beings.
These investigations were usually discussions on
the forms of the interaction between ri and ki, and
were often related to theories of ethics and
political science.

There was, among Chinese neo-Confucian nat-
uralists, a notable interest in rational and speculat-
ive analysis of the Earth’s features, and the works
of these scholars were very familiar to Japanese
intellectuals. For example, the achievements of
Shen Kuo (1031-1095; Japanese Shin Katsu)
related to geological studies were known. After a
critical and rational observation of marine fossils
(especially bivalve shells), calcareous sediments
and different shapes of the rocks on the mountains
of Taihang, and also using records on findings of
fossils and of petrified bamboo forests, he formu-
lated a theory of geomorphology that included the
concepts of weathering and erosion, sedimentation,
mountain uplift, climate change, and the ancient
Taoist concept of sang tien, ‘the long periods of
centuries during which the sea is turned into dry
land’ (Ronan 1995, p. 291). Between the second
and the eighth century, the concept of sang tien
had become relatively close to the idea of a ‘geo-
logical era’. In Chinese literature, which was
highly regarded and considerably studied in Japan,
the first reference to fossilized vertebrates is the
mention of ‘stone fishes” by Li Daoyuan (?—527)
in his Shui jing zhu (Commentary on the Water
Classic, sixth century). After that, the existence of
fossil animals was widely discussed. Fossils were
recognized as having once been in the sea by
authoritative scholars such as Du Wan, who also
compiled the first lapidary that has survived to the
present, the Yun lin shi pu (Stone Catalogue of a
Cloudy Forest, c. 1126—1133), in which 114
stones were listed and described, and their sources
mentioned. In Japan this work was particularly
appreciated among experts in gardening and
bonsai. Du Wan also disproved experimentally an
ancient heliokinetic theory that explained the pre-
sence of shells on mountains by their transport
there by strong winds. He went to various locations
where there were shells, marked them with ink, and
checked that they did not move after regular inter-
vals of time and after storms. Moreover, in the
Chinese pharmacopoeia, from at least the Sung
period (907-1279), pulverized fossils were
employed as a remedy against various diseases
related to lack of calcium. This use encouraged
the composition of taxonomies based on fossils’
shapes and pharmaceutical purposes. The Japanese
were also aware of many other Chinese achieve-
ments and theories, including seismograph project
by Zhang Heng (78-139; also known as Chang
Heng), and theories by other scholars that explained
the formation of rocks, metals and ores by inter-
actions of thunder, mass, pressure and exhalations

(see Ronan 1995, pp. 306—307). This rich ensemble
of proto-scientific theories, however, was only
part of a range of explanations regarding the Earth
and its phenomena, and was not the most
widely recognized.

Taoism and geology

Taoism is probably the most pertinent school in
relation to geology. In Japan Taoism had a virtual
monopoly over divination since the Heian period
(794—1185). Taoist diviners, called onmyaji or
on’yoji, were among the highest dignitaries of the
imperial and shogun courts, and were usually con-
sulted to choose the locations of palaces and even
cities: the settings of the capitals of Nara and Heian-
kyo (nowadays Kyoto) were decided following the
geomantic analysis of the court’s onmyaji. In the
past, Taoist geomancy was widely used also by
common people as well as nobles, to choose
locations for all kinds of buildings, and to decide
the shapes and position of buildings. Today these
divination methods are still widely used in Japan
to forecast when it is propitious to get married,
travel or invest money, but are very rarely
employed to decide where to build houses.

Taoism was born as a form of divination, and
never emancipated itself from this aspect. How-
ever, its century-long empirical and geomantic use
brought a great deal of experiential enrichment.
Taoist geomancers were not just fortune tellers,
but specialists who had the same social function
as present-day geologists and engineers in the
planning and evaluation of sites and constructions.
Although wrapped up in ritual and esoteric notions,
their instructions were not without practical con-
sequences, and it was in everybody’s best interest
to give and receive good guidance. We can also
assume that, to be a high ranked onmydji, one
needed a sense of diplomacy and understanding
of the needs of the commissioners. We can also
presume that the esoteric components had the
double social role of augmenting the prestige of
this specialty and of helping maintain the knowl-
edge in the family and among adepts (handing
down job expertise inside a family is a recurrent
characteristic of Japanese division of labour since
ancient times).

Taoist geomancy included practical and empiri-
cal modes of site observation and decision making,
although these were mainly expressed with the
words of fortune telling. This process started from
observations of the geographical and geological
reality, which in some ways resembled the
procedures of present-day geologists and urban
planners. The first operation was the observation,
eventually drawn on a map, of the distributions of
the five (Chinese) elements in the area where a
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building (or a city), was to be built, looking for a
position of ‘equilibrium’. Possible orientations of
the project were also considered: Taoist geomancy
reserved an important place for the ‘five (Chinese)
cardinal directions’ (north, south, west, east and
the centre), associated with favourable or unfavour-
able conditions. These preliminary observations
were sufficient for a location or position to be
rejected: too much of an element, a wrong exposure
to the north, or a bad rapport between elements and
cardinal points, meant that the placement was
unsuitable. We should observe that in such an
approach there was a combination of religious—
divinatory methods based on non-scientific assump-
tions, but also elements of pragmatic observation.
Being too close to a steep mountain slope would
be considered a danger, and was called an excess
of the earth element; a location too close to a river,
or in the wrong position relative to river banks,
was explained in religious—geological terms as too
much of the water element, and would require pro-
tection from potential floods.

Some Taoist theories can also be defined as
proto-physics, as they were founded on a concept
of the universe that starts from energy and matter.
Energy transforms itself in matter, and the combi-
nations and interactions of energy and matter are
the basis of the known universe. In Taoism, yin and
yang are the two universal elements, respectively
the negative and the positive energies. The combi-
nation and interaction between these gives rise to
five phases of energy, also called the five elements:
wood, fire, earth, water, metal. As the combination
of yin and yang forms the entire universe, the divina-
tion method could be used for any kind of matter or
situation: the inner human world, the Earth, or
society, for example. This idea of a cosmological
interconnection permeated many religious and
intellectual viewpoints in pre-Meiji Japan.

In Taoism, the universe self-generated according
to the universal principle called Tao, which is empty
and always in motion. One of the most ancient and
influential Taoist books, the Tao Te Ching (com-
posed, according to tradition, during the sixth
century BC), explained the universe as being self-
formed following the natural order (the 7ao):

“There was something formless and perfect, before the universe
came into existence. It was serene and empty, solitary, immutable,
infinite and eternally existing. It is the mother of the universe. I call
it Tao, not having a better name . .. Man came after the Earth. The
Earth came after the universe. The universe came after the Tao.
The Tao comes after itself (Tao Te Ching 25).

Observations on Shintd’s approaches to
geological features

In pre-Meiji Japan, in addition to the speculative
and mythological explanations of time, fossils or

the origin of the Earth mentioned above, there
was a vast corpus of myths, rites and beliefs, with
regional and historical variantions, related to geo-
logical features and phenomena. They involve a
fundamentally animistic and pantheistic concept
of the Earth, very often of Shintd origin, and a
mythological explanation of natural phenomena.
Many of these explanations survive to this day,
sometimes in a secularized form, but often conser-
ving a religious and a social function. We should
not, however, assume that all the folk literature on
geological or natural topics is or was regarded as
truth. In pre-Meiji Japan there was much space for
scepticism, and there were different approaches to
religious beliefs according to social status. From
an overview of the abundant literature by Japanese
intellectuals since the eighth century, we find con-
siderable criticism of popular beliefs, sometimes
based on forms of Confucianism. Also, there is
clear evidence that many legends were treated as
amusing oral literature by common people. Many
of these stories survive in children tales and folk
traditions (oral literature and songs), and are today
printed in tourist guides and pamphlets. As an
example of such an approach to geological features,
we can cite the first Japanese novel that has sur-
vived to the present, the Tale of the Bamboo
Cutter (Taketori monogatari, written c. AD 920
but probably composed centuries before). At the
end of the novel, we find out that Mount Fuji
smokes because a king burnt an elixir of life on
its peak. There are many local variants of this
story, but they all have in common the explanation
of smoke coming out of a volcano as the result of
actions on, or of, a magical object.

Another example of the richness of Shintd con-
cepts of the Earth and the universe is the cosmogo-
nies. The vertical and tripartite (Gods, humans, and
the dead) cosmogony that we deduce from the first
pages of the Kojiki was not the only one existing in
ancient Japan. From anthropological data, as well as
from some stories in the Kojiki, we can recognize
the co-presence, in ancient as well as in contempor-
ary Japan, of at least two other cosmogonies, both
‘horizontal’: a qualitatively dual, but geographi-
cally adjacent space. According to this idea, the
Gods and the ancestors do not live in heaven, but
close to humans. In particular, the mountains are
the residences of the dead, and of a very important
divinity, such as yama no kami (the ‘God of the
mountain’), who comes in spring to give fertility
to the rice fields, becoming ta no kami, the ‘rice-
field God’. The rituals to welcome this divinity in
the spring, and to bid it farewell in autumn, are
still an important part of rural life. There was also
a diffused variant of this ‘horizontal’ cosmogony,
which today has almost disappeared: the belief in
the existence of a world of the Gods and/or of the
dead under the ocean, or far away in the ocean, a
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world that was also cited in the ancient texts.
Remains of this belief are still visible in some
parts of Japan during the o-bon ceremonies. The
o0-bon, which occurs in the middle of August, is
one of the two most important annual celebrations
in Japanese culture, along with the New Year. It
is believed that during the days of the o-bon the
souls of the deceased return to visit their relatives.
The rituals of separation at the end of the o-bon,
called shoryo okuri (literally ‘to send away the
souls of the dead’), often involve the use of boats
entrusted to rivers, lakes or to the sea, to indicate
the way and to help the dead return to their land.

In addition to the story of Izanagi and Izanami,
there are two other myths in the Kojiki that illustrate
ancient Japanese ideas on natural features or
phenomena. One explains the ocean’s tides by the
existence of a magical jewel, which commands
the level of the oceans. The other is the myth of
the heavenly grotto, which tells how the actions
against order and purity by the God Susanoo,
brother of the Sun Goddess, resulted in the first
eclipse. ‘Terrified at the sight [of his brother’s mis-
deeds, Amaterasu] closed [behind her] the door of
the Heavenly Rock-Dwelling, made it fast, and
retired. Then the whole Plain of High Heaven was
obscured’ (Chamberlain 2005, p. 64). Only a festi-
val, with dances and laughing, could make her
come out again. This rapport between feast and
the natural order, as well as the use of rites to try
to influence nature’s processes, was and is central
in Shintd. We find it also in the ancient Chinkon
ceremony, which was performed near the winter
solstice to help the waning sun, and its earthly
counterpart, the emperor’s soul, to reinvigorate
and pass to the waxing phase.

Also very important in Shintd, and related to the
conception of nature, is the idea that impurity and
corruption are causes of imbalance in the natural
order, and therefore are sources of negative
natural events (including earthquakes, landslides,
etc.). Purification is thus a central part of Shintd
rites. In Shintd shrines there are always water
basins for visitors to clean their hands and mouths
and, symbolically, their souls. Before the founding
of the city of Nara (seventh century AD), the site
of the capital was changed with each Emperor’s
death, to avoid the impurities associated with this
event. Rituals to please or pacify the kami, and to
purify the Earth, are generally performed before
undertaking works that include constructions on
unused ground, or digging, by individuals as well
as by major corporations. Before building houses,
factories, offices, or any other kind of structure, a
simple sanctuary may be constructed, or ritual pre-
cautions taken, such as marking out sacred spaces
(usually rectangular) by means of sacred straw
ropes (shimenawa). Shintd priests then celebrate

the ceremonies of jichinsai, ‘calming the Earth’.
A similar approach is visible in the richness of
temples and shrines to calm the local divinities
and ask their protection and help, in all the major
mine complexes of Japan. The site of the Iwami
Ginzan silver and copper mines complex
(Shimane Prefecture), for example, which was the
most exploited at the beginning of the Edo period,
and has recently been added to the UNESCO list
of World Heritage sites, includes four shrines and
63 religious and ritual sites with different functions:
protecting the miners, praying to and ingratiating
the local gods, and helping to improve the profits.
Ceremonies to appease local Gods, Earth Gods
and other kind of divinities who may be disturbed
by engineering or mining works are often not
perceived as being in contradiction with today’s
society, or with science. Contemporary Shintd
priests, as well as educated people including some
academics, have developed various notions to
reconcile this religious approach with present-day
scientific views. These include ideas stressing the
extra-religious value of tradition (e.g. cultural
importance of folk culture, social importance of
customs, etc.) and various ways of combining reli-
gious beliefs with scientific views (e.g. a ‘comp-
lementary spheres of knowledge’ approach).

In ancient as well as contemporary Shintd, a
number of geological features are considered
sacred. It is not uncommon, for example, when
travelling in Japan, to see rocks surrounded with a
straw rope (shimenawa) or with a strip of cut paper
(gohei), both of which indicate a sacred space.
Festivals involving rituals with sacred rocks are
also common. Often, they involve the changing of
the (sometimes massive) straw ropes. The sacred
rocks seem to have no specific geological character-
istics in common. Probably the most famous sacred
rocks of Japan, visited by at least two million tourists
and pilgrims every year, are the meoto iwa (husband
and wife rocks), in the village of Futamigaura
(Mie Prefecture), a few kilometres from the great
shrines of Ise, where the Sun Goddess Amaterasu
is worshipped. Other geological features that are
personified, deified or venerated include fossils and
meteorites. Several hundred shrines in Japan,
called hoshi jinja (star shrines) or with similar
names, are dedicated to meteorites, or to places
where meteorites are thought to have fallen.

Mountains are the best known, and by far the
most valued or deified geological features in
Shintd as well as generally in Japanese religion and
history. To this day, virtually every major Japanese
mountain hosts rites and religious activities and is
the object of cults and worship. Such activities
involve no specific social group, but in most cases
are regional traditions performed annually by
members of a local community. In more than one
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case, during my field-work in the Kii peninsula, I
have met academics who joined in mountain reli-
gious activities as a form of self-improvement
and/or as a contribution to preserve traditions.
Scientific and religious views are not perceived as
contrasting, but as pertaining to different spheres
of knowledge, and religious activities do not seem
to affect geological understanding of mountains:
lay people or priests may know very little of
geology, and esteem scientists as repositories of
specific, scientific knowledge. There are also cases
of co-operation between geologists or engineers
and priests: when industrial, mining or sampling
activities are judged undesirable from a religious
point of view, or to avoid intervention on mountains
or sacred sites causing a negative or harmful divine
reaction, rites to placate the Gods or to ask their per-
mission are performed before work begins. Also, in
some cases where ammonites and meteorites that
were worshipped in shrines have been moved to
museums or universities, rites have been performed
to request permission of the Gods, and placate them.

As Japan is a country that is seismically very
active, it is not surprising that there are many expla-
nations, beliefs or rituals concerning earthquakes.
As Miyata & Takada (1995) have shown, the idea
(common among contemporary Japanese) that in
ancient times people believed that earthquakes ori-
ginated by the movements of a giant catfish that
held up the Earth has no confirmation in ancient
texts or beliefs. However, since ancient times, a
giant mythological catfish, called namazu, has
been associated with natural disaster in general.
The namazu belongs to the group of monsters and
non-human (or partly human) creatures collectively
known as yokai, which are very common in
Japanese folk religion. It was thought that disasters
were due to an imbalance of cosmic forces, which
could have been caused by the namazu or by other
factors, including human disrespect for the Gods
or impure actions. According to some scholars,
the ancient Japanese identified all natural disasters,
including bad weather for agriculture, floods,
droughts, typhoons, tsunamis and earthquakes, as
a personified force, caused by cosmic imbalance,
called the ‘stern father’. It is in the urban areas
of the late Tokugawa period (1600—1868) that
namazu were specifically associated with earth-
quakes. According to this later interpretation, the
catfish supported Japan, and earthquakes were
caused by its movements.

Shugendo as an example of religious
taxonomy of geological features

An example of a syncretistic school that gives an
idea of the richness of religious, but also esoteric

and nonscientific, approaches to geological fea-
tures in Japan is the shugendo. Probably around
the seventh century, the mixing of local cults,
especially those related to mountain worship, with
Buddhist and Taoist practices and ideas created this
very important and influential religious movement,
which for many centuries, and especially between
the Kamakura (1184-1333) and Muromachi
(1333-1568) periods, had a great number of prac-
titioners of all social classes. Shugendo produced
many schools, practices, rites and myths, mostly
related to mountain ascetics, and a complex under-
standing of nature, of the Earth, and above all of
mountains. This tradition is still part of Japanese
religious life, although today it is not as popular.
The shugendo practitioners are called shugensha
or yamabushi. They developed a range of ascetic
practices, which they periodically engaged in,
including ablutions under waterfalls and long pere-
grinations from peak to peak. These practices
usually included very strict contact with the moun-
tain environments, and often required considerable
expertise. They included passing through cracks in
the mountain for ritual purposes (‘passage through
the womb’, fainai kuguri), spending months clois-
tered in grottos meditating, or hanging over cliffs,
attached by ropes to rocks above. The reliance that
the practitioners had on the mountain, and the
danger of the practices and their lifestyle, necessitated
a pragmatic knowledge of the morphology of their
environment, and of certain fundamental geological
characteristics of it, such as for example the friability
of rocks or the accessibility of some areas. This is
evident also in the fact that they classified and
named most of the morphological characteristics of
their landscape, adding a symbolic and religious
interpretation to their pragmatic knowledge of the
Earth. They classified rocks according to their
shape, ritual functions and religious significance:
such typologies include, for example, the ascetic
rocks (gyodo-iwa), the peeping rocks (nozoki-iwa),
the flying rocks (tobi-iwa), the fishing-boat rocks
(tsuribune-iwa), the needle hole (hari no mimi), or
the rocks to be climbed using chains (kusari gyoba).
These names have little connection with petrological
classification but a strong tie with their religious func-
tion. Ascetic paths, grottos and fissures in the moun-
tains also had different names according to their
ritual uses, positions, shapes or colours.

Social division of labour and geological
expertise

As the great complex of the Iwami ginzan mines
shows, a good level of mining expertise had been
reached by at least the end of the 16th century in
Japan. Boosted by favourable prices, and by
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national and international demand, the production
of silver from this site grew steadily and reached,
during its peak period (1530s—1640), an annual
production between 1000 and 2000 kg, one of the
greatest in the world at the time, with a record
peak of almost 20000 kg around 1600—1602
(UNESCO 2007). The archaeological remains
show sophisticated extraction and refining tech-
niques: dressing, smelting, refining and cupellation
(with advanced techniques introduced from Korea)
were conducted on site. However, the expertise
related to this industry remained confined to the
mines’ investors or administrators, and to the
miners, who usually lived in villages near the pits
and shafts. No particular interest in the extraction
or refining activities, or more generally in mineral-
ogy or petrology, was expressed by intellectuals.
Neo-Confucians, who tended to study linguistics,
philology, ethics, history, literature and political
sciences, often expressed a clear disregard of tech-
nical research. As an example, during the 18th
century, when the production of silver became
more difficult and costly as shafts were dug
deeper into the ground, and caused great economic
loss to the nation, which was already showing signs
of a financial crisis, and when economic and engin-
eering research would have been most needed, the
best minds were involved in disputes such as the
renowned kokka hachiron controversy (1742—
1746), which touched ‘the most compelling issue
in quondam intellectual circles, namely, whether
the Way (or to use its Chinese equivalent the 7ao)
was a product of Nature . .. or of human invention’
(Nosco 1981, p. 77).

Mining expertise is just one example of a ten-
dency toward social compartmentalization of
knowledge that can be observed fairly often in
Japanese history.

A case that show this compartmentalization
from a religious point of view are the shrines dedi-
cated to a Goddess often called Niutsu hime, but
also known by other names, but always including
‘Niu’. These sanctuaries are found all over Japan
in places that are rich in cinnabar (HgS), a crystalline
form of mercury sulphide used in European and
Asian arts to produce the red pigment vermilion.
Beside the wide use as a pigment, it served as a
polishing agent for metallic objects such as bronze
mirrors or arrowheads. Tradition often ascribes the
discovery of mercury to Kobo Daishi, the posthu-
mous name of Kiikai (774-835), although most his-
torical records contradict this belief. The dates of the
foundation of most shrines connected with cinnabar
extraction make it impossible for him to have built
them. As in the case of most of the merits attributed
to him (e.g. the invention of the hiragana syllabary
or the creation of the famous Shikoku pilgrimage),
his figure is an archetype of the actions and progress

accumulated over the centuries by the many wander-
ing religious professionals, Buddhist itinerant
monks and mountain ascetics who are extremely
important figures in Japanese religious history.
Some scholars claim that Niu was the name of the
clan-God (uji-gami) of the clan that was in charge
of cinnabar mining. The function of the Niutsu
hime shrines was both practical and religious: they
were constructed to thank the Goddess of mercury,
to placate her for using such a substance, to invoke
her help, and to ensure the abundance of cinnabar.
They were mining centres, the laboratories where
cinnabar was ground, and the repository of the
mining and pigment-making techniques, which
were usually transmitted through one family
together with the monopoly on extraction.

Conclusions

We can infer the existence of five characteristics of
the intellectual and religious history of pre-Meiji
Japan that are linked with the development of
proto-geological thinking: (1) it was an environ-
ment generally inclined towards ideological and
religious heterodoxy; (2) speculations there on
natural sciences had a holistic approach; (3) a
great number of religious and intellectual auth-
orities existed, with no absolute power or preva-
lence over each other; (4) there was a frequent
supremacy of civil or military authorities over the
religious ones; (5) there was social compartmentali-
zation of knowledge and expertise. The combi-
nation of these five characteristics resulted in a
very rich and relatively peaceful cultural and reli-
gious environment, but also in the dispersion of
valuable knowledge because of its connection
with a particular school of thought, or with a class
or job, or because of the large number of existing
and competing theoretical approaches.

The fertile assortment of philosophical schools,
practical knowledge and expertise, and religious
doctrines described above drew freely from each
other and from a common reservoir of notions,
texts, symbols and practices, depending on the cir-
cumstances. The lack of supposedly absolute and
revealed truths in the traditions that coexisted in
pre-Meiji Japan may be related to the absence, in
Japanese history, of dogmas or holy wars, and to a
different understanding of the concept of heresy
(or heterodoxy) and consequently a different atti-
tude toward heretics (or heterodox theories). This
feature partially explains how it was possible that
very different views on the Earth’s origin, such as
Shintd parthenogenesis, Taoist proto-physics, neo-
Confucian cyclical renewal and Buddhist meta-
physical no-beginning, could coexist peacefully
and even influence each other. The theoretical and
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philosophical foundations of Shintd, Taoism and
Buddhism helped to avoid the imposition of a
unique view on subjects such as the origin of the
universe or the Earth and their features. For
example, besides the stress on non-violence and
compassion included in the teachings of Gautama,
among the many concepts of the Buddhist tradition
that promoted synthesis instead of tending toward
conflict is the idea of wupaya. Introduced by the
Mahayana schools, upaya (often translated as
‘vehicle’) can be considered as a relativistic view
of religious matters. It implies that there is one
ultimate truth, but many ways to reach it.

It is not my intention to portray an idyllic history
of religion in Japan. There have been repressions of
certain schools, persecution of religious leaders,
religious violence and battles between the armies
of different monasteries. Christianity was forbidden
at the beginning of the seventeenth century for more
than two centuries, and Christians were persecuted
and crucified. Buddhism too was persecuted, in a
less bloody way, at the beginning of the Meiji era,
when the ruling elites tried to impose Shinto as a
state religion. The main cause of a relatively peace-
ful and religiously very varied society was power
division. Both the structure and the socio-political
position of priests and monks in pre-Meiji Japan
guaranteed a certain level of harmony, as no reli-
gious authority had supremacy. The distinction of
roles between religious and political authorities
was established fairly early in Japanese history. At
the end of the eighth century, the capital was
moved from Nara to Heian-kyd to counter the
influence that the major temples based in the
former capital were gaining over the court. By the
ninth century, the pattern of regency by one
family had transformed the emperor into a symbolic
(and religious) figure with no real power. Since the
beginning of the Kamakura period (1185-1333),
when power passed completely into the hands of
the warriors (samurai), the distinction between the
emperor (a deified symbol of the country) and the
rulers (generals who were given the title of
shogun) was clear and definitive, and it continued
to be so until the Meiji period. The military govern-
ment that symbolically received power from the
emperor ruled over all the religious authorities:
over temples and shrines, and especially over the
major monasteries, which controlled land and
people. Such monasteries sometimes had a con-
siderable amount of power, and participated in pol-
itical struggles, and even in wars, with their own
armies of warrior-monks. However, the religious
authorities had a ‘polymorphic’ structure, with
hierarchies clustered around many establishments.
All the schools and churches of Japan have a hier-
archical organization of their priests and monks,
but the large number of churches creates a

decentralized system. The birth of new schools,
masters or sects was, and still is, a commonplace
and socially accepted fact. Moreover, most of the
schools usually have no ultimate religious authority
and very often have no holy book that is the
supposed repository of truth. The coexistence of a
number of religious and philosophical schools,
each with its own hierarchy, none ever predominant
enough to overpower the other, has also favoured
a polymorphic intellectual world, with a number
of coexisting views over the Earth, its structure,
history and features. Moreover, intellectuals,
aristocrats and clergy have often been separate
social classes, a division that has further increa-
sed the pluralism of Japanese religious and intel-
lectual history.

The holistic tendency, on the other hand, has
often been a decelerating factor for scientific develop-
ment, or for the affirmation of purely scientific
theories and methods. The lack of a strict division
between philosophical and religious speculation, the
lack of division between rational logic and mythologi-
cal or religious thinking, and the lack of subdivision
between natural sciences, have slowed down the
emergence of most scientific approaches. Geology
did not have the status of an independent field, and
explanations of the features and the history of the
Earth were part of other, broader approaches to
nature, which more often than not had a religious or
philosophical basis or background.

I would like to thank Professor Oldroyd for the English
editing and the helpful suggestions, Dr Kolbl-Ebert for
the corrections and support; Professor Kutsukake for the
presentation on Kiukai and Dr Yajima for the Japanese
editing.

Note

"This distinction between Shintd as ‘indigenous’ and

opposed to ‘foreign’ (i.e. Chinese, Buddhist and western)
is illogical when applied to historical Japan, which is the
result of the merging of pre-existing, indigenous cultures
with continental ones. Moreover, at the beginning of our
era, the Japanese archipelago was a place where different
ethnic groups cohabited, speaking different languages and
having different concepts of the Earth. The ancient texts
partly show this variety of approaches.
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Abstract: Johann Mathesius (1504—1565) was a Protestant minister in the northern Bohemian
mining town of Joachimsthal (now Jachymov in the Czech Republic). His Sarepta oder Bergpostill
(1562) is a collection of sermons in which he discussed various aspects of metals, minerals and
mining. His description of mineral generation emphasized the ‘gur theory’, which arose within
the sixteenth-century mining literature and became highly influential in the seventeenth and
eighteenth centuries. The sermons contained numerous biblical references to mining and mineral gen-
eration. These did not directly correspond to the generative theories he described, and their purpose
seems to have been inspirational rather than didactic. In this way, and by presenting the beauty and
utility of metallic minerals as an example of God’s providence, Mathesius encouraged his congrega-
tion of miners to take an interest in the more wondrous aspects of their labours. His work is significant
inits consideration of mineral theories, mineral identities and terminology, and as an early example of

a providential perspective that characterized many geological ideas of later centuries.

Johann Mathesius (1504—-1565) was a Lutheran
pastor in the mining town of St Joachimsthal. He
was born and raised in Rochlitz, in the northern foot-
hills of the Erzgebirge. His interest in metals and
minerals is first evident in his mining investments
and in the treatise entitled Quaestio de rebus metal-
licis that he presented during his theological studies
at Wittenberg in 1540. In this, Mathesius noted
natural associations between certain metals and
minerals. From his remark that the generation of
precious metals within the Earth had been diminish-
ing throughout history as God’s punishment for
increased human decadence (Partington 1969,
p- 64), we can see that he believed minerals to be
formed through natural causes although subject to
the will of God. He discussed this combination of
causes in the ‘mineralogical sermons’ that formed
his Sarepta oder Bergpostill (Mathesius 1562).

Mining in Joachimsthal

Joachimsthal lies on the Bohemian side of the
Erzgebirge in the Czech Republic, and it has the
present-day name Jachymov. The ores there occur
as a complex of metallic sulphide vein deposits.
They were rich sources of silver and lead, but
also involve tin, tungsten, bismuth, cobalt, nickel
and uranium mineralizations (Ondru$ er al. 2003,
pp. 13—17). However, the sixteenth-century mining
at Joachimsthal was focused on the extraction of
silver and lead (Schenk 1970, p. 4), although it
proved to be an important site for the gradual recog-
nition of other metallic substances, such as bismuth,
cobalt and various zinc compounds, which were

mentioned by Mathesius in numerous places in the
Sarepta oder Bergpostill.

Joachimsthal arose as an important mining town
during the first half of the sixteenth century. A pre-
vious mining settlement had been founded there
under the name Konradsgriin around 1380, but by
the middle of the fifteenth century had become
abandoned for unknown reasons (Schenk 1970,
pp. 4-5). Interest in mining the area was renewed
after a member of the local nobility, Pfandherr
Stefan Schlick (1487-1526), initiated further pro-
specting in 1516.

The early assaying results were encouraging, but
even richer veins were soon discovered, and a silver
rush quickly ensued. An influx of miners came first
from the surrounding towns, but gradually people
from the Harz Mountains, Switzerland, Salzburg
and the Tyrolean region came to live and work in
Joachimsthal. During the peak production period
of the 1530s there were around 18 000 inhabitants,
including several tens of mine-masters, around 300
foremen, about 800 supervisors, and 8000—9000
miners working more than 1300 mines, and produ-
cing 6000—7000 kg of silver annually (Majer 2004,
pp- 101-104).

Metallogenesis and biblical rhetoric
in the Sarepta oder Bergpostill

Following the completion of his studies in theology,
classical languages and mathematics at the universities
of Ingolstadt and Wittenberg, Mathesius began teach-
ing at the Latin school in Joachimsthal in 1530, and
witnessed the most rapid period of development in
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the mining activity there. In a turn of events
that must have seemed truly providential, his suc-
cessful speculation in a mining venture provided
the funds necessary for pursuing further theological
studies at Wittenberg, where he became an asso-
ciate of Luther and presented the above-mentioned
Quaestio. He returned to Joachimsthal in the early
1540s as a church deacon, and later became pastor
(Kettner 1957, pp. 25-26).

The Sarepta oder Bergpostill, first printed in
1562 (the 1571 edition has been used here), con-
tained sermons that he delivered to his congregation,
which was composed mainly of people directly
involved in mining. In these sermons he considered
the generation of metallic ore minerals, the various
types of metals and minerals, and terminological
questions. Mathesius generously supplemented these
discussions with passages from the Bible concerning
metals, minerals and mining activity.

Mathesius saw the occurrence of minerals and
metals as evidence of God’s generosity. In spite of
the danger and difficulty of mine work, he empha-
sized to his congregation that God, through his
almighty goodness and wisdom, continues to cause
the Earth to become enriched with minerals. As a
clear indication of God’s munificence, he cited the
fact that ores of more than one metal often coexist
in single veins. He noted that the beautiful colours
and shapes in which many of these minerals occur
are worthy of wonder and further reveal the handi-
work of a benevolent God. He told his congregation
to rejoice that God has his workplace not only in
the heavens and upon the surface of the Earth, but
within its cold, dark, subterranean depths as well
(Mathesius 1571, pp. xxvii, xxxi, xxxii). Despite
the gruelling nature of the miners’ work, there was
abundant cause for them to give praise for the
magnificence of these mineral creations that they
worked so hard to attain. This profoundly providen-
tial attitude venerated the mining profession by glor-
ifying minerals as evidence of God’s generosity, and
thus offered a positive perspective on the difficult
conditions of mining.

A direct familiarity with mineral occurrences
is revealed in Mathesius’ insightful theoretical
considerations. His understanding of metallic ore
minerals as diverse impure states of metallic com-
positions that usually occur intermixed (Mathesius
1571, pp. xxvii, xXix) was consistent with contem-
porary views. In his discussion, we can see how
his knowledge of the diverse contents of ore
veins, the various conditions in which metallic min-
erals can occur, and the processes of ore smelting
lent credibility to a number of views on how
metals and minerals could be generated.

One of the most significant aspects of Mathesius’
writing on mineral generation is that it presented an
early example of the ‘gur theory’, in which a

viscous mineral liquid, called gur (or guhr), forms
as an intermediate phase in the generation of met-
allic ores (Mathesius 1571, pp. xxvii, XXx, Xxxiiii,
xxxv, xxxvii; Gopfert 1902, p. 41). This theory
rose to prominence in the sixteenth-century litera-
ture in connection with mining activity. Gur,
which would be recognized today as clayey or
viscous liquid mixtures of metallic sulphides and
sulphates, originating from the oxidation of metallic
sulphides and the weathering of the surrounding
rock, had a recognizable metallic content, an acidic
nature and sulphurous stench. The oxidation reac-
tion by which metallic sulphides form sulphates
releases sulphuric acid and is exothermic (see
Flek 1977, pp. 14—16). This heat was noted, and
was generally thought to indicate a type of fermen-
tation. This belief led to the conclusion that a
generative process was occurring. It was therefore
reasoned that such material was becoming a
deposit of solid, metallic minerals. The gur theory
had slightly earlier precedents in the works of
Georgius Agricola (1494-1555) and Paracelsus
(1493-1541) (Norris 2007), although neither
author used the term ‘gur’. Mathesius was credited
with the first use of this term by a later author on
mineral generation (Grasseus 1661, p. 306).

On the basis of the polymetallic sulphide depos-
its of the Joachimsthal mines, Mathesius also found
the sulphur—mercury theory of metallic compo-
sition to be entirely credible. In this theory, metals
were believed to consist of components likened to
sulphur and mercury. The degree of purity of each
of these components, and their relative proportions,
were believed to account for the sulphurous nature
of many metallic ores, the fusibility of otherwise
solid metals, and even the qualitative differences
between the known metals. To Mathesius the
sulphur principle that formed the Joachimsthal ores
was directly evident from their sulphurous scent,
and the mercurial component was seen in the volatile
poisons and viscous corrosive liquids that threatened
the health of the smelter and the miner (Mathesius
1571, p. xxxi). All the ores with which Mathesius
was familiar contained sulphur, and the liquified sub-
stances that commonly occur around ore deposits
were considered by him as a form of proto-metallic
mercury. Indeed, gur seemed to conjoin the stench,
acridity and heat of the sulphurous principle with
the liquidity of a mercurial principle (Mathesius
1571, pp. xxvii, XXX).

Readers might be aware that the sulphur—mercury
theory is associated closely with the alchemical tra-
dition; Mathesius, naturally, also knew this. Mathe-
sius wrote that alchemists were correct in asserting
the roles of sulphur and mercury in the generation
of metals, but their efforts to transmute metals
by art were misguided, for although metals can be
transmuted in nature, art is inherently subordinate
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to nature, and the alchemists would never be able to
replicate God’s operations inside the Earth. He
noted that it had never been proven that alchemists
had ever really changed the entity of a metal even if
they did change its colour, and claims of successful
transmutations were fraudulent (Mathesius 1571,
pp. Xxx, xxxv). Mathesius’ usage of the sulphur—
mercury theory is thus an instructive example of
its applicability completely outside the alchemical
literature.

In common with Paracelsus (Oldroyd 1974,
pp. 134-135; Norris 2007, pp. 76—80), Mathesius
believed that minerals were engendered through
semina (or samens) created by God. Unlike the
former, Mathesius did not construct an elaborate
theory of how this occured and how such seeds
worked on a compositional level, but instead sup-
ported this view with biblical rhetoric concerning
the way God has created plants and animals, and
thus all of nature (Mathesius 1571, pp. XXX, XXXiiii).

This openness to a variety of potential mineral-
forming processes reveals a degree of looseness in
Mathesius theoretical considerations. Only a few
years earlier, the sulphur—mercury theory had
been carefully criticized by Agricola, himself a
former Joachimsthal resident, in favour of a type
of gur theory involving what he called mineral
juices or slimes (Agricola 1558, pp. 61-62, 64;
Norris 2007, pp. 73-76). Mathesius’ description
of the gur theory reveals his awareness of mineral
processes, and the knowledge revealed in his
sermons suggests direct experience with mineral
veins and their various contents and conditions.
However, his willingness to identify gur with the
mercurial principle ignored the cogent consider-
ations of mineral generation by Agricola (1558,
pp. 65—67; see also Nobis 1998, pp. 47-50).

However, such reference to a diversity of
theoretical views was common in the early mining
literature that addressed mineral generation. For
example, the anonymously published Bergbiichlein
(c. 1505), probably the earliest printed work on
mining, discussed the sulphur—mercury theory,
related it to an early form of the gur theory (although
the term ‘gur’ was not used), and also cited astral
influences in the generation of metals and ores
(Sisco & Smith 1949, pp. 19-21; Nobis 1998,
pp- 29-31). Similarly, the much later Speculum
metallurgiae Politissimum (1700) by the Saxon
mining officer Balthasar Rossler (1605-1673)
gave descriptions of ore-forming processes invol-
ving the Paracelsian tria prima (salt, sulphur and
mercury), gur, mineral semina and astral forces
(Rossler 1700, pp. 11-12). In this way, Mathesius’
approach was characteristic of the literature both
before and after his lifetime, when the influence of
Agricola’s critical views was rarely seen. Although
both Mathesius and Agricola were often cited in

subsequent literature, one has the impression that
the fame of Agricola’s De re metallica (1556) over-
shadowed his theoretical work, whereas the pliable
coupling of gur with variants of the sulphur—
mercury theory (including the tria prima) retained
substantial explanatory power.

In addition to the physical processes that Math-
esius described, he also insisted on God’s benevo-
lence and omnipotence as crucial factors in the
generation of minerals (Mathesius 1571, p. xxxiii).
Indeed, he seemed to criticize Agricola for not
acknowledging the important role of God in mineral
generation (Mathesius 1571, p. xxxiiii). Mathesius
believed that we can see evidence of the generative
processes and of the materials used therein, but that
we can go no further into discerning the primary
causes of mineral substances. Who, he asked, can
see through the mountains into God’s subterranean
workshop? Mathesius wrote that minerals are
primarily the products of God’s decree, and no
amount of experience can further reveal his methods
to us (Mathesius 1571, p. xxxiii).

Mathesius also mined the Bible for references to
mineral subjects. He collected many such citations,
although they are noticeably vague in comparison
with the theories he supported. For example, Math-
esius likened the gradual subterranean perfection
of earthy metals and minerals to St Paul’s words
in Corinthians concerning the purification of
the human soul through spiritual love (Mathesius
1571, pp. xxvii, xxx); Moses and Job were
brought into agreement that God causes metals to
form and increase in veins within the Earth, as in
the generation of iron from rock and dusty earth;
and Job was quoted on the association of ore gener-
ation with water, that metallic veins are narrow, and
rock difficult to break (Mathesius 1571, p. xxxi).

In comparing such biblical passages with Math-
esius’ theoretical considerations, it is obvious that
the former served inspirational purposes, and that
Mathesius did not expect anyone to learn about
mineral generation from the Bible. He neither
judged the contemporary theories against the bibli-
cal citations, nor attempted any critical comparison.
These references were mostly meant to edify the
work of his congregation in their own minds, by
demonstrating that the substances and labours
around which their lives were centred had been
important even in biblical times.

Conclusion

Johann Mathesius was very interested in minerals
and the manner of their generation. He sought to
explain these by natural processes within the frame-
work of God’s providence. In his experience,
several minerallogenic concepts, such as the idea of
mineral semina, the sulphur—mercury theory and
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development from gur, all shared plausibility. The gur
theory became highly influential in the seventeenth
and eighteenth centuries, and Mathesius has been
recognized as being among the earliest authors to
discuss it in print.

Although he may have lacked the critical abil-
ities of Agricola, Mathesius’ discussion of mineral
generation in the Sarepta was not motivated by a
theoretical interest. He believed that minerals
were formed by natural processes, but also that
God’s benevolence was primarily responsible for
and evident in their generation, and he therefore
sought to inspire his hard-working congregation
with both sides of this issue. His biblical references
to minerals and mining may have been of scholarly
and historical interest by themselves, but Mathe-
sius’ main purpose seems to have been to edify
the miner’s world with pious thoughts, and to vali-
date their efforts and ideas by grounding them in the
Bible. It is clear that he felt his contemporary
knowledge on the subject to be better than that of
the ancients, and any discrepancies between the
two were of no concern. He believed that humans
were incapable of discerning the primary causes
of mineral generation, as this was the inscrutable
handiwork of God, and that the loss of a harmonious
and innocent wisdom at the biblical fall of Adam
further contributed to this incapacity (Mathesius
1571, pp. xxx, xxxiii). Although one could under-
standably be surprised by the unconventional
content of Mathesius’ preaching, his strong empha-
sis on mineral subjects in his sermons entailed no
negligence in caring for the souls of his congrega-
tion; for, as the miners toiled deep within the hills
of the valley of St Joachim, Mathesius considered
that he was shepherding them through a valley of
darkness brightened by minerals.

Much of the research presented here was carried out while
benefiting from a Mellon Travel Fellowship at the History
of Science Collections, University of Oklahoma, during
April and May 2007.
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Abstract: It is generally believed that before the Enlightenment earthquakes were considered as
signs of the wrath of God as punishment for men’s sins, and that Earth tremors were not considered
as natural occurrences until modern times. However, this is an oversimplification, as we can see in
Spanish writings of the 17th and 18th centuries. In these writings we have to distinguish between
popular and religious documents and academic studies. In the 17th century Spanish authors held
the Aristotelian doctrine about earthquakes and regarded them as natural occurrences. Some
regarded them as God’s punishment for sinful people. The occurrence of a destructive earthquake
in Malaga in 1680 brought this question into the open. At that time no opinions were presented
against the religious interpretation. The Lisbon earthquake of 1 November 1755 and the sub-
sequent tsunami caused considerable damage in many Spanish cities, and the earthquake was
felt throughout Spain. After that earthquake an abundant literature of popular, religious, philoso-
phical and scientific character was published. A strong controversy arose as to whether the earth-
quake was of natural or supernatural character, with theologians and philosophers on both sides.
An important group defended the natural character of the occurrence and deplored the exaggerated

position of their opponents.

It is generally believed that before the Enlightenment
earthquakes were considered as signs of the wrath
of God as punishment for men’s sins. According to
this often-repeated opinion, earthquakes were not
considered as natural occurrences and the object of a
scientific study until modern times. This change in
mentality usually is thought to have occurred after
the Lisbon earthquake of 1755. As we will see, this
is an oversimplification, in that even in the Middle
Ages most western authors in academic circles con-
sidered earthquakes to be natural occurrences. This
paper investigates Spanish authors of the 16th to 18th
centuries and their opinions on the cause of earth-
quakes. In this study we have to distinguish between
popular and religious writings and those of academic
nature, usually written by university professors. We
consider as religious writings sermons by the clergy
and documents such as pastoral letters from bishops.
They differ from popular writings, usually anonymous,
which also included religious considerations. The
question about God’s intervention comes into the
open on the occasion of the occurrence of a destructive
earthquake. We will consider here the reactions after
two earthquakes that caused major damage in southern
Spain: that of 9 October 1680, in Malaga, and the
Lisbon earthquake of 1 November 1755. Both events
gave rise to a considerable number of publications in
which different interpretations were presented.

The Aristotelian doctrine on earthquakes

Up to the late 17th century in the west, ideas
about the origin of earthquakes were based on

the Aristotelian doctrine. Aristotle (384—322 BC)
proposed his doctrine on earthquakes in the Meteor-
ologicorum Libri IV. In these books he considered
various phenomena, such as rain, clouds, thunder,
lighting and winds, now included in the modern
science of meteorology, but also comets, the Milky
Way and earthquakes. According to Aristotle, earth-
quakes were produced by the dried exhalations
(spirits or winds) trapped in cavities inside the
Earth trying to escape toward the outside and
making the Earth shake. The winds (pneuma)
were introduced from outside or generated inside
these cavities. For this reason, Aristotle considered
that regions with abundant caves or cavities in the
Earth were more prone to earthquakes. In his treat-
ment of these phenomena there was no mention of
anything mysterious or supernatural in their occur-
rence. Pliny the Elder and Seneca, two Latin authors
of the first century, were very influential in the early
Middle Ages, and they presented this Aristotelian
doctrine with some minor changes. Early Christian
authors, such as St. Isidore of Seville in the seventh
century and the Venerable Bede in the eighth
century, repeated Pliny’s and Seneca’s ideas.
They also wrote nothing about divine intervention
in earthquakes. Between the 12th and the 13th
century, Aristotle’s works were translated into
Latin, first from Arabic and then from the original
Greek. University professors from this period
wrote commentaries on the treatises of Aristotle
including the Meteorologica. Two of the most
important 13th-century commentators on Aristotle
were Albertus Magnus and Thomas Aquinas. Albertus
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wrote a long commentary, divided into 20 chapters,
on the subject of earthquakes, but he never
mentioned that earthquakes are signs of God’s
wrath (Albertus Magnus 1890). Aquinas, known
especially for his monumental theological work,
wrote a more literal commentary, including Aristo-
tle’s Greek text and its Latin translation. He also did
not include any religious commentaries on earth-
quakes. Because of his influence on later Catholic
authors, it is important to search in his other
works for religious considerations of earthquakes.
The only place where these are found is in his com-
mentary on Psalm 17, discussing the verse: ‘The
earth swayed and quaked; the foundations of the
mountains trembled and shook when his wrath
flared up.” First, he affirmed that the first cause of
the motion is divine will. Second, he stated that
assignment of earth tremors to divine wrath is
only metaphorical (hanc exprimit metaphorice)
and the intention to move men to penance has to
be understood in a mystical sense (mystice designa-
tur per hoc commotio hominum ad poenitentiam). In
the following paragraph, he explained the origin of
earthquakes according to Aristotelian ideas. Thus,
his authority cannot be cited to support that earth-
quakes were thought to be caused by divine wrath
(Aquinas 1918).

Aristotle’s doctrine was predominant in western
universities in the 16th to 18th centuries. Among the
Spanish commentators on Aristotle’s Meteorolo-
gica was Alfonso Perez (1576), who dedicated
three chapters to the subject of earthquakes. The
only reference to God’s intervention he made was in
respect to the earthquake at the time of Christ’s
death. Perez considered this earthquake to have
been caused directly by God as a sign of the reaction
of nature to the death of Christ on the cross. Francisco
Murcia de la Llana (1615) wrote a more extended
commentary on earthquakes, giving a detailed list of
12 effects produced by them. He stated that the first
was the fear and terror they produced, and added:
‘God makes everything in order to bring to His
service those who live having forgotten it.” This was
his only mention of this subject. Francisco Alfonso
(1641), a professor in the Jesuit College of Alcala,
published a third commentary. He added to the Aris-
totelian doctrine the presence inside the Earth of
inflammable materials such as sulphur and bitumen
as the cause of subterranean fires. Again, there was
no mention in his work of God’s intervention.

Spanish authors before the Lisbon
earthquake
Criticism of Aristotelian ideas on other subjects

by the proponents of modern science extended
also to the origin of earthquakes. Martin Lister in

England in 1648 and Nicolas Lemery in France
about 1700 were the first to propose that earthquakes
were produced by large explosions of inflammable
material formed by a combination of sulphur, coal,
nitre and other substances accumulated in the
Earth’s interior. The explosive theory became very
popular, and can be found also in Newton’s Optics
(1718) and Buffon’s Histoire naturelle (1749—
1788) (Taylor 1975). In Spain these ideas were
mixed with organicist points of view, in which the
Earth was compared with a living organism. In
this respect there was an important influence on
Spanish authors by Athanasius Kircher (1601-—
1680), a Jesuit professor at the Collegio Romano,
especially in his work Mundus Subterraneus
(1664) (Glick 1971; Capel 1980). Kircher proposed
the existence in the interior of the Earth of three
systems of conduits through which fire, water and
air circulated. He called these systems pyrophyla-
cia, hydrophylacia and aerophylacia. The first
were related to the volcanoes and connected them
with a fire in the centre of the Earth. Kircher
thought earthquakes were related to these systems
of conduits, with fire heating the air, which then
expanded, causing the Earth to tremble. He added
also the explosion of inflammable materials.

José Zaragoza, a professor of mathematics at the
Jesuit Imperial College of Madrid, was considered
to be one of the best Spanish mathematicians of
his time, and he treated the subject of earthquakes
in his work on astronomy and geophysics (Zaragoza
1675). After explaining the Aristotelian theory and
Kircher’s ideas, he added: ‘It seems more according
to Christian Philosophy that many times earth-
quakes are a natural effect and at other times God
causes them, or lets the Demon do it, in order to
punish men.” This is an explicit mention, in a
purely scientific work, of God’s intervention in
earthquakes, although Zaragoza stated that only
on some occasions could they be directly attributed
to God as a punishment. It is interesting that
Zaragoza considered, as another possibility, that
sometimes God may permit the Devil to cause
earthquakes. Tomas Vicente Tosca, a priest of the
Oratory, in his monumental nine-volume work
Compendio mathematico, wrote a short chapter on
earthquakes (Tosca 1707-1715). He explained
that earthquakes were caused by explosions of
inflammable materials inside the Earth similar to
those in mines; he did not mention God’s interven-
tion in them. This is also the case in the physics
treatise of Andrés Piquer (Piquer 1745).

Diego Torres de Villarroel, a professor at the
University of Salamanca, published the first com-
plete work on earthquakes in Spanish (Torres de
Villarroel 1748). In this lengthy treatise, in which
Kircher’s organicist ideas were mixed with the
explosive theory, there was only a short mention
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of the religious problem. After describing the
destructive power of earthquakes, which ‘level
buildings and mountains and destroy cities and
provinces’, Torres de Villarroel wrote that these
phenomena seem to be preternatural and can be con-
sidered as miracles, concluding, ‘we can believe that
they are God’s wrath, punishment and ... inflicted
by His Majesty for our sins and in this way they
are described by Catholic physicists’.

Another group of Spanish authors who con-
sidered earthquakes are those writing about the
newly discovered lands of Central and South
America, where large destructive earthquakes are
common. They wrote for the learned public, pre-
senting the natural aspects of the new lands. Four
of the most important of these authors were José
de Acosta (1590) and Bernabé Cobo (1890), both
of whom were Jesuit missionaries, and Antonio de
Ulloa and Jorge Juan, who were naval officers and
scientists participating in the measurement of the
meridian at the equator (de Ulloa & Juan 1748).
This effort was organized by the French Academy
of Sciences. The authors described some of the
largest earthquakes in Peru and Chile, which had
been followed in some cases by tsunamis. They
speculated about the nature of earthquakes in
similar terms to other contemporary Spanish
authors, but did not make any reference to God’s
intervention. This is important because some of
the earthquakes described caused thousands of
casualties, and for de Acosta and Cobo they
would have been a suitable occasion for a
religious consideration.

The 1680 Malaga earthquake

Itis one thing to write about earthquakes from the aca-
demic point of view, but a very different thing to do it
after first-hand experience of a damaging shock. On 9
October 1680 a destructive earthquake took place
with its epicentre near Malaga. It caused 60 deaths
and injured 150 people, and caused widespread
destruction in the city and nearby towns. Its magni-
tude has been estimated as My = 6.5 (Mufoz &
Udias 1988). Six days later the bishop of Malaga,
Alonso de Tomds, wrote a long pastoral letter in
which he made it very clear that the earthquake
had been caused by the many sins of the people of
Malaga. In the first paragraph he expressed the
idea that the cause of so much distress was human
sins, and suggested that the calamities and horrors
were the effects of our evils, which forced God to
make us experience his punishment. In the rest of
his commentary he provided many quotations
from the Bible and exhorted his readers to change
their lives and make penance so as to be reconciled
with God. At the end he ordered all the priests of his

dioceses to make public penances and atone for
their scandals and sins; religious processions were
made in all churches the following Sunday (de
Tomas 1680). An anonymous popular description
of the earthquake, published shortly afterwards,
began with a sentence declaring that the cause of
the earthquake had been many sins and that the
justice of God had laid the harshness of his wrath
upon the people. The description then considered
that God has used the creatures that benefit men
to be instruments of their ruin, terror and fright
(Anonymous 1680a). In another publication of the
same type, which related how the shock was felt
in Madrid, the earthquake, together, with other cala-
mities, was considered as a warning from God to
make penance and repent of evil customs. It was
stated that through these events God desired that
men turn to him (Anonymous 1680b).

Most other documents of popular character
recounting the damage of the 1680 earthquake
accepted it as a clear sign of the displeasure of
God and a punishment for the sins of the people.
There were no dissenting voices and no attempts
to refute this idea. Although we have seen that at
that time university professors in Spain explained
the natural causes of earthquakes using Aristotelian
natural philosophy, we have not found any docu-
ment that applied those ideas to this actual earth-
quake. The only document with a known author,
signed by the Priest Antonio de Cea y Paniagua,
concerned how the earthquake was felt in
Cordova. The author, an arts graduate, refused to
give a natural explanation, and wrote: ‘we will
omit the philosophical question (fruitless here)
about the cause of earthquakes, when for the knowl-
edge of piety in the First Cause against the obvious
bitter acts of his justice, the clear testimony of his
clemency is enough’ (de Cea y Paniagua 1680).
He recognized that there were also natural causes
of earthquakes, but they were not applicable to
this case. He considered pertinent only the
religious considerations.

The earthquake occurred during the reign of
Charles II, the last king of the Spanish Austrian
dynasty; this was a time of cultural and economic
decay and of exacerbated religious fervour. This
has been often presented as the reason behind refer-
ring to the earthquake as a supernatural event
(Pereiro Barbero 1986). However, evoking the
wrath of God immediately after an earthquake
was not an exclusively Spanish phenomenon of
the time. Similar ideas were used then by Protestant
preachers in England. For example, Thomas Doolit-
tle, the Puritan minister of St. Alphage, London, in
his sermons after the London earthquake of 1692,
distinguished between earthquakes that were
caused indirectly and directly by God. The latter
provoked the human response of fear, trembling
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and immediate contrition. Doolittle called it ‘holy
fear’, that is, an activating fear that produced
moral benefits: the greater the fear, the more
intense the reforming piety (van Wetering 1982).
Thus some earthquakes, including the London
1692 event, were directly attributed to God with a
religious purpose. However, this was not a universal
attitude of religious considerations of the time. A
clear contrary example was the reaction of Gaspar
de Villarroel, Bishop of Santiago de Chile, after
the catastrophic earthquake of 13 May 1647,
which totally destroyed that city. Reflecting on
whether the earthquake could be considered as a
punishment of God for the sins of the people of
Chile, he gave the contrary answer: ‘whoever has
seen the ruin of Santiago will not proceed with
the sincerity that teaches the Gospel if he dares to
judge that this earthquake was a punishment of
the citizens’. He added: ‘This is so in agreement
with a good theology and God’s law so that it will
be a mortal sin to judge that their sins destroyed
this city’ (Amunategui 1882).

Although, both Catholic and Protestant clergy in
the 17th century, used the occurrence of earth-
quakes to move people to repentance for their
sins, they did not ignore the theories about the
natural origin of earthquakes, based on either Aris-
totelian doctrine or the newer proposals involving
inflammable materials inside the Earth. The reli-
gious considerations were presented at the same
time as natural causes were given. The recourse to
God’s action was not a substitute for the natural
explanations, which were fully understood accord-
ing to knowledge of the times, but was a recognition
of the special action of God in certain cases.

The Lisbon earthquake of 1755

The Lisbon earthquake of 1 November 1755 was
felt over the whole Iberian peninsula. It caused
heavy damage and about 2000 casualties as a
result of both the earthquake and the subsequent
tsunami especially in the nearby cities of Huelva,
Cadiz and Seville (Martinez Solares & Lopez
Arroyo 2004). This extraordinary event produced
an abundant literature published in Spain,
especially in Seville. Many publications were
short popular accounts of how the earthquake was
felt in a single locality, and many included religious
considerations motivated by the event. Most of
these anonymous publications were generally
short works of a few pages, and were of a popular
character, with exaggerated narratives of damage
or curious occurrences supposed to have taken
place during the earthquake. Some of the accounts
were written in verse. Many were predominantly
of religious character, asking for help from God,

or giving thanks to God for the deliverance from
the effects of the earthquake. We have identified
49 of this type of publication.

Other publications belong to the academic cat-
egory, and some were extended treatises on the
physical, philosophical and theological aspects of
the event. They were written by natural philoso-
phers and theologians, many of them university pro-
fessors. Most of these authors handled two main
questions. The first was whether this was a natural
event or a supernatural one, that is, one directly attrib-
uted to God. The second was about the natural cause
of this earthquake and the origin of earthquakes in
general. A special point discussed was how it was
possible for the earthquake to be felt at the same
time in widely separated regions. On this second
question, traditional and new ideas about the nature
of earthquakes were discussed and debated.

Natural or supernatural event

The occurrence of the Lisbon earthquake generated
in Europe an intense debate about what has been
called ‘eighteenth-century earthquake theology’
(Kendrick 1955). At the centre of this debate was
the opinion, generally asserted by many of the
clergy, both Catholic and Protestant, that the earth-
quake was a deliberate punishment by God of sinful
people. A constant theme in sermons, tracts and
moralizing poetry, throughout Europe was that
God in his anger had destroyed Lisbon because
of the sins of its inhabitants. In Portugal the
debate was intense, with, among others, the Jesuit
Gabriel Malagrida on one side and Sebastian José
de Carvalho e Mello, Marquis of Pombal, the
powerful minister of King José, on the other. Mala-
grida took an extreme position and insisted in his
sermons that the earthquake had been caused by
the wrath of God for the sins of the people of
Lisbon. Pombal, who took a pragmatic attitude to
organize the care of the victims and oversee the
reconstruction of the city, regretted the sermons of
the clergy and especially those of Malagrida. In
his opinion such statements only led to passivity
in the people. Pombal ordered that Malagrida be
sent to prison, 6 years later to be executed by the
Portuguese Inquisition.

In France the earthquake caused questions about
the generally sensed optimism of the times, which
held that the world was a good place in which every-
thing that happened was viewed to be ‘for the best’.
Frangois Marie Voltaire, in his Poeme sur la désastre
de Lisbonne and his novel Candide, wrote a strong
attack on this optimistic viewpoint. On the other
side, authors such as Jean Jacques Rousseau defended
the optimist position, and rejected Voltaire’s gloomy
picture of man’s unhappy fate on Earth. In Germany
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Immanuel Kant, adhering to Gottfried Wilhelm
Leibniz’s optimistic theodicy, which held that this
was ‘the best of all possible worlds’, published three
short papers on the Lisbon earthquake in 1756.
He was more interested in the scientific aspects of
the phenomenon, but touched also on the subject of
earthquakes in relation to God’s government of the
world. The optimist position was heavily wounded
by Voltaire’s sharp attacks in Candide. Voltaire’s
negative position finally carried the day in the
Europe of the Enlightenment (Kendrick 1955).

In Spain the debate was centred on the superna-
tural or natural character of the earthquake, and the
discussion began a few days after its occurrence.
Popular anonymous publications were generated
and sermons in the churches were given, in which
the supernatural character of the disaster was pre-
sented. Some of them asked for the help of heavenly
patrons, or thanked various saints for their protection,
among them of the Virgin Mary, St. Francis of Borgia
(by the Jesuits), St. Philip of Neri (by the Oratorians),
and St. Justa and St. Rufina, patron saints of Seville
(by the non-monastic clergy). Many of the anon-
ymous popular publications had a similar theme and
many of them were published in Seville. Most of
them took it for granted that the earthquake was
God’s punishment for the sins of the people. Thus,
public religious services were organized in the days
immediately following the earthquake (Aguilar
Pinal 1973). As we have seen, 75 years before
the Lisbon event, the earthquake that destroyed
Malaga in 1680 was generally thought to have been
a punishment by God, with no dissenting voices.

The two sermons of Francisco Olazaval y Olay-
zola, the Canon of the cathedral of Seville, of
27 April 1755 and 28 February 1756, are examples
of purely religious literature. Olazaval y Olazola
insisted that the many sins of the city of Seville
were the cause of this punishment, which the
mercy of God had not permitted to be even greater
(Olazaval y Olayzola 1755). Agustin Sanchez, a
Trinitarian theologian and preacher, in a note
included in Francisco Mariano Nifo y Cagigal’s
work, insisted ‘God uses the creatures to infuse
fear in sinners and move them to repentance’
(Nifo y Cagigal 1755). Even three years later,
José Martin Guzman’s sermons insisted on this
interpretation. The firmest defender of the superna-
tural character of the earthquake was Miguel de San
José, the Bishop of Guadix and Baza (Granada),
who published a short letter in which he refuted
the opinions of those who regarded this as a
natural event, especially de Cevallos, and affirmed
that: ‘only to deny or doubt that earthquakes
and other disasters are usually the effect of the
wrath of God, can be considered as an error in the
faith’ (San José 1756). Similarly, a short letter of
Thomas del Valle, the Bishop of Cadiz, called

attention to the sins of the people of Cadiz, noting
that God had punished them and called for
their repentance (del Valle 1755). Francisco Javier
Gonzalez, a friar of the Minims Order, confronted
this rigid position and wrote, answering the
bishop, that God does not need to interfere with
nature. Gonzalez related this kind of disaster with
sins only in a very general form, as a consequence
of the original sin (Gonzalez 1757).

In contrast to what happened after the Malaga
earthquake, by 1755 there was serious questioning
about attributing the earthquake to a direct action
by God. José de Cevallos (1726—1776), a theolo-
gian from Seville and later the Rector of the Univer-
sity, was the strongest defender of the position that
the earthquake was a natural event. He was a found-
ing member of the Real Sociedad de Sevilla and of
the Real Academia de Buenas Letras, two learned
societies of Seville, where enlightened ideas were
discussed. De Cevallos expressed his position in
his introductory note (Censura) to Benito Jeronimo
Feijoo y Montenegro’s work, where he concluded;
‘the earthquake has been entirely natural, caused
by natural and proportioned second causes, in
which God partakes as in any other natural effect’
(Feijéo y Montenegro 1756). He refuted the oppo-
site opinion as being theologically unsound, and
insisted that ‘if preachers didn’t have their devotion
and zeal ruled by wisdom and discretion, they will
produce disordered effects and false believes’.
De Cevallos also refuted those who considered it
a heresy to maintain that God does not cause earth-
quakes, basing this opinion on the catalogue of
heresies by Saint Philaster, an Italian bishop of
the fourth century. He noted that most other reli-
gious writers did not hold this opinion. Juan Luis
Roche, a physician born in Catalonia and established
in Seville, defended the same opinion, adding that
there was no relation between sins committed and
the occurrence of earthquakes. Rhetorically he
asked: ‘Are Lisbon and Seville worse than other
cities?” For him those considerations were only
‘pious opinions of theologians’. Roche censured
the theologians who attacked the physicists (physi-
cos) who explained these phenomena by purely
natural principles (Feijoo y Montenegro 1756).

The natural character of the earthquake was
defended and discussed in several lectures at
the Real Academia Sevillana de Buenas Letras,
founded in 1751, which served as a forum for new
ideas. Several similar institutions were established
in Spain at this time, when most universities in
Spain were still attached to traditional views.
Roche held the first lecture on the earthquake on
12 November 1755 (Sobre el terremoto del 1 de
Noviembre). The following year there were lectures
by Jerénimo Audixe de la Fuente (Formacion y
efectos de los terremotos, 27 March 1756) and by
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Francisco de Céspedes Espinosa (Relacion
historica del terremoto de 1755, 17 September
1756). These discussed the occurrence of the earth-
quake from a secular perspective. Although priests
took part in these conferences, there were no
formal theological discussions at the Academia
(Sanchez Blanco 1999).

Both de Cevallos and Roche supported their
opinions with the authority of Benito Jerénimo
Feij6o y Montenegro (1676—1764), a Benedictine
professor of theology of the University of Oviedo
and a key figure in the Spanish Enlightenment,
who was the author of Theatro critico universal
(1726-1740) and Cartas eruditas y curiosas
(1742-1760), two very influential works in the
introduction of scientific ideas in Spain. Feijoo y
Montenegro defended the natural character of the
earthquake, but, already an old man, did not enter
the controversy. He wrote that man should fear
sudden death more than earthquakes, since the
former is more common.

Another defender of the natural character of earth-
quakes was Antonio Jacobo del Barco y Gasca
(1716-1783), a priest and historian of Huelva,
whose main work was dedicated to the history and
agriculture of the region. Del Barco wrote that he
intended to study ‘as a philosopher’, the causes, dur-
ation, extension and effects of the earthquake.
Defending its natural character, he added that
natural did not mean ‘casual’, and this type of occur-
rence had to be used as an occasion for men to turn to
God (del Barco 1756). Isidoro Ortiz Gallardo de Vil-
larroel, the Professor of Mathematics at the University
of Salamanca, explained the natural causes of the
earthquake and did not want to enter into the theologi-
cal question of whether or not it was a warning from
God (Ortiz Gallardo de Villarroel 1755).

Some authors held a mixed position, comment-
ing that the earthquake was a natural event, but
God could have used it to punish or warn sinners.
Miguel Cabrera, of the Order of Minims, a theolo-
gian of Seville, claimed that the earthquake was
‘natural in its causes, in its being and in its conse-
quences’, but, a special providence could have
ordered it to happen at a particular place and time
(Cabrera 1756). Francisco de Buendia y Ponce
(1721-1800), a priest from Seville, poet, physician
of the Archbishop of Seville, and the author of
works on history and medicine, held the same
opinion (Feijéo y Montenegro 1756). He stated
that earthquakes, although produced by natural
causes, could be sometimes a ‘punishment by the
Divine Hand’. Francisco Martinez Moles, a pro-
fessor at the University of Alcala de Henares, who
argued that earthquakes could be signs of divine
wrath, took a similar position (Martinez Moles
1755). He wrote, ‘if this was a natural phenomenon
caused naturally, it can be investigated rationally’.

However, he went on to suggest that there were
reasons for saying that God had ordered the earth-
quake as punishment for sins. Francisco Mariano
Nifo y Cagigal (1719-1803), founder of the first
newspaper in Madrid, held a similar view (Nifo y
Cagigal 1755). After explaining the natural causes
of earthquakes, he added what can be considered
their moral causes and effects, noting that God
could use these phenomena as warnings to sinners
for their repentance. Juan de Zuiiiga, in a letter to
Feijoo y Montenegro, explained the natural causes
of earthquakes and commented on how God used
natural causes to show his displeasure of man’s sins
(Feijoo y Montenegro 1756) by De Ziiiga (1756).
Pedro Trebnal, a member of the learned societies of
Seville, after giving the details of this debate in his
unpublished long manuscript on the subject, gave a
twist to the problem by rejecting the supernatural
character and defending it as a natural event, but
suggesting that it was not entirely so because it had
a preternatural character. That is, some evil spirit
may have produced the earthquake (Trebnal 1756).
In conclusion, in Spain there were defenders of
both opinions about the natural or supernatural
character of the earthquake. Authors holding the
new ideas of the Enlightenment (called in Spain
ilustrados, many of them clerics) contended that
the earthquake was a purely natural event, and
should be studied from the purely natural point of
view, staying away from theological considerations.
On the other hand, traditionally minded clergymen
maintained that the earthquake was a punishment
or warning of God to sinners. Even as late as 1784
a Dominican friar, Alvarado, wrote that: ‘we prefer
to be mistaken with St. Basil and St. Augustine
than to be correct with Descartes and Newton’
(Aguilar Pifial 1973). An intermediate position was
also presented, in which the earthquake was
thought to be a natural phenomenon but God’s provi-
dence used it to warn sinners. Authors taking this
position argued that men could infer moral conse-
quences from a natural event. Sanchez Blanco
(1999) summarized the debate as one between two
philosophical positions, a theistic position in which
God intervenes directly in natural phenomena, and
a deistic position in which God has given laws to
the universe, but does not intervene in its normal
working. However, Spanish authors, such as de
Cevallos and Roche, who defended the concept of
the earthquake as a natural phenomenon, cannot be
called deists, as they held to the Christian tradition
of divine action in the world. All participants in
the debate considered themselves to be faithful to
Christian doctrine and did not deny the possibility
of divine intervention in the world. Moreover,
there was no reference to the philosophical debate
in Europe about an optimistic or pessimistic view
of the world. Spanish authors never mentioned
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Voltaire, Leibniz, Kant or any other participant in
this debate.

The authors who held that the earthquake was a
natural phenomenon took this occasion to explain
the general causes of earthquakes. In their expla-
nation we can see to what extent they knew about
the scientific ideas being developed at that time in
Europe. At the end of the 17th century and begin-
ning of the 18th century new theories about the
origin of earthquakes were proposed that replaced
the traditional views founded on Aristotelian doc-
trine. In the writings of Spanish authors after the
Lisbon earthquake we find a variety of theories
proposed, ranging from those based on the traditional
Aristotelian doctrine to the ideas introduced by recent
authors (Ordaz 1983). Cabrera, Nifo y Cagigal and
Trebnal presented the most traditional point of view
and defended the Aristotelian doctrine, with some
modifications, against the attacks of recent authors.
In their explanations they introduced ideas in
which the Earth is compared with a living organism,
thereby showing Kircher’s influence. Some authors,
such as del Barco y Gasca, Roche and Ortiz Gallardo
de Villarroel, adhered to the theory of the explosive
nature of earthquakes. Feijoo y Montenegro, in his
five letters, presented the most original ideas about
the origin of the earthquake. He stated that, in the
same way as lightning and thunder are produced in
the atmosphere by the electricity of the clouds, earth-
quakes are caused by the electricity accumulated
inside the Earth by vitreous material. This was not a
totally original idea, as William Stuckley in
England in 1750 and Giovanni Battista Beccaria in
Italy in 1753 had already proposed the electrical
nature of earthquakes (Taylor 1975).

Conclusion

The interpretation of earthquakes as God’s punish-
ment for sins, in Spanish writings of 17th and
18th centuries, has been examined using the
occasions of the Malaga earthquake of 1680 and
the Lisbon earthquake of 1755. After the 1680
earthquake, this interpretation was generally held
with no dissenting voices. After the Lisbon event,
however, Spanish writers joined the rest of Europe
in debating the natural or supernatural character of
the earthquake. Authors took positions on both
sides of the controversy. Some, such as del Barco y
Gasca, Roche, de Cevallos and Feijéo y Montenegro,
defended the natural origin of the earthquake. They
stated that this position was not against Christian
doctrine, so that their position cannot be called
deist. On this occasion authors also tried to explain
various theories about the origin of earthquakes,
ranging from Aristotelian doctrine to organicist the-
ories, and to explosive and electrical theories.

The author acknowledges the revision of the English text
by L. Drake and further revision of the text and commen-
taries by the two reviewers K. Bork and M. Klemun.
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