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PREFACE

In the year 1896 the President of the Johns Hopkins
University, Baltimore, invited me to inaugurate the
Lectureship founded in that seminary by Mrs. George
Huntington Williams in memory of her husband, the
distinguished and widely regretted Professor of Geology
there. In accepting this invitation I chose for my
subject an outline of the history and development of
Geology during the period between the middle of the
eighteenth and the close of the second decade of the
nineteenth century—an interval of about seventy years,
full of peculiar interest to students of the science, for
it was during that interval that the main foundations
of modern geology were laid.

In making this choice I was influenced by my
experience of the limited acquaintance with the his-
torical development of the science which has often
been shown even by those who have done good service
in enlarging its boundaries. English-speaking geo-
logists have for the most part contented themselves
with the excellent, but necessarily brief, summary of the
subject given by Lyell in the introductory chapters of
his classic Principles, no fuller digest of geological
history having been published in their language. It
appeared to me that it might be useful to recount
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the story of a few of the great pioneers during the
momentous period which I wished to select, and to
show, from their struggles, their failures, and their
successes, how geological ideas and theories arose, and
were step by step worked out into the forms which
they now wear.

The narrative thus proposed was made the subject of
six lectures which were published in the summer of
1897 as a small volume entitled The Founders of Geo-
logy. ‘This work has been for some time out of print.
In preparing a new edition 1 have departed from the
original form of lectures, and from the restricted treat-
ment of the subject which a short course of lectures
necessarily involved. While retaining and also enlarg-
ing the more detailed discussion of the remarkable
period embraced in the original lectures, I have given a
sketch of the earlier progress of geological ideas, from
the times of ancient Greece onwards to the epoch that
formed the starting point of my former volume.

In this extension of the subject I have adhered to my
original plan of tracing the origin and slow develop-
ment of geological science, rather in an account of the
careers of a few of the chief leaders by whom the
progress has been mainly effected, than in an attempt
to summarise also the work of their less illustrious
contemporaries. |

Since the publication of the first edition, my lamented
friend the late Professor Zittel of Munich published
(1899) his Geschichte der Geologie und Paliontologie—a
work of extraordinary labour, fullness and accuracy,
with which no student of geology who cares to know
the history of his science can dispense. An excellent .



http://www.geology.19thcenturyscience.org/books/1905-Geikie-FoundersGeol/README.htm

Preface vil

abridged English translation of this voluminous treatise
has been prepared by Mrs. Ogilvie Gordon. The
scheme of treatment adopted by Professor Zittel,
however, differs so much from that which I have
followed that our two volumes may be regarded as
in large measure supplementary to each other. While
he has noted the contributions of all who have in any
important way advanced general or local geology, I
have selected for fuller consideration chiefly the lives
and work of some of the masters to whom we mainly
owe the foundation and development of geological
science.

9tk November, 1905.
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CHAPTER 1

InTroDUCTION. Geological ideas among the Greeks and Romans in
regard to (1) Underground forces ; (ii) Processes at work on the
surface of the earth; (iii) Proofs of geological changes in the
Past.

In science, as in all other departments of inquiry, no
thorough grasp of a subject can be gained, unless
the history of its development is cleadly appreciated.
Nevertheless, students of Nature, while eagerly press-
ing forward in the search after her secrets, are apt
to keep the eye too constantly fixed on the way that
has to be travelled, and to lose sight and remembrance
of the paths already trodden. It is eminently useful,
however, if they will now and then pause in the race, in
order to look backward over the ground that has been
traversed, to mark the errors as well as the successes of
the journey, to note the hindrances and the helps which
they and their predecessors have encountered, and to
realise what have been the influences that have more
especially tended to retard or quicken the progress of
research.

Such a review is an eminently human and instructive
exercise. Bringing the lives and deeds of our fore-
runners vividly before us, it imparts even to the most
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abstruse and technical subjects much of the personal
charm which contact with strenuous, patient, and
enthusiastic natures never fails to reveal. Moreover,
it has a double value in its bearing on the progress
of those who are engaged in original research. A
retrospect of this kind leads to a clearer realisation
of the precise position at which they have arrived,
and a wider conception of the extent and limits of
the domain of knowledge which has been acquired.
On the other hand, by enabling them to comprehend
how, foot by foot, the realms of science have been
painfully conquered, it furnishes suggestive lessons as
to tracks that should be avoided, and fields that may
be hopefully entered.

In no department of natural knowledge is the
adoption of this historical method more necessary
and useful than it is in Geology. The subjects with
which that branch of science deals are, for the most
part, not susceptible of mathematical treatment. The
conclusions formed in regard to them, being often
necessarily incapable of rigid demonstration, must
rest on a balance of probabilities. There is thus
room for some difference of opinion both as to facts
and the interpretation of them. Deductions and
inferences which are generally accepted in one age
may be rejected in the next. This element of
uncertainty has tended to encourage speculation.
Moreover, the subjects of investigation are them-
selves often calculated powerfully to excite the
imagination. The story of this Earth since it became
a habitable globe, the evolution of its continents,
the birth and degradation of its mountains, the mar-
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vellous procession of plants and animals which, since
the beginning of time, has passed -over its surface,
—these and a thousand cognate themes with which
geology deals, have attracted numbers of readers and
workers to its pale, have kindled much general interest,
and awakened not a little enthusiasm. But the records
from which the chronicle of events must be compiled
are sadly deficient and fragmentary. The deductions
which they suggest ought frequently to be held in
suspense from want of evidence. Yet with a certain
class of minds, fancy comes in to supply the place
of facts that fail. And thus geology has been
encumbered with many hypotheses and theories
which, plausible as they might seem at the time of
their promulgation, have one by one been dissipated
before the advance of fuller and more accurate know-
ledge. Yet before their overthrow, it may often be
hard to separate the actual ascertained core of fact
within them from the mass of erroneous interpreta-
tion and unfounded inference that forms most of
their substance.

From the beginning of its growth, geology has
undoubtedly suffered from this tendency to specula-
tion beyond the sober limits of experience. Its culti-
vators have been often described as mere theorists.
And yet in spite of these defects, the science has
made gigantic strides during the last hundred years,
and has gradually accumulated a body of well-ascer-
tained knowledge regarding the structure and history
of the earth. Few more interesting records of human
endeavour and achievement can be found than that
presented by the advance of this science. Little
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more than a century ago geology had no generally
acknowledged name and place in the circle of human
studies. At the present day it can boast a voluminous
literature, hundreds of associations all over the world
dedicated to its cultivation, and a state organization
in almost every civilized country for its systematic
prosecution. I propose to trace some of the leading
steps in this magnificent progress. Even speculations
that have been thrown aside, and theories that have
been long forgotten, may be found to have been
not without their use in promoting the general
advance.

If all history is only an amplification of biography,
the history of science may be most instructively read in
the life and work of the men by whom the realms of
Nature have been successively won. I shall therefore
dwell on the individual achievements of a few great
leaders in the onward march of geology, and indicate
how each of them has influenced the development of
the science. At the same time I shall trace the rise and
progress of some of the leading principles of the science,
which, though now familiar as household words, are
seldom studied in regard to their historical develop-
ment. Thus, partly in the life-work of the men, and
partly in the growth of the ideas which they promul-
gated, we shall be able to realise by what successive
steps geological science has been elaborated.

The subject which I have chosen, if treated as fully
as it might fitly be, would require a full course of
lectures or more than one printed volume. Within
the limits which I have prescribed to myself, I can only
attempt to present an outline of it. Instead of trying
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to summarize the whole history of geology, I think it
will be more interesting and profitable to pass somewhat
briefly over ancient and medieval time during which
geological ideas were crudely taking shape ; to dwell
rather fully on the labours of a few of the early masters,
who, by actual observation of nature and deduction
therefrom, laid the broad foundations of the science, to
touch only lightly on the work of some of their less
illustrious contemporaries, and to do little more than
allude to the modern magnates whose life and work are
generally familiar. 1 have accordingly selected for
fullest treatment, in this volume, what has been called
the Heroic Age of geology, or the period which extends
from the middle of the eighteenth to the earlier decades
of the nineteenth century, an interval of about seventy
years. A few later conspicuous names will require
some brief notice in order to fill up the general outlines
of our picture.

The most casual observation is now-a-days sufficient
to convince us that the surface of the earth has not
always been as it is to-day. At one place sheets of
sand and gravel point to the former presence of running
water, where none is now to be seen. Elsewhere shells
and other marine organisms underneath the soil show
that the dry land was formerly the bed of the sea.
Masses of sandstone, conglomerate and limestone, once
evidently laid down in horizontal layers on the sea-
bottom, but now hardened into stone, disrupted, placed
on end, and piled up into huge hills and mountain-
ranges, prove beyond all question to our modern eyes
that stupendous disturbances attended the conversion
of the sea-floor into land. |
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A few of the simpler and more striking of these
features might attract notice even among the earliest
and rudest tribes. But still more would the elemental
forces of nature arouse the fears, excite the imagination
and stimulate the curiosity of primitive man. Wind
and lightning, rain-storms and river-floods, breakers
and tidal waves, earthquakes and volcanoes would seem
to be direct and visible manifestations of powerful but
unseen supernatural beings. Nor would the more
obtrusive features of landscape fail to add their
influence—mountains with their clouds, tempests and
landslips ; crags and precipices with their strange
grotesque half-human shapes, ravines with their gloomy
cliffs and yawning chasms between.

It 1s not difficult to conceive how from these con-
current materials there would spring fables, legends and
myths, long before the spirit of scientific observation
and deduction was developed, and how such fables might
continue to satisfy the popular imagination long after
that spirit had arisen among the more reflective few.
The earliest efforts at the interpretation of nature found
their expression in the mythologies and cosmogonies
of primitive peoples, which varied in type from country
to country, according to the climate and other physical
conditions under which they had their birth. Geo-
logical speculation may thus be said to be traceable
in the mental conceptions of the remotest pre-scientific
ages.

The popular beliefs continued for a time to influence,
in a greater or less degree, the speculations of the
philosophers who began to observe the operation of
natural processes and who, though their deductions
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were often about as unscientific as the myths for which
they were substituted, may yet be claimed as the
earliest pioneers of geology. The first stages of
advance in theoretical opinions on these subjects may
best be illustrated by a brief survey of the geological
ideas to be found scattered through the literature of
Greece and Rome.

Among the poets allusions abound to the popular
interpretations of geological phenomena, wherein the
influence of gods and heroes in altering the face of
Nature became the subject of legend and myth. It
is interesting to note the progress of the decay of
these ancient superstitions and their replacement by
more natural explanations, based upon actual obser-
vation of the present order of things. As an example
of this transition, reference may be made to the various
attempts to account for the remarkable defile of Tempe,
which was one of the marvels in the scenery of Greece.
The wide mountain-girdled plain of Thessaly was
popularly believed to have once been covered with
a lake which was ultimately drained by the kindly
intervention of Poseidon, who himself split open the
gorge in the encircling rocky barrier, whereby a passage
was given for the escape of the stagnant waters to
the sea. Later generations attributed the friendly act
to Hercules. By the time of Herodotus, however,
(B.c. 500) the supernatural had given way, in the minds
of reflective men, to a natural interpretation.of such
features. Yet the Father of History, as was natural
to his pious and reverential spirit, does not scornfully
reject the long established belief. ¢ That the gorge
of Tempe,” he says, “was caused by Poseidon is
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probable ; at least one who attributes earthquakes and
chasms to that god would say that this gorge was
his work. It seemed to me to be quite evident that
the mountains had there been torn asunder by an

earthquake.” 1

By the beginning of our era, supernatural inter-
pretations of geological features had still further gone
out of fashion among the writers of the day, and it
was now thought unnecessary even to allude to them.
Strabo (B.c. §54—a.D.25) simply refers the Vale of
Tempe to the effects of an earthquake, as if its origin
were so manifest as to offer no reasonable ground
for any doubt. In no respect do the writings of this
geographer differ more conspicuously from those of
Herodotus than in their attitude towards the myths
of the olden time. The difference no doubt marks
the general progress of public opinion on the subject
in the course of five centuries. Strabo usually passes
over the legends in silence, and when he takes occasion
to refer to them, it is not infrequently to reject them
with contempt. He will not believe the story that
the River Alpheus flows under the sea and rises again
to the surface as the fountain of Arethusa at Syracuse,
and the reasons which he gives for his refusal are such
as a2 modern man of science might use.? Referring
to a statue at Siris, in Southern Italy, which was alleged
to have been brought from Troy after the siege and
to have closed its eyes when certain suppliants were
forcibly dragged away from its shrine, he sarcastically
remarks that some amount of courage is required to
believe this tale, and also to admit that so many statues

1 Book vi1. 129. 3vi, il 4.
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could have been brought from Troy as were so
reputed.! He states that while at the Memnonium
at daybreak, he certainly heard a noise, but whether
it came from the statue or was made by some of the
company, he could not tell, though he was disposed
to believe anything rather than that stones themselves
emit sound.? He even carries this critical spirit into
his account of alleged historical events, as where, in
ridiculing the statement that the Cimbri were driven
out of their territory by an extraordinarily high tide,
he appeals to the known regularity and periodicity
of the tides, as a natural, harmless and universal
phenomenon, which disproves such tales.

In considering the opinions of the Greeks and
Romans relative to the origin of the various features.
of the external world, it is well to note that the nations
gathered together in the vast basin that drains into
the Mediterranean Sea were placed in an exceptionally
favourable position for having their attention drawn
to some of these features. In particular, this region
displays with remarkable fullness the operation of"
various natural agencies whereby the surface of the
earth is altered. It reveals also in a striking manner
to the observant eye proofs that these agencies have
been at work from a remote antiquity, and have in the
course of ages profoundly modified the distribution of
sez and land. Thus the countries situated within its.
borders have been and still are subject to continual
shocks of earthquake. For many thousands of years
probably not a month has passed without a concussion
in some part of the region, usually slight enough to.

Ly i 14 . 2xviL i 46. § v, ii. 1.
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alarm without doing much damage, but ever and anon
as appalling calamities that have prostrated cities and
destroyed thousands of their inhabitants. Moreover
another phase of subterranean energy has from time
immemorial been conspicuously developed in the same
region. Two distinct and widely separated volcanic
centres exist in the Mediterranean basin, and have had
their eruptions chronicled by poets and historians from
a remote antiquity. One of these centres lies in the
Aegean Sea, where the isle of Santorin still remains an
active volcano. The other and much the more im-
portant area extends from the Phlegraean Fields around
Naples to beyond the southern coast of Sicily, and
includes the great cones of Etna and Vesuvius, besides
other smaller but active vents. From the dawn of
history the inhabitants of Greece and Italy have wit-
nessed the awe-inspiring eruptions of these volcanoes
which notably coloured some parts of the old myth-
ology.

Again, the Mediterranean region contains within its
limits a remarkable diversity of climates, and con-
sequently a varied and abundant development of all
those geological processes over which climate exerts a
controlling influence. The mountain chains, from the
far Pyrenees on the one hand to the distant Caucasus
on the other, with their snow-fields and glaciers, their
cloud-caps and storms, display the extremes of winter
cold, and of rainfall, tempests and landslips. On the
southern side of the basin lie wide tracts of country
with little or no rain, and passing inland into vast
sandy deserts of almost tropical heat. From the
mountains innumerable torrents gather into lakes and
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rivers, which water the plains and bear the drainage
out to sea. Drought and inundation succeed each
other, and the same river which at one time carries
fertility all over its valley, at another time, swollen
into an impetuous flood, spreads across the plains,
sweeping away farms and villages, and burying the
soil under sheets of sterile gravel and sand. The
operations of such streams as the Rhone, the Po,
the Tiber, the Danube, the Achelous and the Peneius
were not only watched by the inhabitants along their
banks but became the subjects first, of widely diffused
legendary tales, and afterwards of philosophical dis-
cussion. On the south side of the great sea, the
Nile, with its mysterious sources and its unfailing
annual rise, furnished an inexhaustible source of wonder
and speculation.

Further, all round the basin of the Mediterranean
the younger geological formations, upraised from the
sea, now underlie many of the plains and rise high
along the flanks of the hills. In these deposits, shells
and other remains of sea-creatures have been preserved
in such vast numbers as could not fail to arrest atten-
tion even in the infancy of mankind. Since the
organisms are obviously like those still living in the
neighbouring sea, the inference could readily be
drawn that the sea had once covered the tracts of
land where these remains had been'left. This con-
clusion was reached by some of the earliest Greek
philosophers, and there can be little doubt that it
led to those wide views of the vicissitudes of Nature

which were adopted in later centuries by their
SUCCESSOors.
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Our retrospect of the growth of an intelligent
appreciation of the geological phenomena so well
developed in this long inhabited region need not
take us further back than the time of Aristotle, the
true Father of Natural History, (B.c. 384-322) who
besides his own original contributions to science,
supplies valuable references to writings of his pre-
decessors which have not come down to us. His
treatises furnish an admirable exposition of the state
of natural knowledge in his time. When he wrote,
the geocentric view of the universe was still publicly
accepted without question. But he had firmly grasped
certain truths regarding our globe, which, though
taught long before by some of his predecessors, were
not yet generally admitted. Thus he recognized that
the planet possesses a spherical form, which is the
most perfect of all, and he pointed in proof to the
round shadow cast by the earth upon the moon during
a lunar eclipse. He showed also by the difference in
the aspect of the stellar heavens, as we move but a
little way from north to south or south to north, that
the mass of our globe must be relatively small. ¢ The
size of the earth is nothing,” he says, ¢absolutely
nothing, compared with the whole heavens. The
mass of the sun must be far greater than that of our
globe, and the distances of the fixed stars from us is
much greater than that of the sun.”! Accepting the
common belief that the world consisted of four
elements, he looked on these as arranged according
to their relative densities. “The water is spread as
an envelope round the earth ; in the same way, above

1 Meteorics, 1. viii. 6 ; xiv, 18,
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the water lies the sphere of air, while outside of all
comes the sphere of fire.”?

With regard to the surface of the planet, Aristotle
had formed some sagacious conclusions, though mingled
with certain of the misconceptions that were prevalent
in his time. In trying to gain a general impression of
the manner in which geological problems were treated
by him and the succeeding naturalists and philosophers
of antiquity we may find it convenient to consider
them under the three sections of (1) Underground
processes ; (2) Surface processes; and (3) Evidence
of geological changes in the past.

1. Underground Processes. As Greece, from its special
geological structure, has from time immemorial been
subject to frequent earthquakes, the attention of the
more reflective men in the country must have been
early drawn to these subterranean disturbances and to
a consideration of their possible cause. Aristotle has
devoted a portion of his treatise on Meteorics to a
discussion of earthquakes, and has quoted the opinions
of some earlier philosophers in regard to them. He
tells us that Anaxagoras (B.c. 480) accounted for these
disturbances by the descent of the surrounding ether
into the depths of the earth; that Democritus (B.c.
460-357) thought they were caused by the bursting
out of the mass of liquid within the earth, especially
after heavy rains ; and also, after the earth had become
desiccated by the great commotion arising from the fall
of water from the full spaces into those that were
empty ; and that Anaximenes (B.c. §44) supposed

10p. cit. 1. ii. 5. The sphere of fire, the “flammantia moenia
mundi” of Lucretius, was the region of the stars and planets.
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them to be produced by the disruption of mountains
when the earth, at first full of water, dries up; for
he remarked that they take place chiefly during
droughts and also during excessively wet seasons,
because in the one case the earth is dried and splits
up, while in the other, it gives way on account of
being saturated with liquid.

Rejecting the explanations of his three predecessors
just cited, Aristotle remarks that if some of their
views were true, earthquakes ought gradually to grow
less abundant and severe, until at last the earth should
cease to shake, but that as this diminution has not been
observed, another interpretation must be sought. He
accordingly proposes one of his own which is a curious
and memorable instance of imperfect observation and
inaccurate generalisation. Earthquakes are due, he
thinks, to a commingling of moist and dry within the
earth. Of itself, the earth is dry, but from rain it
acquires much internal humidity. Hence when it 1s
warmed by the sun and by the internal heat, wind is
produced both within and without its mass. Wind,
being the lightest and most rapidly moving body, 1s
the cause of motion in other bodies ; and fire, united
with wind, becomes flame which is endowed with great
rapidity of motion. It is neither water nor earth
which causes an earthquake; it is the wind when
what is vaporised outside returns into the interior.
Remarking a relation between the frequency and
violence of earthquakes and the state of the weather,
Aristotle admits with Anaximenes that they occur most
abundantly in spring and autumn, during the seasons
of heavy rain and of great drought, but he thinks
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that the reason of this relation should be sought in
the fact that during these seasons there is most wind.!

Aristotle regarded earthquakes and volcanic erup-
tions as closely related phenomena. He states that it
had been observed in some places, that an earthquake
has continued until the wind from the interior has
rushed out with violence to the surface, as had
then recently happened at Heracleia on the Euxine,
and before that event at Hiera (Volcano), one of the
Lipari Isles. At this latter locality the ground rose
up with a great noise and formed a hill that broke
up and allowed much wind to escape from the fissures,
together with sparks and cinders which buried the
whole of the neighbouring town of the Liparans.
The shock was even felt in some of the towns on
the opposite mainland of Italy.

Aristotle was further led to propose an explanation
of the great heat that forms part of the volcanic
phenomena. ¢ The fire within the earth,” he remarks,
“can only be due to the air becoming inflamed by
the shock, when it is violently separated into the
minutest fragments. What takes place in the Lipari
Isles affords an additional proof that the winds circu-
late underneath the earth.”?

This idea that volcanic action was mainly due to
the movement of wind imprisoned within the earth
obtained wide credence in antiquity. Aeolus, the god
of the winds, was believed to have his abode under
the so-called Aeolian Isles, which are all of volcanic
origin, and among which eruptions have been taking
place since before the dawn of history.

1 Meteor. 1. vii., viii, 2 0p. cit. 1. viii. 2o0.
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Aristotle in his wide survey of the organic and
inorganic kingdoms did not omit to consider the
nature of stones, metals and minerals, and to offer
his suggestions as to their possible origin. He sup-
posed the existence of two exhalations which play a
notable part in nature both inside and outside the earth.
One of these, the smoky or dry exhalation by burning
substances, gives rise to minerals and other kinds of
stone which are insoluble in water. The other or
vaporous exhalation produces the metals which are
fusible or ductile. Aristotle’s favourite pupil, Theo-
phrastus (B.c.374-287) took up this subject in a
much more practical way in his tract on Srwnes, which
describes the external characters, sources and uses of
the more familiar rocks and minerals. Interesting as
a narrative of what was known and thought in his
day in regard to the mineral kingdom, it may be
claimed as the earliest essay in Petrography. His
treatise *“ On Fishes ” contains a reference to remains
of fishes found in the rocks of Pontus and Paphla-
gonia. The philosopher thought that these fossils
were developed from fish-spawn left in the earth, or
that fishes had wandered from neighbouring waters
and had finally been turned into stone. He also
expressed the idea that a plastic force is inherent in
the earth whereby bones and other organic bodies are
imitated.

Lucretius, whose great poem, De Rerum Natura,
appeared about half a century before the beginning
of our era, states with his characteristic force the
explanations then in vogue to account for the pheno-
mena of earthquakes. The interior of the earth,
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he declares, must be full of wind-swept caverns, with
lakes, rivers, chasms and cliffs, as above ground. The
fall of some of these vast mountainous rocks, under-
mined by time, gives such a shock as to send gigantic
tremors far and wide through the earth. Again,
wind, collecting in these subterranean cavernous spaces,
presses with such enormous force against the walls
towards which it rushes as to make the earth lean
over to that side, and to topple down buildings
above ground. Sometimes the air, either from out-
side or from within, sweeps with terrific whirling vio-
lence into the vacant spaces underneath, until in its
fury it cleaves for itself a yawning chasm in the earth
by which it escapes to the daylight. Even when it
does not issue at the surface, its violence among the
many underground passages sends a tremor through
the earth.

The poet stating that he will explain how volcanic
eruptions, such as those of Etna, arise, declares that
the mountain is hollow within and that the wind and
air inside, when thoroughly heated and raging furiously,
heat the rocks around. Fire is thus struck out from
these rocks and with its swift flames is swept by the
air up the chasms, until it issues from the mountain-
top, hurling forth ashes, huge stones, and black smoke.
From the sea-floor caverns reach down into the depths
of the mountain, and the water that enters there,
mingled with air, rushes out again in blasts of flame
with showers of stones and clouds of sand! We
are not definitely told, however, by what process the
heat inside is engendered, whether the explanation

1De Rerum Natura, v1. §35-70z2.
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of Aristotle was favoured, or the common belief in
subterranean accumulations of sulphur and other com-
bustible substances.

Coming down to the beginning of the Christian era,
we turn to the pages of Strabo, who besides availing
himself of the labours of his predecessors, more
particularly of those who wrote in Greek, travelled over
a considerable part of the ancient world, with observant
eyes as to what he himself saw and a critical judgment
as to what he heard from others. Though his great
work is mainly a description of the topographical and
political geography of his day, it is interspersed with
acute observations and reflections regarding the
physical features of the various countries, and the
natural processes whereby these features have been
produced or altered. His Geography, therefore, con-
tains not a few important statements of fact in regard
to the general effects of subterranean energy. Thus
he cites 2 number of earthquakes by which chasms
in the ground were formed, thousands of people were
destroyed and cities were swallowed up. He also
gives some information regarding volcanic eruptions
which had taken place within the historical period
in the Mediterranean region. In his time Mount
Vesuvius was not only quiescent, but was not known
to have ever been active. His quick eye, however,
detected the true origin of the mountain. From
the aspect of its summit, he inferred that it was
once a volcano, with live craters which had become
extinct on the failure of the subterranean fuel, and
he compared its slopes to the ground around Catania,
where the ashes thrown out by Etna have formed
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an excellent soil for vines. He recognised the truly
volcanic nature of the whole district from Etna to
the Phlegraean Fields, under which Typhon, as Pindar
sang, lay crushed on his burning bed.! In his excellent
account of the ascent of Etna, Strabo compares the
molten lava to a kind of black mud which, liquefied in
the craters, is ejected from them and flows down the
sides of the mountain, cooling and congealing in its
descent, until it becomes a motionless dark rock like
millstone.?

Strabo, however, made no advance on his predecessors
in regard to an explanation of the nature and cause
of volcanic action, which he continued to attribute to
the force of winds pent up within the earth. He
alludes to the connection between the state of the
weather and volcanic energy at the Lipari Isles, already
noticed by previous writers—a connection which, so
far as it exists, doubtless tended to confirm the popular
attribution of the eruptions to the escape of subterranean
wind. The most important remark of this geographer
in regard to volcanic action is undoubtedly his obser-
vation that the district around the Strait of Messina
seldom suffers much from earthquakes, whereas
formerly, before the volcanic orifices of this region
were opened up, so as to allow of the escape of the
fire smouldering within the earth and of the im-
prisoned wind, water and burning masses, the ground
was convulsed with frightful earthquakes. The
doctrine that volcanoes are safety valves, which was
once thought to be a modern idea, is thus at least
as old as the beginning of the Christian era.

1Book vi. i. §. 2y il 3, 8.
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Strabo cites examples of wide-spread and also local
sinkings of land, as well-known historical events, such
as the catastrophe that submerged the town of Helice
in Achaia, together with an extensive surrounding
district. He believed that to earthquakes and similar
causes were due the risings, slips and other changes
which at various times affect the surface of the earth,
and he held that deluges, earthquakes, eruptions of
wind, and elevations of the bottom raise the level of
the sea, which on the other hand, is lowered when
the bottom subsides.!

The numerous islands in the Mediterranean Sea
occupied much of Strabo’s attention. He appears
to have believed that their insular character arose from
two causes. Some he supposed to have been torn
from or joined to the mainland by such convulsions
as earthquakes, while others were obviously thrown
up by volcanic agency. Those which lie off headlands
he was inclined to attribute to the former cause;
but those which stand in the middle of the sea seemed
to him to have been most probably thrown up from
the bottom. He does not appear, however, to have
had any settled grounds of belief upon this question,
for in one passage he speaks of Sicily having been
broken off from the mainland of Italy by earth-
quakes,? while elsewhere he thinks that this island
“ may have been thrown up from the bottom of
the sea by the fires of Etna, as the Aeolian and
Pithecusan Isles (Ischia, etc.) have been.”? He refers
to submarine eruptions among the Lipari Islands
that had given rise to islets or shoals of hard rock

1 Book 1. 111 10. 2v1 1. 6. 31. 1. 10,
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—an interesting observation in connection with some
events in the recent history of this volcanic dis-
trict.!

The philosopher Seneca, besides the treatises and
plays by which he is chiefly known, wrote towards the
end of his life a tract in which, under the title of
Natural Questions, he discoursed largely of the heavenly
bodies and of meteorological phenomena, and discussed
also, more fully than any previous writer whose work
has come down to us, some of the more important
geological processes of nature. He was born a few
years before the commencement of our era and met his
tragic fate in A.p.65. As the tract in question refers
to events which had happened some time before, in the
spring of A.p. 63, it is probably his latest work.
Seneca appears to have been familiar with all the
literature of the subject up to his own time, and he
quotes and criticises the opinions of many of his
predecessors. Especially interesting are his disquisi-
tions on the flow of water at the surface and below
ground, and on the results and origin of earthquakes.
From his treatment of these matters he can be seen to
have been a shrewd observer and sagacious reasoner,
though still unable to advance much beyond  the
opinions prevalent in his day, and still holding to some
of the most erroneous popular beliefs. Yet he clearly
recognized that the system of Nature is no capricious
series of events, liable at any moment to be interrupted
and changed by the fiat of some irascible divinity.
“Though the processes below ground,” he remarks,
‘““are more hidden from us than those on the surface

lyr i1 11,
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of the earth, they are none the less equally governed
by invariable laws.”

Seneca appears to have been much impressed by the
earthquake which did so much damage in Campania on
sth February a.p. 63, for he refers to it again and
again, and furnishes from the lips of eye-witnesses some
interesting particulars regarding it. Thus he tells how
a flock of 600 sheep were killed in the district of
Pompeii, a fate which he attributes to the rise of
pestilential vapours from the ground. He was in-
formed by a most learned and serious friend that when
he was in the bath the tiles on the floor were separated
from each other and were then driven together again,
while the water at one moment sank through the
opened joints of the pavement, and thereafter boiled up
again and was jerked out. The philosopher’s account
is the earliest detailed description of an earthquake,
which has come down to us. The recentness of the
event, the serious nature of the damage done, and the
abundant narratives of those who had been in the midst
of the calamity led him to consider the effects and
causes of earthquakes more at large than had been done
before his time.

After giving a graphic picture of the terror of the
human mind when the ground beneath our feet is
convulsed, and the one thing in the world that seemed
securely fixed gives way beneath us, he ridicules the
action of those who from fright deserted Campania and
vowed they would never return. Where, he asks, can
they promise themselves to find a more steadfast soil !

1Lit.lzle: did he realise the volcanic nature of the ground and the
potential possibilities of destruction which were to be manifested
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We run the same risks everywhere, for no part of the
wide earth is immovable. He then proceeds to
enumerate the various explanations that up to his day
had been proposed to account for the phenomena.
Among these he cites that of Anaximenes as to the
collapse of subterranean portions of the earth. But he
himself adheres to the view which had now been
adopted by the majority of authors, including those
of most weight, who supposed the cause to lie in
the movements of wind imprisoned beneath the earth.
He offers a long disquisition on the manner in which
he conceives that the subterranean wind acts. Nothing
known to us, he states, is more powerful or more
penetrating than air in motion. Without its aid none
of the other forces in nature, even those which are
most energetic, are of any avail. As beneath the
earth there are abundant hollows, with rivers, lakes
and large bodies of water, which have no exit above
ground, so in these dark caverns and recesses the
heavy air is pressed down and by its motion gives
rise to currents of wind. The force of these currents
is increased in proportion to the impediments in the
way of their escape, until they find a vent to the
surface.

Seneca distinguishes between the up-and-down move-
ment (succussio) in earthquakes and the oscillatory
movement (inclinatio) like that of a ship at sea. He
thinks that even a third kind of motion should be
recognised, that of trembling or vibration. He

only sixteen years after the Campanian earthquake by the outbreak

of Vesuvius in a.pn. 79, and the overwhelming of Pompeii and
Herculaneum.
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believes that each of these motions arises from a
different cause. Thus the trembling or vibratory
phase, like that produced by the passage of a heavily-
laden wagon, or like that arising from a landslip, may
be due to the collapse of the sides of subterranean
cavities, when the rocks fall with great weight and
noise into the recesses below. These catastrophes may
sometimes be aided by the abrading power of the
overlying rivers, and the constant action of water in
widening and weakening the fissures of rocks. When
the concussion is so great as to shake down the walls
by which the roof of one of these underground empty
spaces is supported, the whole ground will give way and
sink into the abyss, carrying down large tracts of the
surface and even entire cities.

This philosopher recognized the local character of
earthquakes, and connected the limitation of their
extent with the restricted dimensions of the subter-
ranean caverns where the wind is developed. If it
were not so, he remarks, wide tracts of country would
be agitated and many places would totter at the same
time. But the movement never extends beyond a
distance of two hundred Roman miles, and he points
once again to the recent example that had filled the
Roman world with its renown, yet did not itself travel
outward beyond the bounds of Campania.

Volcanoes form the subject of some interesting
remarks in Seneca’s treatise. He refers to various
eruptions in the Italian and Greek centres of volcanic
activity.  In speaking of two outbreaks at Santorin
he remarks that an island rose out of the sea by
protracted eruptions from below, and he notes that
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the internal fire is neither extinguished by the
weight of the superincumbent depth of sea, nor pre-
vented from rushing to a height of a couple of
hundred paces above the water.! He speaks of Etna
having sometimes abounded in much fire, and thrown
out a great deal of burning sand, day being turned
into night, to the terror of the population. On such
occasions, thunder and lightning are said to have
abounded ; but these came from the concourse of
dry materials, and not from ordinary clouds, of which
probably there were none in such a raging heat of
air—a shrewd anticipation of the modern distinction
between ordinary atmospheric electric discharges and
those evoked during the ejection of vapours, gases,
dust, and stones from a volcanic orifice.?

Following the general opinion of the learned men
who had preceded him, Seneca had no doubt that
volcanic eruptions, like earthquakes, were due to the
struggles of subterranean wind to break out to the
surface. It is evident, he says, that underground
there is a great store of sulphur, and of other sub-
stances not less capable of combustion. When the
subterranean wind in seeking an outlet has whirled
itself through these places, it must in so doing set
these inflammable things on fire by mere friction.
The flames spreading, in spite of the somewhat
sluggish air, make way with vast noise and force,
and find at last their escape to the surface, as at
Etna and elsewhere. There are fires covered up
within the earth, some of which occasionally burst
forth; but a vast number are always burning in

1Book 11. xxvi. §. 211, xxx. 1.
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concealment.! As the result of these subterranean
commotions, new mountains are raised and new
islands are placed in the midst of the sea. “Who
can doubt, for instance,” the philosopher asks,  that
wind gave birth to Thera and Therasia, and to the
younger island which even in our own time we have
seen spring up in the Aegean sea?”

Another work of Seneca’s time deserves mention
here—the voluminous Natural History of the Elder
Pliny, in which so vast a mass of miscellaneous notes
has been compiled regarding the plants, animals, and
minerals known to the ancients, and the earthquakes,
volcanic eruptions, inundations and other natural
events which had happened within the times of
history.2 Though rather a chronicler of other men’s
opinions and experiences than himself an original
observer, he must have been imbued with a keen
interest in every department of Nature, as he cer-
tainly was endowed with portentous and unwearied
industry in gathering together all the information
that could be ascertained from every source. The
graphic picture which we have of him in his nephew’s
letters to Tacitus shows him as the eager and
enthusiastic naturalist, keenly interested in every
phenomenon, ready with his tablets to make a note
of all that he saw or heard or read, and strictly
methodical and austerely temperate in his habits of

1Book v. xiv.; 1. x. 4.

2Those who are interested in such matters will find a useful
compendium of Pliny’s remarks on minerals, rocks, earthquakes
and volcanoes in Dr. H. O. Lenz’s Mineralogie der Alten Griechen
und Romer, Gotha, 1861.
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lite. It must always be remembered that it was in
the pursuit of scientific knowledge that he lost his
life by venturing too near the scene of the disastrous
eruption of A.p. 79, which overwhelmed Herculaneum
and Pompeii. If the tradition be correct that Empe-
docles met his death by approaching too close to the
edge of the crater of Etna, this philosopher may
perhaps be claimed as a victim to the desire to
explore the mysteries of volcanic action. But in the
case of Pliny there is no uncertainty. He is enrolled
for all time as the first definitely recorded martyr to
the cause of geological science.

After referring to the opinion of the Babylonians
that earthquakes and all allied phenomena are to be
ascribed to the influence of the stars, Pliny remarks:
“ My own belief is that they are caused by wind.
They only occur at times of complete calm, when
the wind, having sunk down into the subterranean
chasms, breaks forth once more.”! He enumerates
a number of earthquakes of note, and in discussing
the phenomena that take place in connection with
them on land and sea, he states that towns with
numerous culverts and houses with cellars suffer less
than others, and that, for example in Naples, those
houses are most shaken which are built on hard
ground. He likewise recounts instances of volcanic
eruptions and the appearance of new volcanic islands,
but without throwing any light on the causes of
these disturbances.

It thus appears that during classical antiquity no
perceptible advance had been made in the investigation

1 His¢, Nat. 1n1. 81.
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of the nature and cause of earthquakes and volcanoes.
The idea that both of these manifestations of hypogene
energy arise from the action of air imprisoned within
the earth and struggling to escape continued to hold
its ground, the heat and fire of volcanoes being re-
garded as probably due to the action of the internal
wind in setting fire to sulphur, bitumen or other
combustible substances.

o. Processes at work on the surface of the earth.
Among the geological agents which alter the face of
the land, rivers have naturally occupied much of the
attention of mankind in all ages. Herodotus during
his visit to Egypt was greatly interested in the Nile,
and he devotes some space to a discussion of the
remarkable characteristics of this stream. He enum-
erates and criticises the various explanations which had
been given of its annual rise, but without venturing
on any definite conclusion himself. He recognises
however the significance of the yearly deposit of silt
on the surface of the country, and concludes that
“Egypt is the gift of the river.”

Aristotle discusses the phenomena presented by rivers,
and shows considerable acquaintance with the drainage
system on the north side of the Mediterranean basin.
He criticises previously expressed opinions as to the
source of rivers, particularly ridiculing the sugges-
tion of Plato that all rivers flow directly from a vast
mass of water under the earth. He appears to have
held the opinion that just as the vaporised moisture
in the atmosphere is condensed by cold and falls in
drops of rain, so the moisture beneath the earth is
similarly condensed and forms the sources of rivers.
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He states that the mountains, by their cold tempera-
ture, condense the atmospheric moisture and receive
a vast quantity of water, so that they may be com-
pared to an enormous suspended sponge. He shows
by geographical illustrations, drawn from Asia and the
Mediterranean basin, that the largest rivers descend
from the loftiest ground, where the water accumu-
lates in numberless channels. He admits the possible
existence of underground lakes from which rivers may
issue, and alludes to the disappearance of some streams
into subterranean channels.

Aristotle, moreover, reflected profoundly on the
geological operations of rivers. Recognising the
truth of the observation that the plain of Egypt had
been built up by the deposits of the Nile, he also
noted that along the shores of some parts of the
Black Sea the river alluvia had increased so much
in sixty years that the vessels in use there had to
be much smaller than formerly, and that in this case,
as in so many others, the silting up might go on
until the marsh-land became dry ground. Similar
changes were then in progress on the Bosphorus.
The contemplation of these and other vicissitudes led
the philosopher to some striking generalisations as to
the past and the future of the surface of our globe,
to which reference will be made on a later page.

To Strabo we are indebted for some sagacious
observations on the hydrography of the Mediterranean
basin. He points out that, like the Nile, the other
rivers that enter this sea form extensive alluvial
deposits at their mouths, as well as inland over the
low grounds, and he specially instances the plains of
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the Hermes, Cajster, Mzander and Caicus as having
been formed by the streams that flow through them.!
The deltas vary, he thinks, according to the nature
of the regions drained, being most developed where
the country is large and the surface rocks are soft,
and where the rivers are fed by many torrents. He
remarks that these accumulations are prevented from
advancing further outward into the sea by the ebb
and flow of the tides.?

Strabo believed the outflowing currents of the
Mediterranean Sea, as well as that of the Bosphorus,
to be due to the escape of the surplus water that
drains into the basin. In the course of his narrative
he is led to discuss the question of the opening of
a connection between the Black Sea and the Medi-
terranean, and between this latter and the outer
ocean. He expresses the opinion that we should not
be surprised if the Isthmus of Suez were to be dis-
rupted or to subside, so as to allow the Mediterranean
and Red Sea to be joined together.?

In his philosophical survey of Nature and its pro-
blems, Seneca found room for a consideration of the
water-circulation of the globe. His reflections on this
subject show that in one important respect he had
not advanced beyond the position of Aristotle. In
his essay already cited he discusses at some length
the various kinds of terrestrial waters, noting their
tastes, temperature, uses, effects and other features.
He speaks of himself as a diligent wine-grower,* and

1 Book xv. i. 16. 21. 1il. 7, 8. 8y, it 6; 7. 1'%

4 Seneca evidently used his eyes to some purpose in the country.
He calls attention to the remarkable power of vegetation in displacing
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in this capacity he had noted that the heaviest rain
does not moisten the earth for more than ten feet
downward, most of it flowing off into the beds of
streams. He gives his opinion, therefore, that rain
may make a torrent or help to swell a stream, but
that it cannot of itself be the source of a river flowing
with an equable course between its banks. If he is
asked whence, then, does the water of rivers come,
he replies that the question is as inept as it would
be to demand where air and earth come from. Water
being one of the four elements forms a fourth part
of nature. Why then should we be surprised if it can
always keep pouring out? He knows that just as
in the human body there are veins which when
ruptured send forth blood, so in the earth there are
veins of water which are found even in the driest places,
at depths of two or three hundred feet below the
surface, and which when laid open issue in springs
and rivers. The water at these depths, so far below
the limits to which rain can moisten the earth, is not
regarded by him as of atmospheric origin, but living
water (agua viva), for as all things are contained in
all, the earth, water and air can pass into each other.
The earth contains water which it presses out and
also air which, by the cold of winter, it condenses
into moisture ; the earth itself is also resolvable into
moisture.

Coming to the consideration of water at the surface,
he is on sounder ground when he discusses the
regime of rivers. He can see no more reason why

stones and destroying monuments, even the most minute and slender
rootlets being able to split open large rocks and crags, 1. vi. §.
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we should wonder at the changes of volume in rivers
than we do at the regular succession of the seasons.
After an excellent account of a flood on the Danube,
of which we may believe him to have been an eye-
witness, he enters upon a discussion of the rise of
the Nile which he describes as it appears at Philae.
In rejecting the popular opinion expressed by the
tragedians that the cause of this annual phenomenon
is to be sought in the melting of snow on the
mountains of Ethiopia, he repeats the arguments of
Herodotus (whom however he does not cite) but with
the interesting addition, which he may have derived
from the explorers sent by Nero to the south of
Egypt, that in Ethiopia no hibernating animal had
ever been found, and that the serpent may be seen
there in winter even on the open high grounds.'

The effects of floods in destroying woods, houses
and flocks are described, and the philosopher, in his
characteristic way, turns from a contemplation of these
events to moralise over the destiny of mankind. He
asks in what manner, when the fatal day of the
deluge shall arrive, will a large part of the earth’s
surface be destroyed by water, whether the great ocean
will overwhelm us, or ceaseless torrents of rain, or
prolonged winter, pouring deluges from the clouds,
or rivers swollen into floods, and torrents rushing from
newly opened sources, or whether it will be by no
single agency, but when all will conjoin together ; when
rains will descend, rivers will overflow, the sea will
issue from its depths and all will sweep in one fell
array against the human race.?

1 Book 1v. ii. 7-30, 2 111, XXvil.
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3. Proofs of geological changes in the past. Through-
out the Mediterranean basin the profusion of well-
preserved marine shells in the upraised younger
formations which underlie the lowlands and crop out
along the sides of the hills, must have attracted the
notice of the earliest inhabitants. Accordingly we find
in Greek literature frequent allusion to them and to
the inference deduced from them that many tracts
of land had once lain beneath the sea. Xenophanes
of Colophon (B.c. 614) is recorded to have written
concerning sea-shells found among the inland hills
in Malta and elsewhere, and to have concluded from
them that they prove periodical submergences of the
dry land, wherein man and his dwelling-places have
been involved. Xanthus the Lydian (B.c. 464) is
quoted by Strabo as having seen shells like cockles and
scallops, far from the sea, in Armenia and Lower
Phrygia, and having inferred, from this evidence and
that of scattered salt-lakes, that these regions had
once been submerged beneath the sea.! Herodotus
noticed petrified sea-shells in the hills of Egypt,
especially those near the oasis of Jupiter Ammon,
and he too concluded from them, and from the saline
crust on the ground, that the sea had once spread over
Lower Egypt.? Some centuries later these observa-
tions were confirmed by Eratosthenes (B.c. 276-196)
who noted vast quantities of marine shells 2000 or
3000 stadia from the sea and for a distance of 3000
stadia along the road to the Ammon oasis, together
with beds of salt and saline springs.® Strato (B.c. 288)
also is quoted by Strabo as having come to the

1Strabo, 1. iil. 4. 3. 12. 8 Quoted by Strabo, &e. cit.
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conclusion that the temple of Jupiter Ammon was
once near the sea, which then spread over Egypt as
far as the marshes, near Pelusium, Mount Casius and
the Lake Sirbonis. He speaks of salt being dug in his
time in Egypt under layers of sand mingled with shells,
as if the whole region had formerly been covered by
a shallow sea that stretched across to the Arabian
Gulf!

No writer of antiquity has expressed himself more
philosophically than Aristotle regarding the past vicissi-
tudes of the earth’s surface. Having studied so
carefully the operations of the various agents that are
now modifying that surface, he recognised how greatly
the aspect of the land must have been transformed
in the course of ages. His remarks on this subject
have a strikingly modern tone. He contemplates the
alternations of land and sea and furnishes illustrations
of them, much as a geologist of to-day may do.
“ The sea,” he says, “now covers tracts that were
formerly dry land, and land will one day reappear
where we now find sea. We must look on these
mutations as following each other in a certain order,
and with a certain periodicity, seeing that the interior
of the globe, like the bodies of animals and plants,
has its periods of vigour and decline, with this dif-

1 Loc. cit. Strabo narrates his own experience as to fossils in the
rocks of Egypt. When standing in front of the Pyramids he noticed
that the blocks of stone that had been brought from the quarries
contained pieces which in shape and size resembled lentils (nummu-
lites) and he was told that these were remnants of the food of the
workmen turned into stone—an explanation which he rejects as
improbable, though he cannot suggest a likely origin for them. xviL.

i. 34.
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ference, however, that while the whole of an organ-
ism flourishes and then dies, the earth is affected only
locally.

“ These phenomena escape our notice because they
take place successively during periods of time, which,
in comparison of our brief existence, are immensely
protracted. Whole nations may disappear without
any recollection being preserved of the great terrestrial
changes which they have witnessed from beginning
to end. So too the increase in the area of habitable
land is brought about so imperceptibly in the course
of long ages that we can neither tell who were the
first inhabitants to settle in such new tracts, nor in
what condition they found the land.” After quoting
in illustration the early history of Egypt and of the
territories of the Argives and Mycenians in Greece,
he remarks that what had transpired in a little district
appears to take place in precisely the same way in
more extensive regions and over entire countries. He
then proceeds to consider how these vicissitudes of
topography are to be accounted for.

“ The cause to which such terrestrial mutations are
to be assigned may perhaps be that just as winter
regularly recurs among the seasons of the year, so a
great winter, lasting through a vast period of time, may
arise, bringing with it an excessive rainfall. Such a pre-
cipitation would not always affect the same countries.
Decalion’s deluge, for example, only extended over
old Hellas which lies near to Dodona and the river
Achelous, which has often shifted its course. Land
that is lofty and has a cold temperature gives rise to
and retains an abundance of water which keeps it
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perpetually moist, while lower grounds, especially
where the rocks are porous, are the first to be dried
up. In course of time one area becomes more or
less desiccated, until a fresh return of a great period
of inundation.”?

As geographical proof of the probability of these
suggestions, he refers again to the early condition of
Egypt. Herodotus had long before announced his
belief that the Nile had filled up with its sediments
the tract between Thebes and Memphis, once an
inlet of the sea, and had continued to push out its
silt so as to form the delta. Aristotle, enlarging on
the statements of the historian, declares that Egypt
was evidently at one time covered by a continuous
sea, and that the Nile, with its annual burden of
sediment, has shallowed this expanse of water, turning
it first into marshes which by degrees became entirely
dried up. He concludes with these remarkable words:
“1It 1s clear that, as time never stops and the universe
is eternal, the Tanais and the Nile, like all other
rivers, have not always flowed ; the ground which
‘they now water was once dry. But if rivers are born
and perish, and if the same parts of the land are
not always covered with water, the sea must undergo
similar changes, abandoning some places and returning
to others, so that the same regions do not remain
always sea or always land, but all change their con-
dition in the course of time.”?

Though Strabo was more intent on recording geo-
graphical facts than indulging in geological speculations,
he could not refrain from sometimes intercalating a

1 Meteor. 1. xiv. 1 et seq. 20, 2 0p. cit. 1. xiv. 31.
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pregnant remark as to the connection of the present
with the past. In regard to the interchange of land
and sea in former periods he held firmly to the doc-
trine so clearly expounded by the earlier philosophers.
¢« Every one will admit,” he writes, that at various
periods a great portion of the mainland has been
covered and again left bare by the sea.” “All things
are continually in motion and undergo great changes,
much of the land being turned into water, and much
of the water changed into land. Some parts of the
earth now inhabited by man once lay beneath the sea,
while some portions of the bed of the sea were once
inhabited land.”!

The poet Ovid (B.c. 43-a.p. 18), who flourished
about the same time as Strabo, in a well-known passage
in the 15th book of his Metamorphoses represents
Pythagoras as himself expounding his view of the
system of Nature. This philosopher’s doctrines have
only come down to us reported and perhaps distorted
by others. As Ovid introduces into Pythagoras’ dis-
course allusions to some incidents which took place
long after the philosopher’s death, the narrative cannot
be regarded as historically accurate, or as more than a
digest of what, in the time of Augustus, was believed
to be the Pythagorean philosophy. The sage is repre-
sented as maintaining that the world is eternal and
consists of the four elements—air and fire above,
water and earth below. ¢ Nothing in this world
perishes but only varies its form; to be born is
merely to begin to be something different from what
we were before; and to die is to cease to be that same

1 Book xvi1. i. 36.
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thing. In spite of all transformation, the sum of
everything remains constant.” The vicissitudes of
the earth’s surface are then enumerated, and historical
examples of some of them are given. They may be
summarised in the subjoined paragraphs.

What was once solid land is now covered by the
sea, and new lands have been made out of the deep.
Sea shells have been found far inland, and the anchor
on a mountain crest.

Former plains have been carved into valleys by the
descending waters, and thus mountains have been
washed down into the sea.

Ancient lakes have been turned into tracts of burn-
ing sand, and dry ground has been changed to stagnant
marshes.

Nature has opened new springs in some places, and
elsewhere has closed up the old ones.

By former earthquakes many rivers have been made
to spring forth, or to sink down and disappear.

Places that were once islands, like Antissa,
Pharos and Tyre are now joined to the mainland,
and, on the other hand, tracts of once continuous
land are separated by sea-straits like the island of
Leucadia.

Cities have been submerged beneath the sea, as in
the case of Helice and Buris of which the walls, still
standing inclined beneath the waves, are pointed out
by the sailors.

Plains may be turned into hills, as happened at
Troezene where the violence of the winds, im-
prisoned in their dark caverns within the earth and
unable to find egress, heaved up the ground like
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a bladder and made a prominent hill which still
endures.’

Waters vary in temperature, some being cold during
the day and warm at morning and evening. Others
(accompanied with petroleum or inflammable gas) can
set wood on fire. Some have a petrifying quality, and
others have varying effects on the human body and
mind.

Islands once floating have become fixed, like the
ancient Ortygia which is now Delos, and the Sym-
plegades, which once terrified the Argo, but are now
anchored, and firmly defy the tempests.

Etna which now glows with its sulphurous furnaces
will not always be a burning mountain, and there was
a time before it began to burn. Whether the earth
is an animal that lives and breathesiforth flames from
many vents; or winds pent up within the earth break
out and cast up stones and flame until the caverns
are emptied and cooled ; or some bituminous mass
has taken fire and burns until it dies away in faint
fumes of yellow brimstone; a day will come when
the fires within will die out for lack of fuel.

From this sketch of the knowledge possessed by
the ancients regarding geological processes it appears
that while some sound observations had been made
and a certain amount of correct information had been
gathered together, speculation as to the causes of
things was much more cultivated than the patient
collection and comparison of facts. The same fanciful

1An account of this eruption is given by Strabo (1, iii. 18) and
its effects have been described by the late Professor Fouqué of Paris,
Compt. rend. 1xii, pp. 9o4, 1121, and by other later writers
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hypothesis was accepted and reiterated for centuries,
without apparently any effort being made to test or
verify it by actual observation of nature. Certain
vague and more or less obvious inferences were drawn
as to ancient changes in land and sea, and some of
these changes were correctly referred to the agencies
that produced them. Yet the epigene forces of nature
were but partially comprehended, while the hypogene
activities were entirely misunderstood. Not even the
faintest suspicion had yet dawned on the minds of
men as to the long succession of events in the great
terrestrial ‘evolution which geology has revealed. In
short nothing in this department of knowledge had
yet been accumulated to which the name of science
could be applied.

In one important respect, however, a momentous
forward step had been taken in the intellectual pro-
gress of mankind. The primeval belief that Nature
was governed by impulsive and capricious divinities,
interfering continually with the sequence of events,
had for centuries disappeared from the creed of all
reflective men, though it still found rhetorical ex-
pression among the poets. In its place had come
a more or less definite recognition that the world is
regulated by laws which, invariable and impartial in
their operation now, had been at work from the
beginning. The spread of this more enlightened con-
ception was happily untrammelled by any active
opposition either from a jealous priesthood or from
popular animosity. Each philosopher was at liberty
to hold and to express the views which he chose to
adopt, and while the old religion of classic paganism
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slowly lost its hold on the people, the rise of Chris-
tianity at first offered no impediment to the freedom
of philosophical inquiry. The fate of the Roman
Empire and the inroads of the barbarians arrested for
centuries the progress of natural history investigation.
When this progress was resumed towards the end of
the Middle Ages, a new spirit of intolerance had
arisen from which Antiquity had been free.
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CHAPTER II

Growrts of geological ideas in the Middle Ages—Avicenna and the
Arabs: Baneful influence of theological dogma. Controversy
regarding the nature of fossil organic remains. Early observers
in Italy—Leonardo da Vinci, Falloppio, Steno, Moro. The
English cosmogonists—Burnet, Whiston, Woodward. Robert
Hooke, John Ray, Martin Lister, Robert Plot, Edward

Lhuyd.

DurinG the centuries that succeeded the fall of the
Western Empire such learning as survived in Europe
was to be found only in the monasteries and other
ecclesiastical establishments. But it concerned itself
little with natural knowledge, save in as far as this was
contained in the works of the writers of antiquity.
From about the middle of the eighth century onwards
for some five hundred years, the Arabs kept alive
the feeble flame of interest in researches into the secrets
of Nature. With great labour and at large cost, they
procured as much as they could obtain of the literature
of Ancient Greece and Rome, and studied and translated
into their own language the works of the best
writers in philosophy, medicine, mathematics and
astronomy. They were thus able to some extent to
enlarge the domain of these subjects. One of the most
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illustrious of the Arab authors was the famous Avicenna
(Ibn-Sina, 980-1037), the translator of Aristotle, whose
views he largely adopted. But if the volume “On
the conglutination of Stones” be truly ascribed to him,
he expressed, more clearly than his Greek master,
opinions regarding the origin of mountains and valleys
which show a singular forecast of modern geology.
‘“ Mountains,” he says, “ may arise from two causes,
either from uplifting of the ground, such as takes
place in earthquakes, or from the effects of running
water and wind in hollowing out valleys in soft rocks
and leaving the hard rocks prominent, which has been
the effective process in the case of most hills. Such
changes must have taken long periods of time, and
possibly the mountains are now diminishing in size:
What proves that water has been the main agent in
bringing about these transformations of the surface, is
the occurrence in many rocks of impressions of aquatic
and other animals. The yellow earth that clothes the
surface of the mountains is not of the same origin as
the framework of the ground underneath it, but arises
from the decay of the organic remains, mingled with
earthy materials transported by water. Perhaps these
materials were originally in the sea which once over-
spread all the land.”

With the revival of learning in Europe, attention
was once more drawn to the problems presented by the
rocks that form the dry land. More particularly did
the occurrence of fossil shells, far distant from the
sea, arouse inquiry. We have seen that in the days of
ancient Greece and Rome the questions suggested by
these objects did not wholly escape attention, and that
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while, in general, no doubt was cast upon their organic
origin, the natural conclusion was drawn from them
that they proved the sea to have once overspread the
land.

" This deduction was likewise adopted after the revival
of learning. But by this time the Church had gained
such an ascendency over the minds of men that no
opinions were allowed to be promulgated which
appeared to run counter to orthodox beliefs. If
therefore an observer who found abundant sea-shells
imbedded in the rocks forming the heart of a mountain
chain ventured to promulgate his conclusion that these
fossils prove the mountains to consist of materials
that were accumulated under the sea, after living
creatures appeared upon the earth, he ran imminent
risk of prosecution for heresy, inasmuch as according
to Holy Writ, land and sea were separated on the
third day of creation, but animal life did not begin
until the fifth day. Again, the overwhelming force
of the evidence from organic remains that the
fossiliferous rocks must have taken a long period
of time for their accumulation could not fail to
impress the minds of those who studied the sub-
ject. But to teach that the world must be many
thousands of years old was plainly to contradict the
received interpretation of Scripture that not more
than some 6000 years had elapsed since the time of
the Creation.

To court martyrdom on behalf of such speculative
opinions was not a course likely to be followed by
many enthusiasts. Various shifts were accordingly
adopted, doubtless in most cases honestly enough, in
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order to harmonise the facts of Nature with what
was supposed to be the divine truth revealed in the
Bible. A favourite mode of escape from the difficulty
consisted in denying that the fossils ever formed part
of living creatures. The old notion, first suggested by
Theophrastus, was revived, to the effect that there
exists within the earth a plastic force by which imitative
forms are produced, resembling those of true organisms,
but in reality as inorganic in origin as the plant-like
forms made by frost on window-panes. The fossils
were regarded as simply mineral concretions, and were
described as /lusus naturae, mere freaks of Nature,
lapides sui generis, lapides figurati, *figured” or
“formed” stones.! Some writers, unable to detect
the action of any such formative agency in the earth
itself, supposed that the occult influence came from
the stars.

There were many observers, however, who could
not gainsay the evidence of their own senses, and
who recognised that either we must believe that
the minute and perfectly-preserved organic structures
in the fossils could only have belonged to once
living plants and animals, like those which possess
similar structures at the present day, or that the
Creator had filled the rocks of the earth’s crust with

1'The earliest account of these objects accompanied with illustrative
plates was that of the distinguished Conrad Gesner (1516-1565)
De rerum jfossilium, lapidum et gemmarum figuris, 1565. He had no
very clear idea as to the origin of these objects, some of which he
thought might be remains of plants or animals, while others he
regarded as more probably produced by some inorganic process,
as minerals and ores are formed.
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these exquisitely designed but deceptive pieces of
mineral matter, with no apparent object unless to
puzzle and disconcert the mind of frail humanity.
If they refused to accept the latter alternative, they
found themselves face to face with the dogmas of the
Church and the consequences of professing disbelief
in them. The only escape from the dilemma which
then presented itself to such orthodox minds was to
have recourse to the Deluge of Noah. This event was
at that period regarded as having been a world-wide
catastrophe when, according to the sacred narrative,
“ the fountains of the great deep were broken up, and
the windows of heaven were opened.” For those
writers especially who had little or no personal acquain-
tance with the actual conditions of the problem, who
did not realise the orderly manner in which the fossils
are disposed, layer upon layer, for thicknesses of
many thousand feet in the solid rocks of the land,
the doctrine of the efficiency of the Flood offered a
welcome solution of the difficulty. They had no con-
ception of the physical impossibility of accumulating all

11t is almost incredible how long some of these ignorant beliefs
lasted, and what an amount of argument and patience had to be
expended in killing them. I have been told that even within the
last century a learned divine of the University of Oxford used to
maintain his opinion that the fossils in the rocks had been purposely
placed there by the devil, in order to deceive, mislead and perplex
mankind. On the other hand, an opinion of a contrary tendency
was promulgated in the latter half of the previous century by a
Swiss naturalist, Bertrand, who suggested that the fossil plants and
animals had been placed there directly by the Creator, with the
design of displaying thereby the harmony of His work, and the
agreement of the productions of the sea with those of the land.
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the fossiliferous formations of the earth’s crust within
the space of one hundred and fifty days during which
“the waters prevailed upon the earth, and all the high
hills that were under the whole heaven were covered.”
It was enough for them to obtain warrant from Scrip-
ture that, since the creation of animal life, the dry
land had been submerged, and to adduce evidence
from the rocks which they could claim as striking
corroboration of the truth of the biblical story. Hence
the ¢ diluvialists,” or those who claimed the Deluge
as a leading geological event in the history of the
earth, formed for many years a powerful body of
controversialists, who owed their influence and popu-
larity more to the impression that they were the
champions of orthodoxy than to the convincing nature
of their reasoning.

There could not, however, fail to be some observers
who, after making themselves acquainted with the
fossiliferous strata, found it impossible to believe that
such piles of rock, crowded with a succession of organic
remains, could have been the work of a transient
inundation such as Noah's Flood confessedly was.
Some of these men, struck with the rapidity with
which detrital materials can be accumulated on the
surface of the earth by volcanic outbursts, imagined
that the stratified rocks might have been formed by
the operation of active volcanoes. The volcanic
eruptions of Italy and the Aegean Sea had greatly
impressed the minds of Italian writers, who felt that
if, as in the case of Monte Nuovo on the shore of
the bay of Naples in year 1538, a hill, nearly soo
feet high, could be piled up in two days around a
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volcanic vent, it was at least conceivable that the
whole of the fossiliferous formations might have
been deposited by the same agency during the last
6000 years. So vague and inaccurate was the know-
ledge of rocks at that time, that those who started
this notion seem to have had no suspicion of how
entirely different in character and origin the ordinary
fossiliferous formations of the earth’s crust are from
volcanic productions. Several generations had still to
pass, and detailed observations on stratified rocks had
to be laboriously made in many countries, before the
truth could be finally established that the fossiliferous
formations, many thousand feet in thickness, contain
a long record of geographical changes on the face
of the globe, and of a marvellous succession of organic
types which required a vast series of ages for their
evolution.

During the sixteenth, seventeenth and a great part
of the eighteenth century, the controversy over organic
remains and the part played by the Flood, while
keeping alive an interest in the subject, undoubtedly
hindered the advance of rational conceptions of the
fundamental facts of geological history. It was sin-
gularly unfortunate for the progress of this branch
of science that it should have aroused such ecclesias-
tical antagonism. For the true modern spirit of
observation and experiment had long been abroad and
at work in other branches of scientific inquiry wherein
the Church saw no danger, and where churchmen were
often among the foremost leaders. The necessity for
a close scrutiny of Nature, as the basis of sound deduc-
tion, had for generations been recognised by some of
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the more thoughtful minds before it was developed
into a system by Bacon. Even as far back as the
latter half of the sixteenth century, the method of
practical research, as opposed to mere book-knowledge
and theory, had been advocated even for the investi-
gation of the rocky part of the earth. It was pro-
claimed, in no uncertain voice, by the learned and
versatile Dane, Peter Severinus, who counselled his
readers thus: “Go, my sons, sell your lands, your
houses, your garments and your jewelry; burn up
your books. On the other hand, buy yourselves
stout shoes, get away to the mountains, search the
valleys, the deserts, the shores of the sea, and the
deepest recesses of the earth ; mark well the distinc-
tions between animals, the differences among plants,
the various kinds of minerals, the properties and
mode of otigin of everything that exists. Be not
ashamed to learn by heart the astronomy and terres-
trial philosophy of the peasantry. Lastly, purchase
coals, build furnaces, watch and experiment without
wearying. In this way, and no other, will you
arrive at a knowledge of things and of their pro-
perties.”! The modern spirit of investigation in
natural science could not be more clearly or cogently
enforced than it was by this professor of literature
and poetry, of meteorology and of medicine, in the
year 1§71.?

1 Petrus Severinus, Idea Medecinae Philosophicae, 1571, p. 73, cap.
vii. De principiis corporum (cited by D’Aubuisson),

21t is curious to find a parallel passage to this extract written
a hundred years later by Robert Hooke. He declared that, in
spite of all the knowledge that had been acquired respecting the

™
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A brief survey of the progress of inquiry in Italy
will supply the best illustration of the slow advance
which was made in the demolition of long estab-
lished prejudice, and in paving the way for the ulti-
mate establishment of a philosophical conception of
the past history of the earth. One of the earliest
observers whose opinions have been recorded was the
illustrious painter, architect, sculptor, and engineer
Leonardo da Vinci (1452-1519). His attention hav-
ing been aroused by the abundantly fossiliferous nature
of some of the rocks in northern Italy, in which
canals were cut, he concluded that the shells con-
tained in these rocks had once been living on the
sea-floor, and had been buried in the silt washed off
the neighbouring land. He ridiculed the notion that
they could have been produced by the influence of
the stars, and he asked where such an influence
could be shown to be at work now. But he pointed
out that besides the shells, there were at various
heights, terraces of gravel composed of materials that

world we inhabit, an adequate natural history of the earth could
hardly be prepared until “after some ages past in making collections
of materials for so great a building, and the employing a vast number
of hands in making this preparation.”” He instanced the various
kinds of observers required and the methods and instruments to be
employed by them, “as by fire, by frost, by menstruums, by mixtures,
by digestions, putrefactions, fermentations, and petrifactions, by
grindings, brusings, weighings and measuring, pressing and con-
densing, dilating and expanding, dissecting, separating and dividing,
sifting and streining ; by viewing with glasses and microscopes,
smelling, tasting, feeling, and various other ways of torturing and
wracking of natural bodies, to find out the truth or the real effect,
as it is in its constitution and state of being.” ¢ Discourse of
Earthquakes,” Posthumous Works, p. 279.
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had evidently been rounded and accumulated by
moving water.

The discussion received a fresh impetus from the
abundance and variety of the organic remains in the
blocks of stone brought for the repair of the Citadel
of San Felice at Verona, in the year 1517. In the
midst of the keen discussion that arose over these
fossils, the learned men of the country were con-
sulted, including Fracastoro (1483-1553) who after
being Professor of Philosophy at Padua had returned
to his native city, Verona, to practice there as a
physician. When wvarious theories had been pro-
pounded, he announced his own opinion that the
shells could never have been left by the Mosaic
deluge, which he maintained had only been a tem-
porary inundation, caused by heavy rains, and would
have scattered the shells over the surface of the
ground, instead of burying them deep within the
strata that form the mountains whence the stones
had been quarried. He showed the absurdity of
attributing such organised forms to any imaginary
plastic force, and insisted that the fossils were
undoubtedly at one time animals that lived and
multiplied where their remains are now found, and
therefore that the mountains have been successively
uplifted above the sea.

Cardano (1552) pointed to fossil shells as certain

1 G. Brocchi, Conchologia Fossile Subapennina, Vol. 1., “ Discorso sui
Progressi dello studio della Conchologia Fossile in Italia,” p. v. This
essay contains a valuable summary of the progress of the science of
fossil shells in Italy from the year 1300 down to 1810, The work
in two quarto volumes was published in 1814.
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evidence that the sea once covered the sites of the
hills. His contemporary, Mattioli, on the other
hand, supported the old figment of the materia
pinguis, though admitting that porous bodies, such
as the bones and shells so abundant in Italy, might
be turned into stone by being permeated by a petrify-
ing juice. He is said to have been the first writer
who published a reference to the fossil fishes of Monte
Bolca. The skilful anatomist Falloppio (155%7), when
he met with bones of elephants, teeth of sharks, shells
and other fossils, refused to admit them to be any-
thing but earthy concretions, because he deemed that
to be a simpler solution of the problem than to
suppose that the waters of the Deluge could have
reached as far as Italy. Aristotle had decided against
any universal flood, and the authority of this philo-
sopher was then about as potent as that of Holy
Writ. So much did Falloppio lie under the influ-
ence of this prejudice, that he thought it not unlikely
that the potsherds of Monte Testaceo at Rome
were in like manner natural productions of the
earth.

An important mineral collection, containing many
fossil shells, which had been gathered together in
the Vatican by Pope Sixtus V., was described and
excellently figured by Mercati (1574) who, however,
with all these well preserved organisms under his
eyes, denied their true organic nature, and came to
the conclusion that they were mere stones that had
assumed their present shapes under the influence of
the celestial bodies. It is worthy of notice that
another collection of natural history objects which,
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in the latter half of the same century had been
formed at Verona, was described by Olivi (1584) who
regarded the fossil organisms as mere sports of Nature.
Cesalpino (1566) who had distinguished himself as
a botanist, turned in his later years to mineral studies,
and wrote a volume De Metallicis, which may still
be usefully consulted for information on the stones
and ores of Italy. He recalled attention to the true
doctrine regarding fossil shells, which he looked
upon as organisms that had been left by the retir-
ing sea, and had been turned into stone by the
petrifying influence of the surrounding rock. Majoli
suggested that fossil shells on the land had been
ejected from the sea-floor by submarine volcanic ex-
plosions.

In the crowd of Italian writers who took part in this
long controversy, by far the most illustrious was Nicolas
Steno (1631-1687). Born in Copenhagen, he studied
medicine and took his degree there, afterwards passing
to Leyden and then to Paris, where he remained two
years, attaining great distinction by his discoveries in
human anatomy. He next travelled through Austria
and Hungary, and eventually settled in Florence where,
at the age of thirty-six, he was appointed physician
to the Grand Duke Ferdinand II. Not long there-
after, reflecting on the arguments which had been
put before him by Bossuet in Paris, he abjured the
Lutheran protestantism in which he had grown up, and
became a member of the church of Rome. His
European reputation led to repeated invitations being
sent to him from King Christian V. of Denmark to
accept the Chair of Anatomy in Copenhagen. To
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these solicitations he at last yielded, but although he
had full authority to exercise the rites of Roman
Catholicism, he now encountered so many unpleasant-
nesses in the Protestant community of his native city
that he finally quitted his fatherland, and returned to
Florence, where he was entrusted with the education
of the son of the Grand Duke Cosmo III. Gradually
becoming entirely devoted to a religious life, he took
orders and in 1677 was named Bishop of Heliopolis
and Vicar Apostolic in the north of Europe. He
thereafter employed his leisure in composing a series of
theological works. But it is upon the value of his
anatomical and geological writings that his fame mainly
rests. In 1667, soon after first settling in Florence, he
published the anatomy of the head of a dog-fish and
discussed the question whether the ¢ glossopetrae,”
or sharks’ teeth, found in the rocks, belonged to such
fishes, or were mere mineral concretions, produced by
some process within the stone in which they lie.
Though he inclined to believe them to be truly of
organic origin, his statements were made with so much
timid reservation as to show how cautious even the
acutest intellects were constrained to be in touching
on any subject likely to rouse the orthodox prejudices
of the age. Two years afterwards, however, having
meanwhile enlarged his acquaintance with the rocks
and fossils of Northern Italy, he proclaimed with
frank boldness his conviction that the fossils were
once living things, and that they and the strata con-
taining them revealed a record of part of the history
of the earth.

In 1669 there appeared in Florence his treatise
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De Solido intra soliaum naturaiiter contento, which must
be regarded as one of the landmarks in the history
of geological investigation. It was meant to be intro-
ductory to a fuller work on the same subject, but
this expansion was never written. The following digest
of the contents of the treatise will show how far Steno
had advanced beyond any of his predecessors or con-
temporaries, and how modern and familiar some of
his original views now appear.

The strata of the earth are such as would be laid
down in the form of sediment from turbid water.
The objects enclosed in them, which in every respect
resemble plants and animals, were produced exactly
in the same way as living plants and animals are pro-
duced now. Where any bed encloses either fragments
of another, and therefore older, bed, or the remains
of plants or animals, it cannot be as old as the time of
the Creation. If any marine production is found in
any of these strata, it proves that at one time the sea
has been present there ; while, if the enclosed remains
are those terrestrial plants or animals, we may suspect
the sediment to have been laid down on land by some
river or torrent.

Similarity of composition in a series of strata proves
that the fluid from which the sediment was deposited
continued to be unaffected by other fluids coming from
other directions at different times : on the other hand,
a diversity in the character of the strata points either to
a commingling of different kinds of fluids, bearing
divers sediments, and caused perhaps by violent winds
and rains, or to a diversity in the composition of the
sediment, of which the heavier materials would first
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sink to the bottom. The presence of coals, ashes,
pumice, bitumen or burnt substances shows the former
neighbourhood of some subterranean fire.

Steno established by direct observation some im-
portant axioms in stratigraphy. Every stratum, he
said, has been laid down upon a solid subjacent surface.
The lowermost strata must have become firm before
the uppermost were deposited. A stratum must
originally have terminated laterally against a solid body,
or else must have extended over the whole earth, so
that when the truncated ends or edges of strata are
exposed, we must either seek for evidence of their
former prolongation, or for the solid surface against
which they ended and which kept their materials from
slipping down.! As each bed at the time of its for-
mation was covered only with fluid, when the lowest
member of a series was laid down none of those
above it had yet been deposited.

The bottom of a series of strata necessarily conforms
to the irregularities of the surface on which it has been
deposited, but the upper surface, where the rocks are in
their original position, is parallel to the horizon or
nearly so. Hence all strata save the lowermost lie
between two plains approximately parallel with the
horizon. We must, therefore, conclude that strata
which are now vertical or inclined to the horizon were
originally nearly or quite horizontal.

That the edges or sides of the strata are laid bare

1S8teno had not realised the really lenticular character of all
sedimentary strata. But his conclusion that the truncated ends of
strata on a cliffface point to the former continuation of the strata
beyond their present termination, is now a commonplace in geology.
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in so many places, is to be ascribed to the operation
of running water which dissolves and transports earthy
substances to lower levels, and also to the action of
fire in dissipating solid bodies, and ejecting them above
ground. Thus precipices and channels are produced
on the surface of the earth, and caverns and tunnels
underneath. The strata are sometimes disrupted by
the sudden rise of subterranean exhalations ; at other
times they are broken up by the falling in of the
roofs of cavernous spaces inside the earth. Hence
they are thrown into a great variety of different
positions, being sometimes vertical, more often in-
clined at various angles, occasionally even bent into
arches.

This alteration in the original position of strata is
the real cause of the inequalities of the earth’s surface,
such as mountains and plains. Some mountains have
also been produced by the outburst of fires from inside
the earth, whereby ashes and stones, together with
sulphur and bituminous substances, have been cast
forth. It is easy to perceive that all our mountains
have not been in existence since the beginning of
things.

Steno then proceeds to show that by the disruption
of the strata, outlets have been provided for the
escape of materials from inside the earth. Chief among
these are the springs of water that issue from the
hills. The cracks, fissures and cavities of the strata
have served as receptacles for most minerals, whether
introduced by vapours or otherwise. The question
of the origin of rock-crystal gives the author occasion
to discourse on the crystallography of this mineral,
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and on the conditions in which crystalline substances
and ores have been produced within the earth.
Among the solids naturally enclosed within other
solids, Steno includes, as specially deserving of con-
sideration, fossil shells. His anatomical experience
enables him to declare with confidence that even if
no living marine shells had ever been seen, the
internal structure of the fossils demonstrates that they
once formed parts of living animals. He shows that
the fossils vary in character according to the extent
to which they have been petrified, some still retaining
their original composition and internal structures, others
having become entirely crystalline, as in those enclosed
in marble. He points out further that over and above
the predominant testaceous fossils, remains of many
other marine animals have been preserved in the strata,
such as teeth and vertebrae of dog-fishes, and all kinds
of fish-skeletons, while other strata have furnished the
skulls, horns, teeth and bones of land animals.! Against
those who found an insuperable difficulty in granting
the length of time required for all the vicissitudes
indicated by the strata and their fossils, Steno argues
that many of the organic remains found in the rocks
must be as old as the general Deluge, and he proceeds
to present a summary of what he conceives to have
11t is curious to observe that Steno, while he recognised that teeth
and bones exhumed from the Agro Aretino were those of elephants,
did not realise that they too must be regarded as of prehistoric age.
He supposed them to be relics of the African elephants brought into
Italy by Hannibal. Brocchi has pointed out that after the battle of

the Trebbia the thirty-seven elephants which the Carthaginian general
had by the side of the Rhone were reduced to one single animal.

0p. cit. p. xv.
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been the geological history of Tuscany. In this sum-
mary he illustrates the structure of the country by a
series of diagrams which show.how clearly he had
grasped some of the fundamental principles of strati-
graphy. He recognises evidence of six distinct chrono-
logical phases, and is inclined to believe that the same
sequence will be found all over the earth. In the first
phase, the region was entirely submerged under the
sea, from which were deposited the strata containing
no remains of plant or animal life. In the second
phase, the land appeared as a dry plain, raised out
of the sea. In the third, the face of the earth was
broken up into mountains, crags and hills. In the
fourth, the land was once more submerged, perhaps
owing to a change in the centre of the earth’s gravity.
In the fifth, the land reappeared and displayed wide
plains, formed apparently from the sediments carried
off from the land by the large rivers and by the
innumerable torrents which every day are extending
the shores and leaving new lands to be occupied by
fresh inhabitants. In the sixth and last phase, the
elevated plains were eroded by running water and
partly also by the co-operation of subterranean fire, so
as to be altered into channels, valleys and precipices.

Steno’s treatise stands out far above all the writings
of his own or of previous generations in respect to the
minuteness and accuracy of his observations of Nature
and the originality and truth of most of the deductions
which he drew from them. He was the first clearly to
perceive that the strata of the earth’s crust contain the
records of a chronological sequence of events, and that
the history of the earth must be deciphered from them.
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He laid down for the first time some of the funda-
mental principles of stratigraphy. He recognised the
predominant influence of running water in carving out
the inequalities on the surface of the land. It is
true that he had no clearer notions than had obtained
for so many centuries regarding the true nature of
volcanic action, which he still regarded as due to the
subterranean combustion of carbonaceous substances.
He was hampered too by the prevailing theological
doctrine that the earth could not be more than some
6000 years old, and that the fossiliferous strata had
been mainly deposited during or since Noah’s Deluge.
But his name must be enrolled high in the list of
those who by careful observation and deduction helped
to lay the foundations of modern geology.

Another illustrious observer in the geological domain
appeared in Italy when Steno, in his twenty-fifth year,
was rapidly rising into fame as an anatomist. Antonio
Vallisneri (1661-1730) became professor of medicine
in Padua. In the course of his journeys he had
opportunities of seeing much of the geology of his
native country and of forming a clearer conception
of the fossiliferous formations of the great central
mountain-chain than anyone had done before him.
He looked upon the shells in the rocks as remains
of mollusks that once undoubtedly lived in the sea.
In criticising the cosmological hypothesis of Wood-
ward (to be afterwards alluded to), he showed how the
Italian marine formations extend not only throughout
the peninsula but over a large part of Europe, and he
inferred that there was a time when the sea covered
the whole surface of the globe. He believed that it
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must have remained in that position for a long period,
and that its effects were altogether distinct from those
of the temporary Deluge of Noah. He wrote on the
origin of springs, maintaining that they do not come
from the sea, through subterranean passages in which
they lose the saline constituents of sea-water—a belief
that had survived from antiquity and was still de-
fended as resting on scriptural evidence. He connected
springs with the structure of the rocks through which
they rise.!

To one other notable Italian writer, who appeared
in the first half of the eighteenth century, reference
may here be made. Anton-Lazzaro Moro (1687-1740)
wrote a treatise De’ Crostacei e degli altri marini Corpi
che si truovano su Monti (Venice, 1740). The
grotesque speculations of Burnet and Woodward,
which will be more particularly referred to on a later
page, had already appeared in England and had found
their way into the Continent. A large part of Moro’s
work is devoted to a destructive criticism of the
cosmogonies of these authors. He then proceeds to
discuss the possibility of explaining the position of
fossil shells in the mountains by reference to the
Noachian Deluge, and he dismisses this supposition as
untenable. He next inquires in what manner the
phenomenon can be explained from actual observa-
tions of natural processes. After giving an account
of the uprise of a new volcanic island in the Greek
Archipelago in the year 1707, of the appearance of
Monte Nuovo near Naples in 1538, and of the

1 Vallisneri’s treatise Dei Corpi marini che sui monti si trovano was
published at Venice in 1721, when its author was sixty years of age.
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recorded eruptions of Vesuvius and Etna, and starting
with the proposition that the fossil shells are really
productions of the sea, he proceeds to unfold his
theory that the position of these shells, and the origin
of the rocks that enclose them, are to be assigned to
the operation of volcanic action.

In the beginning, he says, the globe was completely
covered with water, which was then fresh and perhaps
not more than 175 perches in depth. No prominences
diversified the smooth stony surface of the globe
which underlay the water. On the third day of
creation, however, when it pleased the Almighty to
reveal the solid earth, vast subterranean fires were
kindled, whereby the surface of stone was broken up,
and huge masses of it began to appear above the
water, so as to form the land and mountains. These
disrupted masses, while rising or after they had risen,
and in some cases even before they appeared above
the water, were rent open by the violence of the
subterranean fires, and they discharged from their
orifices vast quantities of material, such as earth, sand,
clay, stones both solid and liquid, metals, sulphur,
salts, bitumen and every kind of mineral substance.
Part of this material flowed in river-like streams
down the sides of the mountains into the water
below, part fell in showers from the air into which
the ejected detritus had been hurled by the impetuosity
of the fire. The saline and bituminous ingredients
now began to give to the water the salt and bitter
taste which the sea has retained ever since, while the
other insoluble substances formed a new bottom above
the original stony surface.
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As the mountains increased in number by the out-
burst of new vents and continued to cast forth loose
materials, they gradually piled up on the sea-floor
many various strata which, especially near the eruptive
centres, eventually rose above the surface of the water.
The sea grew deeper or its surface rose higher, the
more 1its area was diminished. Fires also afterwards
burst out from below the submarine strata, and con-
tinued to eject fresh materials which formed new
strata that extended beyond those of earlier date.
New islands were formed, or were added to older
islands or to the continents.

As yet no plants or animals existed. But while the
water continued to grow more saline, plants began at
last to appear both in the sea and on land. Animals
too entered upon the scene, first in the sea, living in
the soft sand and among the debris cast out by the
mountains, and seldom wandering far from their
native places. The dry land became covered with
verdure and gave birth to terrestrial animals, finally
followed by the advent of man, who then took his
place as an inhabitant of this first and most ancient
land-surface.

In course of time, the same sequence of events
continuing, new mountains emerged from the bosom
of the earth, and like their predecessors vomited forth
fresh materials which were once more spread out over
the floor of the sea and the surface of the land. The
strata that were thus deposited in the sea would con-
tain marine productions, while those formed on the
land would preserve terrestrial remains, including
articles in metal, marble or carved wood as relics of
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a human population. Some of these land-surfaces,
remaining long exposed to the open-air, were covered
with new strata, which when they differed in composi-
tion from those buried below them, would produce
plants and animals distinct from any of those which
had previously existed on the same sites. And since
the newer strata were not all laid down universally and
at the same time, but successively during the course
of centuries and at different seasons of the year, seeds
and fruits in mature and immature condition would
be entombed, as may be illustrated by many examples
that have actually been obtained from excavations in
which, at different levels, old soils represent inhabited
and cultivated surfaces of land.

Moro had to take care that his cosmogony did not
contradict but only supplemented the orthodox read-
ing of the first Chapter of the Book of Genesis. That
he succeeded in this aim is indicated by the imprimatur
at the end of his treatise, wherein the reformers of
studies testify that the book contains nothing contrary
to the Holy Catholic Faith, nor anything adverse to
Princes or to morals. Though he declined to adopt
the popular notion that the stratified rocks had been
formed during Noah’s Flood, he still felt bound to
account for their deposition within the orthodox limits
of time. Public attention had been called to the
rapid accumulation of materials around active volcanic
vents, and Moro, availing himself of the original
suggestion of Majoli, boldly claimed that all the
stratified rocks which form the mountains consist of
materials successively erupted by volcanoes. He does
not seem to have ever studied the nature of true



http://www.geology.19thcenturyscience.org/books/1905-Geikie-FoundersGeol/README.htm

Rise of the Cosmogonists 65

volcanic products, nor to have been familiar with the
characteristic features of the limestones and other cal-
careous strata in which so large a proportion of fossil
organic remains is preserved. He added little to the
more luminous conceptions of Steno and Vallisneri.
But his influence was not inconsiderable in rousing
interest in the themes of which he treated. Nine
years after his book appeared, the Carmelite friar
Generelli, published an exposition of Moro’s views,
which he placed in a clearer light than his master
had done.

The progress of geological inquiry in Europe during
the seventeenth century was marked by a character-
istic feature—the development of a series of cosmo-
gonical systems, in which the only common basis of
speculation was the effort to account for the origin
of our globe and of our universe, in harmony with
the teaching of the Church. Science had not advanced
far enough to afford any firm basis for speculations of
this nature, and consequently the lack of data was in
too many cases supplied by wholly imaginary pictures
of the history of creation. The systems of cosmo-
gony thus framed, though some of them attained
considerable fame in their day, obstructed the pro-
gress of inquiry, inasmuch as they diverted attention
from the observation of Nature into barren contro-
versy about speculations. In vain did those who
had mastered some of the elementary truths about
the crust of the earth, oppose and even ridicule
these fanciful systems. The cosmogonists were not
disconcerted when phenomena were appealed to that
contradicted their theories, for they usually never
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saw such phenomena, and when they did, they easily
explained them away. Some of these writers were
divines, yet even when they were laymen they felt
themselves, down to the middle of the eighteenth
century, bound to suit their speculations to the re-
ceived interpretation of the books of Moses. Looking
back from our present vantage ground, it is difficult
to realise that even the little which had been ascer-
tained about the structure of the earth was not
sufficient to prevent some, at least, of the monstrous
doctrines of these theorists from being promulgated.
It was a long time before men came to understand
that any true theory of the earth must rest upon
evidence furnished by the globe itself, and that no
such theory could properly be framed until a large
body of evidence had been gathered together.
Nowhere did speculation run so completely riot as
in England with regard to theories of the origin and
structure of our globe. This craze reached its height
during the latter part of the seventeenth century. In
1681 Thomas Burnet published in Latin his Sacred
Theory of the Earth. This work, republished in Eng-
lish, and favoured with the patronage of Charles II.,
enjoyed a wide popularity and made some impres-
sion even on the Continent. It discoursed of the
original structure of our planet, and of the changes
which it was destined to undergo until * the consum-
mation of all things.” As its title denotes, the book
was meant to support orthodox religion. With this
view, the Deluge was taken as one of the great events
in the history of the planet. Previous to that time, it
was asserted, there had been perpetual spring upon the
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earth, but the wickedness of mankind led to a cata-
strophe in which the sun’s rays split open the crust
of the earth, and allowed the central abyss of waters
to burst forth and overwhelm the inhabited lands.
William Whiston in his New Theory of the Earth
(1696) propounded almost more extravagant specula-
tions. He supposed that at the time of the Creation
the earth did not rotate on its axis, but that after the
Fall of Man it began to do so. When the years
had passed until the time of Noah, a comet on 18th
November B.c. 2349 sent its tail over the equator,
and caused a gigantic downpour of rain, while at the
same time the internal abyss of waters broke forth
and inundated the land. It was from the chaotic
sediment of the flood” that the various stratified
formations of the earth’s crust were deposited.
Another English writer who attributed similar
important effects to the Deluge was John Woodward,
familiarly remembered by the bequest of his collection
of specimens to the University of Cambridge, and by
the Professorship of Geology there which perpetuates
his name. He had an intimate acquaintance with the
stratified formations of a large part of England and with
their characteristic fossils. While firmly convinced that
these fossils were really the remains of once living
plants and animals, he could not free himself from
the incubus of the prevailing theological prejudice.
In his Essay towards a Natural History of the Earth
(1695) he ranged himself with those who maintained
that the shells in the rocks were relics of Noah’s Flood.
He held a common belief of his day that the interior
of the earth was once full of water, which at the time
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of that calamity, when the fountains of the great
deep were broken up, burst forth and swept over the
face of the globe. The disrupted and disintegrated
crust was mingled with the diluvial waters, from which
the sediments ultimately settled down on the bottom
in the order of their gravity. By a curious perversity
of judgment, Woodward persuaded himself that the
fossils had followed the same rule and that the heaviest
were found in the lowest strata, the lightest in the
uppermost—a statement afterwards sharply criticised
by Ray.

Woodward’s most important contribution to science
is his catalogue of the fossils which in the course of
long years he had collected in England, and which
now form an interesting portion of the Sedgwick
Museum at Cambridge. It is entitled “ An attempt
towards a Natural History of the Fossils of England
etc., or a Catalogue of English Fossils” in the collection
of J. Woodward M.D. 2 vols 1728-29.

Of a totally different stamp from the cosmogonists
above mentioned was the mathematician and natural
philosopher Robert Hooke (1635-1703), one of the
most brilliant, ingenious, and versatile intellects of
the seventeenth century. Among the many subjects
to which he directed his attention and on which his
remarkable powers of acute observation and sagacious
reflection enabled him to cast light, some of the more
important problems of geology must be numbered.
As “Curator of Experiments” to the Royal Society,
and as one of the most active members of that body,
he had frequent opportunities of discoursing on the
topics which engaged his thoughts. From time to
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time he lectured on what would now be called physical
geography and geology. Such lectures as remained
in manuscript after his death were collected and
published in a folio volume of posthumous works
(London, 1705). The largest section of this book
consists of ¢ Lectures and Discourses of Earthquakes
and Subterraneous Eruptions, explicating the Causes
of the Rugged and Uneven Face of the Earth; and
what Reasons may be given for the frequent finding
of Shells and other Sea and Land Petrified Substances
scattered over the whole Terrestrial Superficies.”’
Beginning with an account of *figured stones”
or organic remains imbedded in rocks, illustrated with
well-drawn figures of fossils, Hooke discusses the
difficulties met with in explaining the nature and origin
of these objects, and proves in a series of propositions
that the fossils are either the organisms themselves
turned into stone, or the impressions left by them ;2
that a great part of the surface of the earth has been
transformed since the Creation, sea being turned into

1 Though the volume did not appear until after the author’s death,
the first discourse seems to have been given in 1668,

2The truly organic nature of the fossils is the subject of a
careful demonstration by Hooke, in the course of which he
remarks  that it is contrary to all the other acts of Nature, that
does nothing in vain, but always aims at an end, to make two
bodies exactly of the same substance and figure, and one of them
to be wholly useless, or at least without any design that we
can with any plausibility imagine.” The fossils “if they were
not the shells of fishes, will be nothing but the sportings of
Nature, as some do finely fancy, or the effects of Nature idely
mocking herself, which seems contrary to her gravity.” Posthumous
Works, p. 318.
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land, land into sea, mountains into plains and plains
into mountains ; that most places where fossil plants
or animals have been found have lain under water,
«“ either by the departing of the water to another part
or side of the earth, by the alteration of the centre of
gravity of the whole bulk, which is not impossible ;'
or rather by the eruption of some kind of subterraneous
fires, or earthquakes whereby great quantities of earth
have then been raised above the former level of those
parts” ; that not improbably the tops of the highest
mountains in the world have been under water, these
elevations of the land having most probably been
the effects of some very great earthquake ; that the
greatest part of the inequalities of the earth’s surface
may have been caused by ‘the subversion and
tumbling thereof by some preceding earthquakes ™ ;
that * there have been many other species of creatures
in former ages, of which we can find none at present ;
and that ’tis not unlikely also but that there may be

1The possible change of the earth’s centre of gravity is fully
discussed by Hooke in several discourses. A passage in which the
idea is expressed gives a vivid picture of the philosopher’s prescient
outlook in terrestrial physics. He conceives that a very great earth-
quake (using that word for any kind of displacement of the
terrestrial crust) might not impossibly alter the centre of gravity
and also the axis of rotation. He thinks that the diurnal rotation
and annual revolution of the globe may once have been made in
a much shorter time than now, so that a day and a year at the
beginning of the world would not have been so long as now
when these motions have become slower. He further suggests
that “the fluid medium in which the earth moves, may after a
thousand revolutions, a little retard and slaken that motion, and
if so, then a longer space of time will pass while it makes its
revolution now than it did at first.” Op. cir. p. 322.
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diverse new kinds now, which have not been from
the beginning.”

With regard to the inequalities of the earth’s surface,
Hooke enters fully into the effects of the earthquakes
by which he thinks they have been produced. Some
earthquakes raise the earth’s surface, either by
upheaval or by piling up “a great access of new
earth” ; others depress the surface : those of a third
type disrupt and subvert parts of the earth; while
by a fourth class liquefactions, vitrifications, calcina-
tions, sublimations and other effects are produced.
He shows how universal is this active principle of
terrestrial change, no country in the whole world
having escaped being shaken sometime or other by
earthquakes.

Having demonstrated from organic remains that
the dry land must have lain for some time under
water, Hooke argues that this water could not have
been the Flood of Noah, which did not continue
long enough “for the production and perfection of so
many and so great and full-grown shells ; besides, the
quantity and thickness of the beds of sand with which
they are many times found mixed, do argue that
there must needs be a much longer time of- the sea’s
residence above the same, than so short a space can
afford.”? The large size of some of the shells as
well as their resemblance in form to some of those
found in tropical seas leads him to ask whether it is
impossible that the South of England, where these
shells are found, may for some ages past have lain
within the Torrid Zone. Thus fossil organic remains

'p. 341
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were in Hooke’s eyes not mere curiosities, but valuable
records of the past history of the earth. “I do
humbly conceive,” he remarks, «(tho’ some possibly
may think there is too much notice taken of such a
trivial thing as a rotten shell, yet) that men do
generally too much slight and pass over without
regard these records of antiquity which Nature have
left as monuments and hieroglyphick characters of pre-
ceding transactions in the like duration or transactions
of the body of the Earth, which are infinitely more
evident and certain tokens than anything of antiquity
that can be fetched out of coins or medals, or any
other way yet known, since the best of those ways
may be counterfeited or made by art and design, as
may also books, manuscripts and inscriptions, as all
the learned are now sufficiently satisfied, has often
been actually practised ; but those characters [fossil
shells] are not to be counterfeited by all the craft in
the world, nor can they be doubted to be, what they
appear, by any one that will impartially examine the
true appearances of them: And tho’ it must be
granted that it is very difficult to read them and
to raise a chromology out of them, and to state the
intervalls of the times, wherein such or such cata-
strophies and mutations have happened ; yet ’tis not
impossible, but that much may be done even in that
part of information also.”!

Hooke does not appear to have formed any very
clear ideas either as to the causes of earthquakes or
the nature of volcanic action. He connects the two
classes of phenomena together, and in various places

1p. 411,
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alludes to them as effects of ‘‘ the general congregation
of sulphureous, subterraneous vapours.” He thinks
that the observed greater frequency of earthquakes
and volcanoes on islands and sea-coasts may possibly
be due to ¢ the saline quality of the sea-water which
may conduce to the producing of the subterraneous
fermentation with the sulphureous minerals there
placed.” ¢ These fermentations subjacent to the sea,
being brought to a head of ripeness, may take fire,
and so have force enough to raise a sufficient quantity
of the earth above it to make its way through the
sea, and there make itself a vent.” ¢ The foment or
materials that serve to produce and effect conflagra-
tions, eruptions or earthquakes, I conceive to be
somewhat analogous to the materials of gunpouder.”’
This philosopher had therefore advanced no further,
in regard to the hypogene agents in geology, than the
writers of antiquity and of the middle ages.

How far the ideas imposed by the prevailing
theological beliefs of the period could influence even
a man of eminent scientific ability i1s perhaps most
fully illustrated in the case of John Ray (1627-1705),
the ablest botanist and zoologist of his day, to whom
science has been indebted for some masterly contribu-
tions to its progress. With his wide sympathies for
Nature, he could hardly avoid entering the geological
field, and as he was a loyal and devoted member of
the Church of England, he could scarcely escape from
carrying with him more or less of the ecclesiastical
prejudices of his time. Where these prejudices were
not involved he could see things as they are, and draw

1ppe 421, 4244
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the natural inferences to which they lead. Thus he
entered fully and sagaciously into the theory of
springs, quoting his own experience at his country
home, and showing conclusively, in opposition to
Hooke, that it is not by dews condensed on the
mountains but by the water supplied by rain that
springs are fed. He watched, too, the effects of
running water, especially the manifest action of ‘rains
continually washing down and carrying away earth
from the mountains,” and the destruction of the
shores by the perpetual working of the sea, and he
believed that in the end, by the combination of these
processes, the whole dry land might possibly be re-
duced below the sea-level.!

When Ray came to discuss “formed stones,” or
“sea-shells and other marine bodies found at great
distances from the shores,” he was obviously no longer
free to do so untrammelled as to what conclusions
he might draw from them. He caustically criticises
Woodward’s diluvial theory, remarking that he sus-
pected that author to have invented part of his theory
to solve supposed facts which are not generally true.
But though he had ‘spent many thoughts” on this
subject, he confesses that he could not fully satisfy
himself as to the nature and real origin of the
“formed stones.” He balances the arguments for
and against their truly organic origin, seeming at one
moment to agree with those who regarded them as

Y Miscellancous Discourses concerning the Dissolution and Changes of the
World, by John Ray, Fellow of the Royal Society, London, 1692,
PP 44-56, and Three Physico-Theological Discourses, 4th Edit., 1721,

PP. 89-114, 245.
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“originally formed in the places where they are now
found by a spermatic principle,” and yet unable to
resist the evidence that these bodies owe their
original to the sea, and were sometimes the shells or
bones of fishes.”

As regards hypogene phenomena Ray made no
advance. Thus he says : “ That the cause of earth-
quakes is the same with that of thunder, I doubt
not, and most learned men are agreed ; that is,
exhalations or steams set on fire, the one in the
clouds, the other in the caverns of the earth.”?
Volcanoes are regarded by him as connected with
earthquakes and due to the heating of ¢steams or
damps” within subterranean caverns ‘“by a collucta-
tion of parts,” whereby combustible materials in the
hollows of the mountains are set on fire and the
metals and minerals are melted down, while if water
enters these caverns it mightily increaseth the raging
of the mountain, for the fire by the help thereof
throws up earth and stones, and whatever it meets
with.”2 Yet Ray, while he *utterly disallowed and
rejected ” Descartes’ theory of the origin of the earth,
was not unwilling to admit the existence of a central
fire, more especially as it would presumably support
the references to Hell in the Bible. But he does not
appear to have ever thought of connecting this pos-
sible central fire with the operations of active volcanoes.

That Ray, in spite of his instinct as a naturalist
and keen observer, should have been shaken in his
opinion that the fossils in the rocks are the remains
of once living things, can hardly surprise us when we

1 Three Physico-Theological Discourses, p. 258. 2p, 268.
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remember that the two men who in all England had
the most extensive acquaintance with fossils refused
to admit them to be of organic origin. Martin
Lister (1638-1712), an active and able fellow of the
Royal Society, published a remarkable history of all
the shells then known, with accurate plates, which
included not only the living species but many fossil
forms placed with them for comparison. Yet strange
to say, he stoutly refused to believe that the fossils
had ever belonged to living creatures. ¢ For our
English inland quarries,” he said, 1 am apt to think
there is no such matter as petrifying of shells in
the business ; but that these cockle-like stones are
everywhere as they are at present, lapides sui generis,
and never were any part of an animal,” that they
“ have no parts of a different texture from the rock
or quarry whence they are taken, that is, that there
is no such thing as ske// in these resemblances of
shells.” He admitted that some of the fossils are
like Murices, or Tellinae or Turbines, etc., yet he had
never met with any one of them on any English
sea-shore or fresh-water ; whence he concluded ¢“that
they were not cast in any animal-mold, whose species
or race is yet to be found in being at this day.”
Having made up his mind with the evidence fully
before him, it was only natural that, as Woodward
tells us, “he bravely continued to the last firm and
unshaken in his opinions.”

Lister made the ingenious suggestion that volcanic
eruptions may be due to the subterranean decomposi-
tion of iron-pyrites. Even among those who from

1 Phil. Trans. vol. v. (1671), p. 228a.
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time immemorial had regarded volcanic action as
arising from the combustion of inflammable materials
in the crust of the earth, much difficulty and divergence
of opinion existed respecting the active cause that
set these materials on fire. Lister’s suggestion had
the merit of being a wvera causa, from which un-
doubtedly the spontaneous combustion of carbonaceous
strata has often arisen.

To geologists perhaps not the least memorable of
Lister’s contributions to the progress of science was
a proposal made by him for the first time for the
construction of what we now call geological maps.
This subject will be more particularly referred to in
Chapter XIV.

Robert Plot in his Natural History of Oxfordshire
(1677) described Nature’s “extravagancies and defects,
occasioned either by the exuberance of matter or
obstinacy of impediments, as in monsters ; and then
lastly as she is restrained, forced, fashioned or deter-
mined by artificial operations.” Though he gave a
map and sixteen beautifully engraved plates which
included representations of fossils, he stated seven
reasons for rejecting the idea that the fossils “owed
their form and figure to the shells of the fishes they
represent ” and for concluding that these objects or
“formed stones” must be regarded as /apides su
generis, naturally produced by some extraordinary plastic
virtue, latent in the earth, or quarries where they are
found.”?

With these writers may here be included the Celtic
scholar and antiquary, Edward Lhuyd (1660-1709) who

1 0p. cit. 2nd Edit. (1705), p. 112.
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published a Latin treatise in which he gave excellent
plates of a thousand fossils preserved in the Ash-
molean Museum, Oxford. He was a valued corre-
spondent of Ray, who quotes him as suggesting that
the fossils enclosed within rocks might possibly be
“partly owing to fish-spawn received into the chinks
of the earth in the water of the Deluge,” and as
speculating “whether the exhalations which are raised
out of the sea, and falling down in the rains, fogs,
etc., do water the earth, to the depth here required,
may not from the seminium or spawn of marine
animals, be so far impregnated with, as to the naked
eye invisible, animalcula (and also with separate or
distinct parts of them), as to produce these Marine
Bodies, which have so much excited our admiration,
and indeed bafled our reasoning, throughout the
globe of the earth.”?

1 Ray, Three Physico-Theological Discourses (1721) p. 190. In the
long letter from which these sentences are taken Lhuyd brings

forward a2 number of shrewd arguments against ascribing fossil
shells and plants to Noah’s Flood.
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CHAPTER III

Scientiric Cosmogonists—Descartes, Leibnitz. Speculations of De
Maillet and Buffon. Early illustrated works on fossil plants and
animals—Lang, Scheuchzer, Knorr, Walch, Beringer.

FroM the middle of the seventeenth to the middle of
the eighteenth century there appeared at intervals on
the Continent a series of cosmogonists of a very dif-
ferent stamp from those alluded to in the last chapter.
They were men who took a broad view of the world
and endeavoured to trace its origin and progress in the
light of what was then known of the laws of Nature.
The earliest of these illustrious writers was the dis-
tinguished philosopher Descartes (1596-1650) who,
in his Philosophiae Principia, published in 1644, gave
an exposition of what he conceived to have been
the origin and history of our globe. He supposed
the various planetary bodies to have been originally
glowing masses like our sun. The earth in his view
consists of three distinct regions. In its centre lies
a nucleus consisting of incandescent self-luminous
matter, like that of the sun. The middle zone is
composed of an opaque solid substance which was at
first very liquid. The outer region, comprising all the
materials of which we have actual cognisance, consists
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of the debris of the clouds or spots which, like those
of the sun, gathered on the surface of the globe while
still an intensely hot body. These spots were no
doubt again and again melted down as they formed,
until the whole globe had cooled sufficiently to allow
them to aggregate into a solid external crust. The
outer region of the planet, as the earth drew towards
the sun, separated into different portions that arranged
themselves one above another, according to their relative
densities, the atmosphere being uppermost, then the
water, while below these the more solid matter took
the form of an outer layer of stone, clay, sand and
mud, and an inner more solid and heavy layer whence
all the metals come. Descartes supposed that the heat
and light of the sun could penetrate into the innermost
parts of the earth and there, during day and summer,
in the early stages of the planet’s history, exerted so
potent an influence as to lead to the rupture of the
outer crust, of which some projecting portions rose
above the waters and formed land.

This philosopher further suggested that certain
exhalations from the inner parts of the earth turn into
oil, but when they are in a state of violent motion and
in that condition enter cavities or fissures which pre-
viously contained air, they pass into a heavy thick
smoke, like that of a newly extinguished candle.
When a spark of fire is excited in these places the whole
of the smoke bursts into flame, and becoming suddenly
rarefied presses with great violence against its con-
taining walls, especially when it includes a quantity
of volatile salts and spirits. Hence arise earthquakes.
It sometimes happens also that the flame which causes
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earthquakes breaks open the top of a mountain and
issues thence in great volume, hurling forth much earth
mingled with sulphur or bitumen. These mountains
may continue to burn for a long time, until all the
sulphur or bitumen is consumed. Descartes thought
that the subterranean fires might be kindled by the
spirits inflaming the exhalations, or by the fall of
masses of rock and the consequent sparks produced by
their friction or percussion.

Still more memorable than the cosmological specu-
lations of Descartes were those of the philosopher
Leibnitz (1646-1716), whose capacious mind embraced
every department of human knowledge, and whose
acute and original genius threw new light into each.
Among the subjects that engaged his thoughts was the
problem of the origin and early history of our globe,
regarding which he propounded views that have been
accepted by the physicists of our own day. A summary
of these opinions was first promulgated by him in a
communication to the Acta Eruditorum of Leipzig,
published in 1693, but the fuller statement contained
in his remarkable treatise, the Protogaea, did not appear
till 1749, thirty-three years after his death. Like
Descartes, he believed that our planet was once a
smooth incandescent molten globe, which has ever
since been cooling, contracting and becoming rugose
on the surfice. When the temperature of the outer
parts had sufficiently fallen, a glassy and slaggy crust
began to form on the outside, portions of which he
supposed to be recognisable in the primitive crystalline
rocks, such as granite and gneiss. Out of the vaporous
atmosphere, as the whole planet cooled, the water
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condensed into liquid form and made the ocean, which
by washing the debris of the crust, dissolved out the
soluble ingredients and became salt. As the thickness
of the crust increased, its solidification was accompanied
by the formation of immense cavities containing air
or water, the roofs of which, when they sank down,
would form valleys, while the other more solid parts
would rest like columns and give rise to mountains.
By the disruption of the crust, whether owing to its
weight or to gaseous explosions, vast inundations would
be produced which rushing over the face of the globe
would sweep a great amount of sediment together
and allow of the accumulation of sedimentary forma-
tions. Thus the face of the earth would be often
renovated until, as the various disturbing forces quieted
down and become more equable in their action, a
more stable condition of things (consistentior rerum
status) arose. In these reactions Leibnitz clearly re-
cognised the working of the two great classes of
geological causes, in the first place the internal
heated nucleus whence igneous rocks proceed, and in
the second place, the superficial waters whereby hollows
are eroded on the earth’s surface and sedimentary rocks
are formed.

As if he considered their obvious connection with
the internal fire a sufficient explanation of their occur-
rence, Leibnitz passes briefly over the subject of
earthquakes and volcanoes. Yet he seems still to
entertain the old notion that actual combustion takes
place as part of these subterranean disturbances, for
in alluding to the underground fires that feed vol-
canoes, he mentions the deposits of stone-coal and
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sulphurous materials, native sulphur, and springs of
naphtha, and remarks ‘it is not unreasonable to
believe that since the Deluge there have been partial
fires, the date of which is not known, but which
occurred at a time when combustible substances were
more plentifully distributed in the thickness of the
earth than they are now.”

A considerable part of the Protogaca is devoted to
a discussion of the evidence from organic remains
enclosed in the sedimentary formations. In showing
how perfectly and in what minute detail the struc-
ture of fishes and other organisms is reproduced in
these fossils, Leibnitz ridicules the absurdity of calling
them ¢ sports of Nature,” and points out how much
more willingly we should admit the operation of an
obvious and regular cause than a mere game of chance
or other fanciful suggestion, under which the conceited
ignorance of the learned had taken shelter. He insists
on discriminating between the polygonal forms of
crystals and the shapes of fossils, which had all been
classed as arising from the same plastic force, and he
complains of the facile credulity which could bring men
not only to confound these utterly distinct things, but
to believe that Nature could have manufactured within
the rocks historical and mythological pictures, such as
Apollo and the Muses in veins of agate, the pope and
Luther in the stone of Eisleben, and sun, moon and
stars in marble.

Leibnitz takes note of the astonishment expressed
by some writers that for many of the figured stones”
no analogies had been discovered in the living world of
to-day, or at least in the regions where these objects are
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found. He asks in reply whether any one had yet
explored the depths of the ocean, or how many animals,
hitherto unknown, remained still to be discovered in
the New World. «Is it not to be presumed,” he
enquires, “that in the great changes which the earth
has undergone a great many animal forms have been
transformed ?” After describing a number of instances
in which a succession of strata has been ascertained
to contain different platforms of organic remains, point-
ing to advances and retreats of the sea, he concludes his
treatise with these words: ¢ Thus Nature fills for us
the place of history ; while on the other hand, our
history pays back to Nature this service, that it takes
care that her illustrious works, so far as we have been
able to perceive them, shall not remain unknown to our
posterity.” !

We have now to notice the work of a writer of an
utterly different type from the two philosophers just
spoken of. Though hardly deserving to be regarded
as a man of science, Benoit de Maillet (1656-1738),
French diplomatist and traveller, was a keen and
shrewd observer of Nature, and his speculations were
not without their influence on the progress of geology.
In the course of his long life he saw much of the
countries bordering both sides of the Mediterranean
basin, and gathered together stores of information
regarding the physical aspect and historical changes
in the surface of these countries. Being led to
speculate on the probable origin and future fate of
this globe and its inhabitants, he arrived at conclu-
sions which were at least conspicuously unorthodox.

1 Protogaea, p. 86.
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In committing them to paper he ingeniously contrived
to put them into the mouth of an Indian philosopher,
but even with this precaution he did not venture to
publish them, and his treatise only saw the light at
Amsterdam in 1748, ten years after his death. It
bore the title of Telliamed [his own name spelt
backwards] ox Entretiens dun Philosophe Indien avec
un Missionaire Frangais.

The main purport of the book is to demonstrate
that this globe was once completely surrounded with
water, which has been gradually disappearing and will
continue to diminish, until the planet is desiccated
and is finally burnt up by the outbreak of volcanic
forces from within. We cannot doubt, so the author
believed, that this globe is the work of the sea and
has been formed in its bosom, in the same way that
similar formations are even now deposited in its
waters. All mountains consist of sand, mud or
other sedimentary materials, and have been formed
by the sea. The oldest and highest are composed
of a simple and uniform substance, in which few
or no traces of animal life have been preserved.
As the sea, in its subsidence, laid bare the summits
of these earliest mountains, the waves beat on their
sides, and the materials of new mountains were thus
obtained, in which organic remains became increas-
ingly abundant. That the various sediments should
be arranged one above another in successive strata,
is shown to be what might be expected from the
action of the sea along its coasts and over its
bottom at the present time. Emphasis is laid on
the prodigious abundance of marine fossils from
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below sea-level up to the mountain tops as proof
of the former submergence of the land and of the
mode in which the rocks of the land have been
formed. The author sagaciously calls attention to
the fact that, instead of being indiscriminately huddled
together in the strata, the fossils are found to lie on
the planes of stratification, just as the shells and
other organisms of the present sea are strewn over
the surface of the sea-floor.

Telliamed, the Indian Philosopher, ridicules the
notion that these universal marine formations could
have been laid down by Noah’s Flood, which he
afirms was a local and transient inundation. He
asserts that the valleys and other hollows of the
earth’s surface have been scooped out by marine
currents during the sinking of the sea, leaving the
mountainous ridges standing up between them. The
diminution of the water is regarded by him as due
to evaporation, whereby the vapour is carried through
space to the extremity of the vortex wherein the
dust and the particles of water are once more con-
densed upon other globes.

Methods are described for measuring the rate of
the lowering of the sea-level, and as the result of ob-
servation it is estimated that the diminution amounts
to as much as three or four inches in a century, or
about three feet in a thousand years. A time will
come when the Black and Mediterranean seas will be
isolated into lakes, like the Caspian, and when the
Atlantic will be laid dry, save perhaps some restricted
remnant in its deeper part, while the rivers of the
Old and New World will mingle their waters together.



http://www.geology.19thcenturyscience.org/books/1905-Geikie-FoundersGeol/README.htm

Telliamed on Animal Evolution 87

Volcanoes, in the cosmogony of Telliamed, are due
to the combustion of the oils and fats of the various
animals entombed in the sediments of which the
mountains have been formed. These volcanoes, by
communicating with each other, will ultimately ex-
tinguish all life, and finally lead to the total con-
flagration of our globe, which will then become a
true sun, until having consumed all the combustible
material that maintained this prodigious heat, it will
once more cool down and become opaque.

But the most curious speculations of Telliamed
are those in which he discusses the problem of the
origin of the various races of animal life. He supposes
the plants and animals of the land to have been
derived from those of the sea. But the data which
he advances in support of his notions of evolution
seem to us now almost childishly absurd. He speaks
of rose-trees which had their blooms quite red when
they were taken out of the sea. He affirms that
there exist on land no walking, flying, or creeping
creatures which have not their analogues in the sea,
and that their transference from one region to the
other is not only probable but can be proved by
a vast number of actual examples. He illustrates
what he conceives to be the natural course of trans-
formation by picturing flying fishes which somehow
should fall among reeds or rushes and be unable to
resume their flight. Their exertions would increase
their aptitude to use their wings, but the dry air
would split these membranes and raise up the scales
of their bodies into a kind of down, the little fins
under their belly, which once helped them to swim,
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would now become feet which would enable them to
walk on the land. Then follows an account of seals,
sea-dogs, and the origin of man, wherein the author
states that he will scrupulously reject everything which
might be regarded as fanciful, and that he will confine
himself to well-attested and recent facts. He then
gravely recites a number of tales of mermen and
mermaids, of savage dumb men, like apes, of men
with tails, of giants and dwarfs, and he comes to
the conclusion that as all the species of mermen are
still unknown, it is not yet possible to trace from
which of them the various races of mankind have
been derived. He sees no difficulty in the transition
of men from the water to the air, and thinks that
this passage is easiest in polar regions, where probably
the transformation of mermen into ordinary men is
always most common.

The last and not the least eminent of the cos-
mogonists who may be cited in this retrospect is the
illustrious naturalist G. L. Leclerc de Buffon (1707-
1788)—one of the great pioneers in science who figure
so conspicuously in the history of France. At first
he interested himself in physics and mathematics, but
gradually widened his outlook, and conceived broad and
profound ideas regarding the whole realm of Nature.
Endowed with a spirit of bold generalisation, and
gifted with a style of singular clearness and eloquence,
he was peculiarly fitted to fascinate his countrymen,
and to exercise a powerful influence on the scientific
progress of his age. He is the central figure in a
striking group of writers and observers who placed
France in the very front of the onward march of
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science, and who laid some of the foundation-stones
of modern geology.

The introductory portion of Buffon’s voluminous
Natural History was devoted to a Theory of the Earth.
Though written in 1744, it was not published until
1749. The author had meditated long and deeply on
the meaning of the fossil shells found so abundantly
among the rocks of the earth’s crust, and had recog-
nised that, as they demonstrate the condition of the
globe not to have been always what it is now, any true
theory of the earth must trace the history of the
planet back to a time before the present condition
was established. Like Descartes and Leibnitz, he
saw that this history must be intimately linked with
that of the solar system, of which it formed a part.
He thought that the various planets were originally
portions of the mass of the sun, from which they

 were detached by the shock of a comet, whereby the

impulse of rotation and of revolution in the same
general plane was communicated to them. In com-
position, therefore, they are similar to their parent
sun, only differing from that body in temperature.
He inferred that at first they were intensely hot and
self-luminous, but gradually became dark as they
cooled, the central sun still remaining in a state of
incandescence.

Though the hypothesis of a cometary shock is not
now entertained, it is impossible to refuse our admira-
tion to the sagacity of a man who tried to solve the
problem of planetary evolution by the application of
the laws of mechanics. The geological portion of his
theory, however, was loaded with several crude con-
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ceptions. The enormous numbers and wide diffusion
of fossil shells, which had so vividly impressed his
imagination, proved to him that the land must have
lain long under the sea. But he had no idea of any
general cause that leads to elevation of the sea-bottom
into land. He was thus constrained to resort to his
imagination for a solution of the problem. Burnet
had supposed the original ocean to be contained within
the earth, and that it only escaped at the time of
the Flood, when, by the heat of the sun, the crust
of the globe had cracked, and thus allowed the pent-
up waters to rush out. Buffon’s theory was hardly
less fanciful. But he reversed the order of events.
He inferred from the abundance of fossil shells that
there had once been a universal ocean, and that by
the giving way of the crust, a portion of the waters
was engulfed into caverns in the interior, so as to
expose what are now mountains and dry land.

For some thirty years after the publication of his
Theory, Buffon continued to work industriously in all
departments of natural history. At last, in 1778,
having long meditated on the problem of the origin
of the earth, he published his famous Epogues de la
Nature. In this work he arranged the history of the
globe in six epochs—intervals of time of which the
limits, though indeterminate, seemed to him none the
less real. He tried indeed to form some idea of their
duration on the basis of a series of ingenious experi-
ments with globes of cast-iron of different sizes, and
though the method on which he proceeded could not
give him reliable results, and his estimates have ac-
cordingly nc scientific value, they possess the highest
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historical interest, first as the earliest recorded attempt
to compute the probable age of the earth and of the
planets from physical observations, and secondly as an
epoch-making departure from the old and orthodox
notion that our globe came into existence only some
six thousand years ago. In discussing the Biblical
narrative of the Creation, Buffon boldly asks what we
can possibly understand by the six days, if not six
periods of time or intervals of duration. Though
referred to in the Book of Genesis as days, for want
of another term, they can have no relation to our
actual days, seeing that no fewer than three of them
had passed away before the sun was fixed in the
firmament. “The sense of the narrative seems to
require that the duration of each ‘day’ must have
been long, so that we may enlarge it to as great an
extent as the truths of physics may demand.”?

The First Epoch embraced the primeval time when
the earth, newly torn from the sun, existed still as
a molten mass which, under the influence of rotation,
assumed its oblate spheroidal form. The transition
from fluidity to solidity, and from luminosity to opacity
was brought about entirely by cooling, which com-
menced at the outer surface. A crust was thus formed,
outside of which the substances still in a vaporous
condition, such as air and water, remained as a hot
zriform envelope, while the interior still continued
liquid. The period of incandescence before the globe
consolidated to the centre was computed by Buffon
to have amounted to 2936 years while the period
during which the surface remained too hot to be

1 Histoire Naturelle, tome 1. p. 204.
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touched, and therefore unfit for living beings, com-
prised about 35,000 years.

The Second Epoch was characterized by the con-
solidation of the molten globe, and the appearance of
hollows and ridges, gaps and swellings, over its surface,
and cavernous spaces in its interior, such as may be
seen in a globe of fused metal after it has cooled.
These inequalities in the crust of granite, gneiss and
other ancient crystalline rocks, gave rise to the earliest
or primitive mountains and valleys of the higher
portions of the land. During the process of con-
solidation, cracks arose in which metalliferous veins
were formed by sublimation or fusion. Up to the
end of this period, the globe remained intensely hot
and its water still existed only among the vapours of
the atmosphere.

The Third Epoch, which began about 35,000 years
after the birth of the earth, included the time when
the waters were condensed so as to descend and
remain on the sufficiently cooled surface of the globe.
So vast was the sea at first that its surface stood from
gooo to 12,000 feet higher than it does now, as was
supposed to be indicated by the heights at which
marine organisms are found in the rocks of the moun-
tains. The waters were at first boiling, and as they
cooled, animal life was introduced into them. This
life must have been in many ways different from that
of our present seas. The oldest species, which are
nowhere now to be found alive, flourished during the
first ten or fifteen thousand years after the seas had
been gathered together. If a collection of fossils were
made from the highest parts of the mountains, Buffon
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thought that it might be possible to decide as to the
relative antiquity of species. Nature was then, as it
seemed to him, in her first vigour, and fashioned larger
types of life than now survive. When the earliest
condensation of water took place upon the still warm
surface of the globe, great corrosion of that surface was
effected. The decomposed rocks gave rise to much
clay, which was washed off into the sea, there to form
the various argillaceous sediments now to be seen on
the land. As life increased in the sea, the calcareous
fossiliferous formations were deposited which consti-
tute so much of the existing land. Buffon supposed
that the sea in which all the fossiliferous strata were
accumulated must have covered the land for at least
20,000 years. The parts of the earth’s surface that
rise into land were now covered with dense forests.
The Fourth Epoch witnessed the emergence of the
lower part of the land, owing to the sinking of the
waters through cracks into cavities in the interior of
the globe. Buffon estimated that 20,000 years were
required for the lowering of the sea from its original
to its present level. Profoundly as he had meditated
on the structure of the earth, he had during thirty
years made no advance in his views of the origin of
the dry land, nor had he obtained any more light on
volcanic phenomena than his predecessors had possessed.
He estimated that a hundredth or a two-hundredth
part of the surface of the earth was covered with
dense vegetation, and that vast quantities of this
vegetation were swept down into the lower places of
the earth’s surface and into the fissures of the rocks.
He supposed that meeting there with the substances
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sublimed by the great internal heat these carbonaceous
accumulations would form the first provision of
aliment for the volcanoes which were now to make
their appearance. Volcanic energy, in his view, arises
from ¢“the effervescence of the pyritous and com-
bustible stones,” combined with the effective co-
operation of subterranean electricity, which he believed
to be likewise a powerful agent in the production of
earthquakes. Volcanoes, however, can only become
active by “the conflict of a great mass of water with
a great body of fire.” Hence they are always near
the sea. Buffon computed that the first volcanoes did
not arise until some §0,000 years of the earth’s history
had elapsed, by which time a sufficient quantity of
combustible materials had been accumulated to furnish
them with fuel, and he drew a graphic picture of the
frightful condition of our planet when its surface was
at once ravaged by fire and devastated by debacles
of water. Only after the cessation of such turmoil
could terrestrial animals come into being. During this
period the retreating waters of the ocean gave birth
to powerful currents, whereby hollows were scoured
out of the still comparatively soft sedimentary strata,
and thus were originated the wvalleys of the land
which have subsequently been widened and deepened
by subaerial denudation.

The Fifth Epoch was marked by a calmer time
which witnessed the advent of huge pachyderms—
elephants, rhinoceroses, and hippopotamuses—in the
northern regions, where at that time a warm climate
stretched continuously from Asia and Europe into
America. This introduction of terrestrial animal life
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is placed by Buffon 55,000 or 60,000 years after
the beginning of the world, or about 15,000 years
before our own time.

The Sixth Epoch was marked by the separation of
the two continents of the Old and New Worlds,
which, as was inferred from the presence in each of
them of what were supposed to be the same fossil
mammals, were believed to have been originally united.
Buffon placed this event 10,000 years before his time.
The same period also saw the submergence that
isolated Greenland from Europe, Canada and New-
foundland from Spain, and gave rise to so many
insular tracts in the north Atlantic. The history of
other late topographical features of the earth’s surface,
such as the Mediterranean, the Bosphorus, and the
Black Sea, is next sketched, and is connected with
the occurrence of successive deluges and ruptures of
land-barriers.

Buffon added a seventh epoch, in which he traced
the commanding influence of man in modifying the
surface of the earth.

Recognising the powerful agency of rivers and the
sea in washing away the materials of the land, he
believed that by this action the whole of the existing
continents will finally be reduced and covered by the
ocean; and he conceived that by the same series of
changes new lands will ultimately be formed. He
foresaw, however, the final extinction of our globe as
a habitation for sentient beings, but not after the
mannet of the orthodox creed that the heavens and
the earth are at last to melt with fervent heat. Buffon
recognised proofs of the gradual refrigeration of our
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planet and he estimated that this process would con-
tinue for yet 93,000 years by which time the globe
would have become colder than ice. Then this
beautiful Nature, which with its tribes of plants and
animals, will have existed for 132,000 years, will
perish.

In breadth and grandeur of conception Buffon far
surpassed the earlier writers who had promulgated
theories of the earth. The rare literary skill with
which, in his masterpiece, the Epogues, he presented
his views, enabled him to exercise a powerful influence
on his contemporaries, to direct their attention to the
deeply interesting problems of which he wrote, and to
give to natural science a far wider popularity than it
had before enjoyed. If looking back from our present
knowledge, we may be inclined to regard his eloquent
pages rather in the light of a pictorial vision of what
his brilliant imagination bodied forth as the origin of
things, than a sober attempt to work out a theory
on a basis of widely collected, carefully sifted and
systematically co-ordinated facts, we must remember
that science had not yet advanced far enough to pro-
vide such a basis. It was his great merit to have
pointed out that the history of our earth is a long
chronological record, the memorials of which are to
be read in the frame-work of the globe itself, and to
have himself applied the historical method to its inter-
pretation. Nor were his services less conspicuous in
breaking down the theological barrier which, after so
many centuries, still blocked the way towards a free
and unfettered study of the crust of the earth. So
powerful in his time did the ecclesiastical authorities




http://www.geology.19thcenturyscience.org/books/1905-Geikie-FoundersGeol/README.htm

Bufforn and the Sovbonne 97

continue to be, that we are told how, though the
Epogues was a work on the preparation of which he
had spent much time and thought and which he longed
to publish, he had cautiously to feel his way and pay
court to some of the doctors of the Sorbonne, and how
it was only after having secured, if not the votes, at
least the silence of the majority of a corporation which
tyrannised over thought, that he ventured to send his
treatise to the printer. His friends, however, remained
anxious on his account, until whether because religious
intolerance was growing less with the advance of
science, or because the clerical powers were satisfied
with professions of faith and protestations of belief
on the part of the author, the work was allowed to
pass peaceably on its way to popularity. Although
this treatise shows that the long interval of thirty years
after the appearance of the Théorie had given greater
freedom and had still further enlarged his views of
nature, he was evidently unaware of much that had
been observed and described during that interval by
his own countrymen and in other parts of Europe.
In particular he does not seem to have been acquainted
with the progress that had been made in evolving a
stratigraphical succession among the fossiliferous for-
mations in Germany, Italy, and England. One would
hardly suppose from his chapters that so much infor-
mation had now been amassed regarding fossil organic
remains.

The prolonged controversy over the nature and
origin of the “figured stones” had this good result
that it not only drew general attention to these objects,
but developed a passion for collecting them, and thus
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led to the formation of numerous cabinets or museums
wherein they found a conspicuous place among other
illustrations of natural history. They were likewise
made the subject of description in an increasing num-
ber of treatises, and of delineation on engraved plates,
although the question was still hotly disputed whether
these objects should be considered as mere sports of
Nature or as relics of once living things and memorials
of the Deluge. Reference was made in the last chapter
to one or two of the oldest of these collections of
fossils, and to the earlier illustrated works in some of
which the fossils were treated as mere * figured stones.”
After the appearance of the volumes by Lister and
others in England, Switzerland became the birthplace
of a number of treatises on the subject written, some
in Latin and others in German. One of the earliest
of these, the Histwria Lapidum Figuratorum Helvetiae
of K. N. Lang was published in 1708 at Venice, and
contained a crude classification of these objects, in
which minerals, concretions and fossil remains of
animals and plants were all included. This author,
though he recognised the resemblance of some of the
fossil shells to species now living, believed that their
germs were transported as fine dust from the ocean and
germinated among the rocks.

More important were the treatises of J. J. Scheuch-
zer (1672-1733) of Zurich. In the year 1702 this
writer published a work with the title Specimen Litho-
graphie Helveticae curiose, in which he described
« figured stones” as sports of Nature. But having
afterwards procured a copy of Woodward’s Essay,
which he translated into Latin, he adopted the opinion
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that these stones are relics of the Deluge, and upheld
this view in his subsequent writings. He was a most
active observer and prolific author. His Natur-Historie
des Schweizerlandes is a remarkable dissertation, in which
the climate, topography, hydrology (including glaciers),
meteorology and mineralogy of the country are well
described. There is a section devoted to * Relics of
the Deluge found in Switzerland,” wherein are de-
scribed a number of fossil plants and shells, concluding
with a paragraph on “ Men.” At that time he con-
fesses that so rare were human remains in the fossil
state that none had yet turned up in his own country,
unless he might include the gigantic bones found in
Canton Lucerne, though he hopes that some will be
found at such time as God may please. This hope he
thought was at last realised towards the end of his
life by the discovery at Oeningen of a skeleton which
he had no doubt was a relic of “one of the infamous
men who brought about the calamity of the Flood.”
He took some pains to let the world know of this
important discovery. Thus in a Latin letter to Sir
Hans Sloane, to be communicated to the Royal Society
of London, into which body Scheuchzer had been
elected, he gave a brief description of the specimen,
and estimated the stature of the fossil man to have
been about the same as his own, or §84 Paris inches.
A fuller account formed the subject of his famous tract,
Homo Diluvii Testis (1726). This celebrated specimen,
afterwards shown by Cuvier to be not a human skele-
ton, but that of a large salamander, is now preserved
in the Teyler Museum at Haarlem.

Scheuchzer wrote a useful catalogue of the names
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which up to his time had been given to the *figured
stones ' (Sciagraphia Lithologica Curiosa; seu Lapidum
Figuratorum Nomenclator), and gave references to some
of the published descriptions of them. He was like-
wise the author of a Herbarium Diluvianum, containing
a series of fourteen good plates of fossil plants,
together with some corals and other plant-like organ-
isms. As a further indication of his connection with
England and the Royal Society, it may be mentioned
that the first of these plates is inscribed to the Arch-
bishop of Canterbury, and the second to Sir Isaac
Newton.

To one further treatise of the Zurich professor
reference may here be made for the quaint humour
which runs through it. It is a thin small quarto
in Latin, with the title Piscium Querele et Vindicie,
1708. The fossil fishes are represented as assembled
in council to protest against their treatment by the
descendants of the wicked men that brought on the
Flood by which these very fishes had been entombed.
They discourse of ¢ the irrefragable witness of the
universal Deluge which by the care of Providence
their dumb race places before unbelievers for the
conviction of the most daring atheists.” Specimens of
their fossil brethren are appealed to—pike, trout, eel,
perch, shark—and their well-preserved minute struc-
ture of teeth, bones, scales and fins is pointed to as a
triumphant demonstration that such perfect anatomical
detail could be fabricated by no inorganic process
within the rocks, as had been maliciously affirmed.

It was from Nuremburg that the most important
work on fossils was issued during this period. Among
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the natives of that quaint old town, George Wolfgang
Knorr (1705-1761), who followed the occupation of
an engraver, developed such an enthusiasm for natural
history objects that he specially devoted himself to
the preparation of finely-engraved plates, for the illus-
tration of works on botany and conchology, as well
as on art. In the end, he began to collect fossils, and
to prepare engravings of them and of other specimens
contained in some of the cabinets which were now
becoming numerous all over Europe. It was his
intention to publish a treatise on the subject fully
illustrated by himself. He had completed the first
volume, but died before any further portion of the
work was ready. It is hardly possible to exaggerate
the beauty and fidelity of the representations of the
fossils in his plates. No such illustrations had ever
before appeared, and they have hardly been surpassed
since. By delicate lines on the copper plates the most
minute intricacies of structure are reproduced, and by
thin washes of colour the tints of the original speci-
mens are represented. His renderings of dendritic
markings, landscape-marble, fossil plants, crustacea,
crinoids, fishes and other fossils are admirable examples
of the union of artistic workmanship with scientific
accuracy. Fortunately for Knorr’s reputation and the
progress of science, another enthusiast was ready to
take up the work where the Nuremburg artist had
left it. J. E. I. Walch (1725-1778) who held the
appointment of Professor of Eloquence and Poetry
in the University of Jena, was also a collector and
student of minerals, rocks and fossils, and in 1762
published an excellent little volume, Das Steinreich,
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which gives a rough classification of rocks according
to their structure, such as Granular, Lamellar, and
Filamentous. He was prevailed upon by Knorr’s
executors to undertake the continuation and publi-
cation of the work of the deceased artist. As a large
amount of the materials for the plates had already
been arranged by Knorr, the hands of the continu-
ator were rather tied in regard to the treatment of
the subject. But Walch with remarkable industry and
perseverance pursued his task until four folio volumes
of text and nearly 300 plates had been completed and
published under the title of Lapides Diluvii Universalis
Testes—Sammlung von Merckwurdigkeiten der Natur um
Beweis einer allgemeinen Siindfluth. The fourth and
last volume containing Systematic Tables and an
Alphabetical Index, affording a guide to the contents
of the whole work, was published in 1778. In spite
of the diluvial creed of the authors, this fine publi-
cation marks a notable advance in the palaeontological
department of geology. It presents an instructive
and detailed statement of all that was known on the
subject at the time, with abundant references to the
writings of previous authors.

The craze for collecting * figured stones” and other
mineral curiosities, together with the ignorant credulity
of many of the collectors, led to the occasional per-
petration of practical jokes. One of the most famous
instances of this tendency was that of the tricks played
off upon the learned Wirtzburg Professor, J. B.
Beringer, who, having with great enthusiasm and with
the help of his students made a collection of fossils
from the Triassic strata of his neighbourhood, published
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in 1726 an illustrated work wupon his discoveries.
Among the objects depicted by him were figures of
celestial bodies, and other remarkable things which
he unsuspectingly regarded as of equal significance.
‘When, however, his youthful companions went so
far as to manufacture still more grotesque ¢ figured
stones,” and dropped them in the quarries into which
they led him that he might himself discover them;
and more especially when, at last, besides Hebrew
letters, he found his own name inscribed on the stone,
the truth dawned on him that he had been hoaxed.
He did his best to buy up the edition of his work
in which so many of the tricks had been unsuspect-
ingly figured and described. But some copies still
survive, and examples of the manufactured fossils
are preserved in the museums of Wurtzburg and
Munich.
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Tre rise of Geology in France. Palissy. The labours of Guettard.

WaiLe in England, Switzerland, Italy, and Germany
the study of fossils was making progress in spite of
the controversies to which the subject gave rise, in
France for a time less advance could be perceived. It
is true that as far back as 1580 the celebrated ceramic
artist Bernard Palissy had published some important
observations on the petrifaction of wood, as well as on
shells and fishes in the rocks, and had called attention
to these objects in proof of the former presence of the
sea or of lakes, where such organic remains are now
found. But it was not until the early part of the
eighteenth century that France produced a man worthy
to stand in the front rank of the early founders of
geology and of whose career some detailed notice
may here be given. While Buffon was indulging in
his brilliant speculations as to the origin and history
of the earth there lived in Paris at the same time
a student of Nature, belonging to a totally different
type, who, shunning any approach to theory, dedicated
himself with the enthusiasm of a true naturalist to
the patient observation and accumulation of facts
regarding the rocks of the earth’s crust, and to whom
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modern geology owes a deep debt of gratitude, that
has never yet been adequately paid. This man, Jean
Etienne Guettard (1715-1786), was born in the year
1715 at the little town of Etampes, about thirty miles
S.W. from Paris.! As the grandson of an apothecary
there, he was destined to succeed to the business of
compounding and selling drugs. Before he left home
for his professional education, he had already developed
a passion for natural history pursuits. When still a
mere child, he used to accompany his grandfather
in his walks, and his greatest happiness was found in
collecting plants, asking their names and learning to
recognize them, and to distinguish their different parts.
Every nook and corner around Etampes became
familiar to him, and in later years he loved to revisit,
with the eye of a trained naturalist, the scenes which
had fascinated his boyhood. In his writings he loses
no opportunity of citing his native place for some
botanical or geological illustration. Thus, at the very
beginning of a long and suggestive memoir on the
degradation of mountains, to which further reference
will be made in the sequel, his thoughts revert to
the haunts of his infancy, and the first illustration he
cites of the processes of decay which are discussed in
that paper is taken from a picturesque rock overlook-
ing the valley of the Juine, under the shade of which
he used to play with his companions.?

1 For the biographical facts here given I am indebted to the Elge of
Guettard by Condorcet ( Euores, edit. 1847, vol. iii. p. 220) and to
the personal references which I have met with in Guettard’s writings.

2 Mémoires sur différentes parties des Sciences et des Arts, tome iii.
p. 210 (1770).
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Having gained the favourable notice of the famous
brothers Jussieu, who gave renown to the botanical
department of the Jardin des Plantes, he was allowed
by his grandfather to choose a career that would
afford scope for his ardour in science. Accordingly
he became a doctor in medicine. Eventually he was
attached to the suite of the Duke of Orleans, whom
he accompanied in his travels, and of whose exten-
sive natural history collections he became custodian.
On the Duke’s death he enjoyed from his son and
successor a modest pension and a small lodging in
the Palais Royal at Paris.

It was to botany that his earlier years of unwearied
industry were mainly given. In the course of his
botanical wanderings over France and other countries,
he observed how frequently the distribution of plants
is dependent upon the occurrence of certain minerals
and rocks. He was led to trace this dependence from
one district to another, and thus became more and
more interested in what was then termed ¢ mineralogy,”
until this subject engrossed by far the largest share
of his thoughts and labours.

But Guettard was more than merely a mineralogist.
Although the words “geology” and “geologist” did
not come into use for half a century later, his writings
show him to have been a geologist in the fullest sense
of the word. He confined himself, however, to the
duty of assiduous observation, and shunned the
temptation to speculate. He studied rocks as well
as minerals, and traced their distribution over the
surface of Europe. He observed the action of the
forces by which the surface of the land is modified,
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and he produced some memoirs of the deepest interest
in physiography. His training in natural history
enabled him to recognize and describe the organisms
which he found in the rocks, and he thus became
one of the founders of palzontological geology. He
produced about 200 papers on a wide range of subjects
in science, and published some half-dozen quarto
volumes of his observations, together with many
excellent plates.

It is astonishing that this man, who in his day
was one of the most distinguished members of the
Academy of Sciences of Paris, and who undoubtedly
is entitled to rank among the few great pioneers of
modern geology, should have fallen into complete
oblivion in English geological literature. I shall have
occasion to show that the process of ignoring him
began even in his lifetime, and that, though free
from the petty vanities of authorship, he was com-
pelled in the end to defend his claim to discoveries
that he had made. After his death he was the subject
of a kindly and appreciative dloge by his friend
Condorcet, the perpetual Secretary of the Academy.!
His work was noticed at length in the great Encyclo-
pédie Méthodigue of Diderot and D’Alembert, published
thirteen years after he was laid in the grave.? Cuvier

1 Buvres de Condorcet, vol. iii. p. 220.

2 Géographie Physique by Desmarest, forming vol. i. of the Encycho-
pédie, and published An III (1794). The article on Guettard (by
Desmarest) gives a critical review of his work, especially of
those parts of it which bear on physical geography. The large
number and value of his observations on fossil organisms is admitted.
But his method of constructing mineralogical maps is severely
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in his éloge of Desmarest gave to Guettard the credit
of one of his discoveries.! But his work seems to
have been in large measure lost sight of until in
1862,% and again in 1866,® the Comte d’Archiac dwelt
at some length on his services to the progress of
geology. More recently Guettard’s labours have been
the theme of sympathetic comment from Ch. Sainte-
Claire Deville* and Aimé de Soland.®

In the geological literature of the English-speaking
countries, however, we shall search in vain for any
adequate recognition of the place of this early master
of the science. The famous classic, Conybeare and
Phillips’ Outlines of the Geology of England and Wales,
contains a reference to the French observer as the

handled, and his claim to the discovery of the extinct volcanoes
of Auvergne is contemptuously rejected. The whole tone of the
article is somewhat ungenerous. The imperfections of Guettard’s
work are fully set forth, but little is said of its merits.

1Cuvier's Eloges Historigues, vol. ii. p. 354 (1819).

2A. d’Archiac, Cours de Paléontologie Stratigraphique, pp. 284-304,
1862.

8 A. d’Archiac, Géologie et Paléontologie, 1" partie, pp. 112-118
(1866). The account of Guettard in this work is little more
than a condensation of the narrative in the author’s previous
Cours. Even after these appreciative references Lecoq in his
Epogues Géologiques de I Auvergne omits Guettard’s name from
the list of those he specially cites, and when he has occasion to
mention him, does so in a very grudging spirit. See his Intro-
duction, p. xiii. and vol. iii. p. 15g.

4 Coup d'il historique sur la Géologie, pp. 311-314 (1878).
b« Etude sur Guettard,” Annales de la Société Linnbenne de Main-et-

Loire, 137, 14™, et 15™ années, pp. 32-88 (1871, 1872, 1873). This
appreciative essay contains a list of Guettard’s publications.
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first man who constructed geological maps. Scrope?
and Daubeny? cite him for his observations in
Auvergne. But Lyell in his well-known summary
of the progress of geology does not even mention
his name. |

It is difficult to account for this neglect. Possibly
it may be partly attributable to the cumbrous and
diffuse style in which Guettard wrote,® and to the
enormous bulk of his writings. When a man con-
tributes scores of voluminous papers to the transactions
of a learned academy ; when he publishes, besides, an
armful of bulky and closely printed quartos, and when
these literary labours are put before the world in by
no means an attractive form, perhaps a large share
of the blame may be laid to his own door. Guettard
may be said to have buried his reputation under the
weight of material which he left to support it.

I cannot pretend to have read through the whole
of these ponderous volumes. The leisure of a hard-
worked official does not suffice for such a task. But
I have perused those memoirs which seemed to me
to give the best idea of Guettard’s labours, and of
the value of his solid contributions to science. And
I shall now proceed to give the results of my reading.
No one can glance over the kindly éloge by Condorcet

Y Geology and Extinct Volcances of Central Framce, p. 30, 2nd
edition, 1858,

2 Description of Active and Extinct Volcanoes, p. 729, 2nd edition
(1848).

8Of this defect no one was more sensible than the author

himself. See his Mémoires sur differentes parties des Sciences et des
Arts, tome v, p. 421,
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without a feeling of respect and sympathy for the
man who, under many discouragements, and with
but slender means, succeeded in achieving so much
in such a wide circle of acquirement. And there is
thus no little satisfaction in resuscitating among
English and American geologists the memory of a
man in whom I trust that they will recognise one
of the founders of their science, deserving a place
not inferior to that of some whom they have long
held in honour.

And first with regard to Guettard’s labours in the
domain of geographical geology, or the distribution of
rocks and minerals over the surface of the earth. I
have referred to the manner in which he was gradually
drawn into this subject by his botanical excursions.
As the result of his researches, he communicated in
1746 to the Academy of Sciences in Paris a memoir
on the distribution of minerals and rocks.! Having
been much impressed by the almost entire absence of
certain mineral substances in some places, though they
were abundant enough in others, he was led to suspect
that these substances are really disposed with much
more regularity than had been previously imagined.
He surmised that, instead of being dispersed at random,
they were grouped in bands which have a character-
istic assemblage of minerals and a determinate trend,
so that when once the breadth and direction of.one
of these bands is known, it will be possible, even where
the band passes into an unknown country, to tell
beforehand what minerals and rocks should be found
along its course.

1 Mém. Acad. Roy. Framce, vol. for 1751.
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The first sentences of his remarkable Mémoire et
Carte Minéralogigue are well worth quoting. «If
nothing,”” he remarks, “can contribute more towards
the formation of a physical and general theory of the
earth than the multiplication of observations among
the different kinds of rocks and the fossils which they
contain, assuredly nothing can make us more sensible
of the utility of such a research than to bring together
into one view those various observations by the con-
struction of mineralogical maps. I have travelled with
the view of gaining instruction on the first of these
two points, and following the recommendation of the
Academy, which wished to have my work expressed
on a map, I have prepared such a map, which contains
a summary of all my observations.”

The idea of depicting the distribution of the mineral
products of a country upon a map was not original
with Guettard or the Academy of Sciences. It will be
pointed out in a subsequent chapter that, as far back
as the later years of the previous century, a scheme
of this kind was submitted to the Royal Society of
London by Martin Lister.! There is no evidence,
however, that this scheme was known to Guettard,
who, though he obtained a large amount of informa-
tion about English mineral products, probably derived
it all from French translations of English works. He
does not appear to have read English. Guettard in-
ferred, from his observations over the centre and north
of France, that the several bands of rocks and minerals
which he had detected were disposed round Paris as

1The early history of geological map-making is briefly outlined in
chapter xiv. of the present volume,
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a centre. The area in the middle, irregularly oval in
shape, comprised the districts of sand and gravel,
whence he named it the Sandy band. It was there
that the sandstones, millstones, hard building stones,
limestones, and gun-flints were met with. The second
or Marly band, exactly surrounding the first, consisted
of little else than hardened marls, with occasional
shells and other fossil bodies. The third band, called
the « Schitose” [Schistose] or metalliferous, encircled
the second, and was distinguished by including all the
mines of the different minerals, as well as the pits and
quarries for bitumen, slate, sulphur, marble, granite,
fossil wood, coal, etc.

Having convinced himself that these conclusions
could be sustained by an appeal to the distribution of
the minerals in the northern half of France, he pro-
ceeded to put upon a map the information he had
collected. Using chemical and other symbols, he
placed a sign at each locality where a particular mine-
ral substance was known to exist. Moreover, employ-
ing a variety of engraved shading, he showed in a
general way the position and limits of the great Paris
basin. The marly band surrounding the central tract
of sandy Tertiary strata was represented as sweeping
inland from the coast between Boulogne and Dieppe,
through Picardy and the east of France to the Bour-
bonnais, where, turning westward, it reached Poitou,
and then struck northward to the coast west of the
mouth of the Seine. Though erroneously grouping
Secondary sometimes with Palzozoic, sometimes with
Tertiary strata, and not accurately coinciding with the
modern divisions of the stratigraphical series, the map
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nevertheless roughly expresses the broad distribution
of the formations.

Having put his data on the map of France, he came
to see that his three bands were abruptly truncated
by the English Channel and Strait of Dover. Carry-
ing out the principles he had established, he conjectured
that these bands would be found to pass under the sea
and to re-emerge on the shores of England. To test
the truth of this hypothesis, he ransacked the French
versions of two once famous English books—Joshua
Childrey’s Britannia Baconica,! and Gerard Boate’s
Ireland’s Naturall Historie* He found much in these
volumes to confirm his surmise. Availing himself of

1% Britannia Baconica, or the natural rarities of England, Scot-
land and Wales, according as they are to be found in every shire,
historically related according to the precepts of the Lord Bacon.”
London, 1660. A French translation was published in 1662 and
1667.

2 «Ireland’s Naturall Historie, Being a true and ample description of
its situation, greatness, shape and nature ; of its hills, woods, heaths,
bogs ; of its fruitful parts and profitable grounds, with the severall
ways of manuring and improving the same ; with its heads or pro-
montories, harbours, roades, and bayes ; of its springs and fountains,
brookes, rivers, loghs ; of its metalls, minerals, freestone, marble, sea-
coal, turf and other things that are taken out of the ground. And
lastly of the nature and temperature of its air and season, and what
diseases it is free from or subject unto ; Conducing to the advance-
ment of navigation, husbandry and other profitable arts and
professions. Written by Gerard Boate, late Doctor of Physick to the
State in Ireland, and now published by Samuel Hartlib, Esq., for the
common good of Ireland, and more especially for the benefit of
the Adventurers and Planters there.,” It was published in London
in 1652, and was dedicated to Oliver Cromwell. A French version,
under the title of Histoire Naturelle d'Irelande, was published at Paris
in 1666 (Dict. Nat. Biog., sub voc. Boate).
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the information afforded by them, he affixed to the
map of England the same system of symbols which
he had used on that of France, and roughly indicated
the limits of his bands across the south-eastern English
counties. This portion of his work, however, being
founded on second-hand knowledge, i1s more vague
and inaccurate than that which was based on his per-
sonal observations in France.

As an example of the painstaking earnestness with
which Guettard made his geological notes, it may be
mentioned that among the symbols he employed on
his map there was one for shells or marine fossil
bodies, and that this sign is plentifully sprinkled over
the map. His reading enabled him also to insert the
symbol on many parts of the map of England, all the
way from the Wash to Sussex. On the map of
France, he was able to introduce an additional sign
denoting that the shells were not in mere loose deposits,
but formed part of solid stone. In a second map, on
a smaller scale, accompanying the same memoir, and
embracing the whole of Western Europe from the
north of Iceland to the Pyrenees and the Mediter-
ranean, Guettard marked by his system of notation the
localities where various metals, minerals and rocks were
known to exist. In this way he brought into one
view a large amount of information regarding the
geographical distribution of the substances which he
selected for illustration.

This memoir, with its maps, seems to have gratified
the Academy of Sciences, for not merely was it inserted
in the volume of Transactions for the year, but in the
Journal or annual summary of the more important
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work of the Academy, it occupies a conspicuous place.
The official record announced that a new application
of geography had been inaugurated by the author,
who, neglecting the political limits traced on maps,
sought to group the different regions of the earth
according to the nature of the substances that lie
beneath the surface. ‘ The work of M. Guettard,”
it is further remarked, “opens up a new field for
geographers and naturalists, and forms, so to speak,
a link between two sciences which have hitherto been
regarded as entirely independent of each other.”!

I have dwelt at some length on this early work of
Guettard because of its importance in the history of
geological cartography. These maps, so far as I
know, were the first ever constructed to express the
superficial distribution of minerals and rocks. The
gifted Frenchman who produced them is thus the
father of all the national Geological Surveys which
have been instituted by the various civilised nations
of the Old and the New Worlds.

This effort in mineralogical map-making was merely
the beginning of Guettard’s labours in this depart-
ment of investigation. “If you will only let me
have a proper map of France,” he used to say, “I
will undertake to show on it the mineral formations
underneath.” When Cassini’s map appeared, it en-
abled him to put his design into execution. After
incredible exertions, during which he had the illus-
trious chemist Lavoisier? as an assistant, he completed

L Mém. Acad. Roy. Sciences, 1751 3 Journal, p. 105.
2 See on the subject of Lavoisier’s co-operation, D’Archiac’s Paléont-

ologie Stratigraphigue, p. 290, and postea, p. 343.
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the mineralogical survey of no fewer than sixteen
sheets of the map. These labours involved journeys
so frequent and prolonged that it was estimated that
he had travelled over some 1600 leagues of French
soil. At last, finding the work beyond his strength,
he left it to his successor Monnet, by whom the
sixteen maps and a large folio of explanatory text
were eventually published.!

It must be acknowledged, however, that Guettard
does not seem to have had any clear ideas of the
sequence of formations and of geological structure;
at least there is no sign of any acquaintance with
these in his maps or memoir. His work, therefore,
excellent as it was for the time, contained little in
common with the admirable detailed geological maps
of the present day, which not only depict the geo-
graphical distribution of the various rocks, but express
also their relations to each other in point of structure
and relative age, and their connection with the existing
topography of the ground.

In the course of his journeys, Guettard amassed a
far larger amount of detailed information than could
be put upon his maps. From time to time he em-
bodied it in voluminous essays upon different regions.
The longest and most important of these is one in
three parts on the mineralogy of the neighbourhood
of Paris, in which, besides giving an account of the
distribution of the minerals and rocks, he pays special
attention to the organic remains of that interesting tract
of country, and figures a large number of shells from

- Y Atlas et Description Minéralogiques de la France, entrepris par ordre du
Roi par MM. Guettard et Monnet, 1780,
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what are now known as the Secondary and Tertiary
formations.

His natural history predilections led him to take a
keen interest in the fossils which he himself collected,
or which were sent up to Paris from the country for
his examination. He devoted many long and elaborate
memoirs to their description, and figured some hun-
dreds of them. 1 may mention, as of particular
interest in paleontological investigation, that Guettard
was the first to recognise trilobites in the Silurian
slates of Angers. In some specimens which had been
sent up to the Academy from the quarries of that
district, he observed numerous impressions of organic
remains, which he referred to sea-weeds and crustacea.
The latter he sagaciously compared to modern crabs
and prawns. They are well-marked trilobites, and
his figures of them are so excellent that the genera,
and even in some cases the species, can easily be made
out. His representation of the large [llenus of these
Lower Silurian slates is specially good. His memoirr,
read before the Academy in 1747, and published in
1762,' is thus a landmark in geological literature, for
it appeared eighty years before Murchison’s Silurian
System made known the sequence and abundant organic
remains of the Silurian rocks of Wales.

Guettard’s labours in paleontology ranged over a
wide field. We find him at one time immersed in all

1« 8Qur les Ardoisiéres d’Angers,” Trans. Acad. Roy. Sciences, 1762,
p. §52. The Dudley trilobite of the Upper Silurian limestone of
England had been figured and described by Lhuyd in his Lithophylacii
Britannici Iconographia (1699), Epist. i. p. 96 and Pl xxii. ; a figure
of it was subsequently given in Phil. Trans. 1754, PL xi. Fig. 2.
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the details of fossil sponges and corals. At another,
he is busy with the mollusca of the Secondary and
Tertiary rocks. Fossil fishes, carnivora, pachyderms,
cetacea—all interest him, and find in him an enthusi-
astic and faithful chronicler. His descriptions are
not of the minutely systematic and technical order
which has prevailed since the time of Linnzus. Yet
some of his generic names have passed into the
language of modern paleontology, and one of the
genera of Chalk sponges which he described has been
named after him, Guettardia. He had within him the
spirit of the true naturalist, more intent on under-
standing the nature and affinities of organic forms
than on adding new names to the scientific vocabulary.
His descriptions and excellent drawings entitle him to
rank as the first great leader of the palzontological
school of France.

As far back as the year 1751, when he was thirty-
six years old, he presented to the Academy a memoir
on certain little-known fossil bodies, in which he
struck, as it were, the keynote of his future life in
regard to the organic remains enclosed within the
stony records of former ages. Like a man entering
a vast charnel-house, he sees on every side proofs of
dead organisms. Others had observed these proofs
before him, and had recognized their meaning, and
he alludes to the labours of his predecessors. He
especially singles out Palissy, who, as already remarked,
was the first in France, some two hundred vyears
before, to embrace fossil shells in his view of Nature,
to maintain that they are the productions of the sea,
not of the earth, as had been supposed, and to demon-
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strate from them that France once lay beneath the
sea, which had left behind it such vast quantities of
the remains of the creatures that peopled its waters.

In Normandy, whence many of Guettard’s early
collections came, and where the people of the country
looked upon certain fossil bodies as forms of fruit—
pears and apples that had fallen from the trees and
taken a solid form within the earth—he tells how
half-witted he seemed to them when he expressed a
doubt regarding what they believed to be an obvious
truth. He recognised the animal nature of the or-
ganisms, and asserted that the so-called peaches, apples
and pears all belonged to the class of corals, though
many of them are now known to be sponges.

Of all his numerous and voluminous essays on pala-
ontological subjects, perhaps that which most signally
displays Guettard’s modern and philosophical habit of
mind in dealing with fossil organisms is a long paper
in three parts, which appeared in 1765 under the title,
“On the Accidents that have befallen Fossil Shells
compared with those which are found to happen to
Shells now living in the Sea.”! The controversy
about ¢ figured stones’ had not yet died out, and
“there were still not a few observers who continued
to believe that the apparent shells found in the rocks
of the land never really belonged to living creatures,
but were parts of the original structure of the earth.
It is difficult, perhaps, to imagine ourselves in the
position of naturalists who even as late as the middle
of the eighteenth century, could still honestly persuade
themselves that the organic remains of fossiliferous

I Trans. Acad. Roy. Sciences (1765), pp. 189, 329, 399.
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formations are entirely deceptive and never formed
part of living plants or animals. Yet unless we make
the effort to realise the attitude of men’s minds in
those days, we cannot rightly appreciate the acumen
and sagacity of the arguments with which Guettard
assailed these opinions. In much detail, and with
many admirable illustrations drawn from his personal
observations all over France, he demonstrated that
fossil shells often have attached to them other shells,
and likewise barnacles and serpule; that many of
them have been bored into by other organisms, and
that in innumerable instances they are found in a frag-
mentary and worn condition. In all these respects
the beds of fossil shells on the land are shown to
present the closest possible analogy to the floor of the
present sea, so that it becomes impossible to doubt that
the accidents which have affected the fossil organisms
arose from precisely the same causes as those of exactly
the same nature that still befall their successors on the
existing ocean bottom.

Of course nowadays such reasoning appears to us
so obvious as to involve no great credit to the writer
who elaborated it. But we must remember the state
of natural knowledge one hundred and forty years
ago. As an example of the method of explaining
and illustrating the former condition of the earth’s
surface by what can be seen to happen now, Guettard’s
memoir is unquestionably one of the most illustrious
in the literature of geology, opening up, as it did, a
new field in the investigation of the history of our
globe, and unfolding the method by which this field
must be cultivated.
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On what is now known as Physiographical Geology,
or the discussion of the existing topography of the
land, this same illustrious Frenchman left the impress
of his mind. I will cite only one of his contributions
to this subject—a memoir “On the Degradation of
Mountains effected in our Time by heavy Rains,
Rivers and the Sea.”* This work, which occupies
about 200 quarto pages, deals with the efficacy of
moving water in altering the face of the land. At
the very beginning of it, he starts with a reminiscence
from the scenes of his infancy, and weaves it into the
story he has to tell of the ceaseless degradation of
the terrestrial surface. He remembers a picturesque
crag of the Fontainebleau sandstone which, perched
above the slopes of a little valley, had been worn
by the weather into a rudely-formed female figure
holding an infant, and had been named by the peasantry
the Rock of the Good Virgin. That crag, under
which he used to play with his schoolmates, had in
the interval of less than half a century gradually
crumbled away, and had been washed down to the
foot of the declivity. In the same neighbourhood he
had noticed at successive visits that prominent rocks
had made their appearance which were not previously
visible. They seemed, as it were, to start out of
the ground, yet he knew that they arose simply from
the removal of the material that once covered them.
In like manner, ravines of some depth were in the
course of a few years cut out of ground where
there had before been no trace of them. In these

18ee vol. iil. of his Mémoires sur différentes parties des Sciences et
des Arts, pp. 209-403.
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striking examples of the general disintegration, he sees
only the continual operation of gentle rains and
heavy downpours.”*

From illustrations supplied by his own earliest ob-
servation, he passes on to others drawn either from
his personal researches or his reading, and exemplify-
ing the potent influence of heavy rains and flooded
streams. Not only are the solid rocks mouldering
down and strewing the slopes below with their debris,
but the sides of the hills are gashed by torrents, and
narrow defiles are cut in them, like the Devil's Gap
in Normandy.? He combats the notion that land-
slips, such as had occurred at Issoire in Auvergne
in the year 1733, were caused by internal fires or
subterranean winds, and agrees with a previous writer
in regarding them as the result of the penetration
of water from the surface into the interior of the
hill. He thus recognises the efficacy of subterranean
as well as superficial water, in changing the face of a
country.

He believes the sea to be the most potent destroyer
of the land, and as an instance of its power he was
accustomed to regard the chalk cliffs of the north-
west of France as the relics of a great chain of hills,
of which the greater part had been swept away by
the sea.® He shows, further, that while the hills are
worn down by the waves, by the rains, and by the
inundations to which the rains give rise, the materials
removed from them are not destroyed, but are de-
posited either on the land or along the shores of the

1%Des pluies et des averses,” Op. cit. p. 210.
1P, 214 8Pp. 220, 222.
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sea.! He further points out that the detritus of sepa-
rate river-basins may greatly differ, and that materials
may be carried into districts where the rocks are
entirely distinct from those in the areas whence the
transport has taken place. He refers to the practical
value of this observation in questions regarding the
source of minerals, ores and useful stones.?

He is thus led to give, from his wide knowledge
of France, a sketch of the character of the rocks in
the different river-basins of the country, and the
nature of the materials which the rivers have in each
case to transport. He passes in review all the large
streams that enter the Atlantic from the Rhine to
the shores of Gascony, and considers, likewise, the
Rhone with its tributaries on the Mediterranean side
of the watershed.® He infers that all the debris
derived from the waste of the land is not carried to
the sea, but that a great deal of it is deposited along
the borders of the streams, and that though it may
be removed thence, this removal must require many
ages to accomplish. He thinks that the levels of
the valleys are at present being raised owing to the
deposit of detritus in them.* The plains watered by
the rivers are one vast sheet of gravel, the streams
having changed their courses again and again, so as
to flow in turn over every part of these alluvial
tracts. The thickness of detritus brought down by
the rivers gradually increases towards their mouths.
Near their sources, on the other hand, any sediment
which is deposited is in a manner superficial, and is

1 P. 2z2. 2P, 223
8P. 225-324. 4P, 326.
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liable to continued removal and transportation farther
down.

The fragmentary material that is accumulated along
the margin of the sea is, in Guettard’s view, derived
either from what is borne down by rivers, or from
what is made by the sea itself, the whole being ground
into powder by the long-continued beating of the
waves. The sea not only acts on its shores, but on
submerged rocks, and the detritus thus produced is
mingled with the triturated remains of corals, shells,
fish-bones and marine plants.

Comparatively little information had been gathered
in Guettard’s time as to the condition of the sea-
bottom. There is thus a peculiar interest in noting
the ideas which he expresses on this subject. He
thinks that, besides what is laid down wupon the
shore, another portion of the detritus is borne away
seawards, and gradually settles down on the sea-floor.
As the nature of the part so transported must depend
on that of the material on the shore, he is led to
enter upon a minute examination of the mineral
constitution of the coast-lines of France, both on
the Atlantic and Mediterranean margins of the
country.?

He recognises that soluble substances may be carried
for great distances from the land, and may remain
dissolved in the sea-water for a very long time. He
even conjectures that it is possibly these substances
that impart its salinity to sea-water.®

From all the soundings available in his day, he
concludes that the bottom of the sea is, throughout

1P, 328, 2P, 328. 8P, 360.
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its whole extent, covered mostly with sand, which is
probably not derived from the detritus of rivers! He
observes, regarding this widely-diffused deposit, that
it might be thought to be due to the grinding down
of submarine rocks by the sea itself. But he con-
tends that ‘“ how violent soever may be the movements
of the sea, they can have but little effect, save on
those rocks which emerge above the level of the
water, the greatest storms being little felt except on
the surface, and for a short way below it.” In this
sagacious and generally accurate inference, however,
he was long before anticipated by Boyle.

Considering, further, the problem presented by the
general diffusion of sand over the bed of the sea, he
thinks that the erosive influence of the ocean cannot
be enough to account for this deposit, which is spread
over so vast an area. He concludes, therefore, that
the sand must date back to the remote ages of the
destruction of the mountains. The submarine rocks
met with in sounding are, he thinks, unquestionably
the remains of mountains formerly destroyed, and the
detached boulders similarly discovered are no doubt
the result of the destruction of these rocks, though
in some cases they may have been derived from
neighbouring islands where such exist.”

No argument against this view of the high antiquity
of the sandy sediment on the sea-floor can, he believes,
be drawn from the presence of shells, either singly or in
numbers, in this sand. These he regards as obviously
the relics of molluscs of the present time, those of
former ages having been long ago destroyed.’

1P, qot. 2Pp. 401, 402. 8P, 402.
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He remarks, in conclusion, that it follows, from
all the observations here recited, that the deposits
laid down by the sea along its shores are sandy and
loamy ; that these deposits do not extend far out
to sea; that, consequently, the elevation of new
mountains in the sea by the deposition of sediment is
a process very difficult to conceive ; that the transport
of the sediment as far as the equator is not less
improbable ; and that still more difficult to accept is
the suggestion that the sediment from our continent
is carried into the seas of the New World. In short,
we are still very little advanced towards the theory
of the earth as it now exists. All the systems which
have been devised in this subject are full of difficulties
which appear to me to be insoluble.” He proposes,
finally, to return, should the occasion present itself,
to these questions, which are “all the more interesting
the more difficult they are to elucidate.”’

It cannot be claimed that such enlightened views
regarding the subaerial degradation of the land were
now for the first time proclaimed to the world.
Guettard had been to some extent preceded by other
writers. Thus the English naturalist Ray, some
ninety years before, had pointed out how in course
of time the whole dry land might be washed into
the sea (ante, p. 74). Generelli, too, in his defence
of Lazzaro Moro, twenty years before the appearance
of Guettard’s volume, had dwelt on the evidence of
the constant degradation of the mountains by running
water, as an argument for the existence of some other
natural cause, whereby, from time to time, land was

1Pp. 402, 403.
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upraised to compensate for the universal waste. It
must be admitted, however, that no one had elabo-
rated the subject so fully until it was taken up by the
French observer, and that he was the first to discuss
the whole phenomena of denudation, apart altogether
from theory, as a great domain for accurate and pro-
longed observation.

I have reserved for mention in the last place the
discovery for which chiefly Guettard’s name has
received such mention as has been accorded to it in
English scientific literature. He was the first to
ascertain the existence of a group of old volcanoes
in the heart of France. This contribution to the
geology of the time may seem in itself of compara-
tively small moment, but it proved to be another
important onward step made by the same indefatigable
and clear-sighted naturalist, and laid the foundations
of another department of the natural history of the
earth. It became also the starting-point of one of
the great scientific controversies of the latter half
of the eighteenth and the first decades of the
nineteenth century. There is thus a peculiar interest
in watching how the discovery was made and worked
out by the original observer.

The story goes back to the early months of 1752,
for on the 10oth of May of that year Guettard read
to the Academy a “Memoir on Certain Mountains
in France which have once been Volcanoes.”' He
tells how he had undertaken further journeys for
the purpose of obtaining additional information towards
the correction and amplification of his map of France,

1 Mém. Acad. Roy. Sciences, vol. for 1756, p. 27.
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showing the distribution of his ‘“bands™ with their
characteristic minerals. He was accompanied by his
former schoolfellow and then his valued friend, Male-
sherbes. On reaching Moulins on the Allier, he was
struck by the nature of the black stone employed
for mile-posts, and felt certain that it must be of
volcanic origin. On inquiring whence the material
came, and learning that it was from Volvic, “ Volvic [”
he exclaimed, * Volcani Vicus ! and at once deter-
mined to make without delay for this probably volcanic
centre.! His excitement in the chase after an unknown
volcano seems to have increased with every step of
the journey, as more and more of the dark stone
appeared in the buildings by the roadside. At Riom
he found the town almost entirely built of the material,
which he felt sure he had now run nearly to earth.
Learning that the quarries were still some two leagues
distant, he pushed on to them, and great was his
delight to find all his suspicions amply confirmed.
He recognised the rock as a solidified current of lava
which had flowed down from the high granitic ridge
for some five miles into the plain below, and he found

1"Twenty-eight years after this discovery Guettard found himself
forced to defend his claim to be the discoverer of the old volcanoes
of Central France, and to ask his friend Malesherbes for his testi-
mony to the justice of that claim. Malesherbes accordingly wrote
him a letter giving an account of their journey to Auvergne, which
Guettard printed in the preface to his treatise, in two volumes, on
the mineralogy of Dauphiné. It is curious that, with the statements
of the two travellers long before in print, Scrope should have
published a totally inaccurate version of the journey in the first
edition of his Volcanoes of Central France, and should have repeated
it in the second edition,
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the actual cone and crater from which the molten
flood had issued.

We can follow the enthusiastic explorer with warm
sympathy as he eagerly and joyously sees at each
onward step some fresh evidence of the true volcanic
nature of the rocks around him. Though he had
never beheld a volcano, he was familiar with their
outlines, from the available engravings of the time.
Ascending a hill beyond the quarries, he perceives its
conical form to be that of a typical volcano.! As he
climbs the rough slopes, he identifies the crumbling
debris of black and red pumice, together with the
blocks of rugged spongy slags and scoriae, as mani-
festly the products of a once active volcanic vent.
When he reached the truncated summit of the hill,
what must have been his delight to behold below
him the smooth-sloped hollow of the crater, not now
belching forth hot vapours and ashes, but silent and
carpeted with grass! For centuries the shepherds had
pastured their flocks on these slopes, and the quarry-
men had been busy cutting and sending off the lava
for roads and buildings, but no one had ever suspected
that this quiet and lonely spot retained such striking
monuments of subterranean commotion.

Descending to the great lava-stream, Guettard scruti-
nized its structure as laid open in the quarries, and at
once noticed how different in character it was from any
other rock he had ever seen in France. He observed

1 Desmarest affirms that it was not the Puy de la Nugére, the
source of the Volvic lava, which Guettard ascended, but the Puy
de la Banniére, and that the former hill was unknown to him,
Encyclopédie Miéthodique, Géographie Physique, vol. i. p. 187.
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it to be divided into sheets inclined with the general
slope of the ground, but separated from each other
by layers of clay, earth or sand, as in the case of sedi-
mentary formations, yet solid, and breaking easily in
any direction, so as to lend itself readily to the arts
of the stone-mason.

Travelling southward along the base of the pic-
turesque ridge of the Puys, Guettard and Malesherbes
reached Clermont, where they procured the services
of an intelligent apothecary, who had some knowledge
of the topography of the hills. They climbed the
steep slopes of the Puy de Déme—a hill made famous
by Pascal. Everywhere they noticed volcanic debris
partially concealed under vegetation. If the view from
the first volcano above Volvic delighted the travellers,
we can imagine their amazement and pleasure when
the marvellous panorama around the highest craterless
summit spread itself like a map around them. As
their eyes ranged over that array of old volcanoes, so
perfect in form that it is difficult to believe them to
have been silent ever since the beginning of human
history, they could mark the cones rising one behind
the other in long procession on the granite ridge,
each bearing its cup-shaped crater atop.

In descending from the mountain they came upon
another crater, probably that of the Petit Puy de
Doéme, a singularly perfect example of the type, some
300 feet deep, and the same in diameter of rim, with
such regular and smooth slopes that it has been named
by the shepherds the Hen’s Nest. Everywhere they
encountered quantities of pumice, which so entirely
convinced Guettard of the true volcanic nature of the
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district, that he found it unnecessary for his immediate
purpose to examine the rest of the puys. Their Cler-
mont guide, though he had previously wandered over
the hills, had never suspected their volcanic origin;
but he seems to have learnt his lesson promptly, for
he soon afterwards, at Guettard’s request, sent some
details, and wrote about eruptions and explosions as
if he had been long familiar with their effects.

Not only did Guettard detect some sixteen or seven-
teen cones, but he observed that their craters looked
in different directions, and he thought that they pro-
bably belonged to different periods of eruption. The
travellers pushed on to the great volcanic centre of
Mont Dore. But Guettard was there less successful.
He was unaware of the influence of long-continued
denudation in altering the external forms of volcanic
hills, and was disposed to regard his ill success as
probably due to the mantle of vegetation by which
so much of the ground was concealed.

The journey in Auvergne was too brief and hurried
to admit of any single point being fully worked out.
But Guettard believed that he had amassed material
enough to prove the main question which interested
him—that there had formerly been a series of active
volcanoes in the heart of France. So he prepared
an account of his observations, and read it to the
Academy of Sciences on roth May, 1752.

This early memoir on the extinct volcanoes of
Europe must not be tried by the standard which has
now been attained in the elucidation of volcanic rocks
and the phenomena of ancient eruptions. We should
be unjust if we judged it by the fuller knowledge
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obtained of the same region of France by the more
detailed examination of other observers even in Guet-
tard’s lifetime. Desmarest, whose splendid achieve-
ments will be referred to in the next chapter, was
conspicuously guilty of this injustice. He would never
allow Guettard credit for his work in Auvergne, find-
ing fault with it because it was imperfect and inaccurate.
He wished that, before writing on the subject at all,
his predecessor had studied the ground more carefully
and in greater detail, and had attended to the different
conditions and dates of the eruptions. “Can we
regard as a true discovery,” he asks, “the simple
recognition of the products of volcanic action, when
the facts are presented with so little order and so
much confusion? Such a discovery implies a reasoned
analysis of all the operations of fire, of which the
results have been studied, so as to reveal the ancient
conditions of all the volcanic regions. Without this
it is impossible to dignify the recognition of a few
stones with the name of a discovery that will advance
the progress of the natural history of the earth.”?
Could any judgment be more unfair? As if no
discovery is entitled to the name, unless it has
been elaborated in the fullest detail and followed to
its remotest consequences! When one of Guettard’s
countrymen and contemporaries could write thus of
his claims to recognition, it is not surprising that for
the best part of a century his name should have
almost entirely passed out of mind.

That Guettard preceded every one else in the
recognition of the old volcanoes of Auvergne, and

Y Géographie Physique, Art. “ Guettard.”
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that he thus became the originator of the Vulcanist
party in the famous warfare at the end of last century,
in no way diminishes the claim of Desmarest to occupy
the foremost place among the Vulcanists, and to be
ranked as the real founder of volcanic geology. I shall
have occasion to dwell at some length on Desmarest’s
work, which for accuracy and breadth has never been
surpassed.

Guettard, having never seen a volcano, was guided
in his observations and inferences by what he had read
of volcanic countries, and what he had learnt about
lavas by familiarity with specimens of these rocks
brought from Vesuvius and other modern volcanoes.
He noted the close resemblance between the rocks
of Auvergne and the Italian lavas, not only in appear-
ance, density and other characters, but in their position
on the ground, the specimens which he had gathered
from the bottom, sides and crests of the puys having
each their own distinctive peculiarities, as in existing
volcanoes. He compared the curved lines on some of
the rocks of Mont Dore and the Puy de Dome with
the ropy crusts of certain Vesuvian lavas.

When this distinguished man stepped from the
observation of fact into the region of theory, he at
once fell into error, but the error was one which, as
we have seen, had passed current as obvious truth
for more than 2000 years. “For the production of
volcanoes,” he remarks, “it is enough that there
should be within these mountains substances that can
burn, such as petroleum, coal or bitumen, and that
from some cause these materials should take fire.
Thereupon the mountain will become a furnace, and
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the fire, raging furiously within, will be able to melt
and vitrify the most intractable substances.”! He finds
evidence in Auvergne of this presumed connection
between the combustion of carbonaceous substances
and volcanic eruptions, and he cites in illustration the
Puy de Crouel and Puy de la Poix, near Clermont,
where the black bituminous material can actually be
seen at the surface. Summing up his observations he
concludes thus: “I do not believe that the reality
of our volcanoes will now be called in question, save
perhaps from anxiety for the safety of the districts
around them. For myself, confident as to the first
point, I confess that I share in the anxiety regarding
the second. Hot springs have generally been regarded
as due to some kind of concealed volcanoes. Those
of Mont Dore rise at the very foot of the mountains;
those of Clermont are only some two leagues from
the chain of the Puys. It may very well be that their
high temperature is kept up by the same internal fires
which formerly had a communication with these extinct
volcanoes, or might now easily establish one should
they increase in activity.”?

His fears for the safety of the Auvernois were by
no means shared by the people themselves, for they
refused to believe that the Puys, which they had
known from infancy as quiet, well-behaved hills, had
ever been anything else, and they looked upon the

! Trans. Roy. Acad. Sciences for 1756, p. 52. ‘This adoption of the
time-honoured belief is severely criticised by Desmarest, but the same

belief was subsequently accepted by Werner, and became a prominent
item in the Wernerian creed.

20p. cit. p. §3.
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learned doctor’s descriptions of the former eruptions
as mere speculation of his own manufacture.

In taking leave of Guettard’s scientific labours, I
must refer to one further essay of his, on account of
its connection with his work among the old volcanoes
of Auvergne. Eighteen years after his memoir on
these hills had been read to the Academy, he published
a paper “On the Basalt of the Ancients and the
Moderns.”! The furious war over the origin of
basalt, of which I shall give some account in a later
chapter, had not yet definitely begun. Various writers
had maintained that this rock is of volcanic origin, and
we might have supposed that Guettard’s experience in
Auvergne would have led him to adopt this correct
opinion. So far from doing so, however, he entered
into an elaborate discussion to show that basalt could
not be a volcanic rock. He admitted that it is found
among volcanic masses, but he accounted for its pre-
sence there by supposing that in some cases i1t was
already in that position before the eruptions, in others
that it had been laid down upon the lavas after they
had consolidated. ¢If a columnar basalt can be pro-
duced by a volcano,” he asks, “why do we not find
it among the recent eruptions of Vesuvius and other
active volcanoes ?” After reviewing all that had then
been written on the subject, he concludes that ¢ basalt
is a species of vitrifiable rock, formed by crystallization
in an aqueous fluid, and that there is no reason to
regard it as due to igneous fusion.”? |

1 Mémoires sur différentes parties des Sciences et des Arts, tome ii.

p. 226 (1770).
20p. cit. p. 268,
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We may gather how little was then known of the
characters of modern lavas when Guettard was ignorant
of the occurrence of columnar structure among them.!
He was as hopelessly wrong in regard to the origin
of basalt, as he was with respect to the nature of
volcanic action. How this error originated will
appear in an examination of the controversy to
which basalt gave rise. But the most interesting
feature in the passage just cited from Guettard is
not his mistake about basalt, but his clear enuncia-
tion of his belief in its deposition from aqueous
solution, for he thus forestalled Werner in one of
the most keenly disputed parts of his geognosy.

I know nothing more whimsical in the history of
geology than that the same man should be the parent
of two diametrically opposite schools. Guettard’s
observations in Auvergne practically started the Vul-
canist camp, and his promulgated tenets regarding
basalt became one of the watchwords of the Neptunists.

The notable Frenchman, of whose work I have
now attempted to give an outline, must have been
a singular figure as he moved about among his con-
temporaries. Endowed with a healthy constitution, he
had strengthened it by travel, and by a hard and sober
life. At last he became liable to attacks of a heavy
lethargic sleep, during one of which his foot was
burnt. The long and painful healing of the wound
he bore with stoical patience, though often convinced
of the uselessness of the remedies applied. «1I see

1We shall find that this ignorance continued for many years
after Guettard’s time, and was characteristic of .the Wernerian
school.
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quite well,” he would say, that they want to ward
off the stroke; but they will not succeed.” The
idea of the kind of death that would terminate his
life never left his mind, but did not in the least affect
his cheerfulness. He continued to come assiduously
to the meetings of the Academy of Sciences alone
and on foot, taking only the precaution to carry in
his pocket his full address, that in case of anything
happening to him, he might be taken home. By
degrees he declined to dine with his friends, and then
went seldom to see them, quietly assigning as his
excuse the fear of troubling them with the sight of
his death. He passed away at last on the 7th of
January 1786 at the age of seventy-one years.

The kindly élge of Condorcet enables us to form
some idea of the character and peculiarities of the
man. From his childhood onwards he was eminently
religious. His nature was thoroughly frank and
honest, simple and unambitious. Scrupulously exact
in his own dealings with fact, he hated everything
savouring in the least of insincerity and subterfuge.
His transparent sincerity gained him friends every-
where ; yet he was readily irritated, and had a certain
brusqueness of manner, which perhaps detracted from
the charm of his character and led to his being some-
times much misunderstood. One of his acquaintances
once thanked him for having given a vote in his
favour. “You owe me nothing for that,” was
Guettard’s abrupt reply. “If I had not believed
that it was right to give it to you, you should not
have had it ; for I don’t like you.” Condorcet tells
how, when they met at the Academy on the occasion
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of the delivery of the customary élsges of deceased
members, Guettard, who looked on all these things
as unveracious statements, would say to the perpetual
Secretary, “ You are going to tell a lot of lies. When
it comes to my turn I want only the truth told about
me.” Condorcet, in sketching the defects as well as
the excellences of his friend’s character, remarks that
in fulfilling his wishes in the strictest sense, he is
rendering to Guettard the homage that he himself
would most have desired. So little did he try to
seem better than he was, that his defects might be
most prominent to those who merely casually met
him, while his sterling qualities were known only to his
friends. “Those who knew Guettard merely by some
brusque answer or other indication of bad temper,”
his biographer remarks, *“would be surprised to learn
that this man, so severe in appearance, so hard to
please, forced by the circumstances of his position
to live alone, had actually adopted the large family
of a woman who had been his servant, brought up
the children and watched over the smallest details of
their education ; that he could never see any one in
distress without not only coming to his help, but
even weeping with him. He bore the same sensibility
towards animals also, and expressly forbade that any
living creature should be killed for him or at his
house. He was a man who, losing control of his
words when in bad humour, had quarrelled more than
once with each of his friends, yet had always ended
by loving them and being loved more than ever by
them ; who had hurt most of his associates in his
disputes with them, but yet had preserved the friend-
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ship of several of them, and had never diminished
in any one of them the esteem which it was impossible
to refuse to his character and his virtues.”?

Guettard’s position in the history of science is that of
an indefatigable and accurate observer who, gifted with
a keen eye, well-trained powers of investigation, and
much originality of mind, opened up new paths in a
number of fields which have since been fruitfully
cultivated, but who rigidly abstained from theory or
speculation. In geology, he deserves to be specially
remembered as the first to construct, however imper-
fectly, geological maps, the first to make known the
existence of extinct volcanoes in Central France, and
one of the first to see the value of organic remains
as geological monuments, and to prepare detailed
descriptions and figures of them. To him also are
due some of the earliest luminous suggestions on the
denudation of the land by the atmospheric and marine
agents. ‘““By his minute and laborious researches he
did more to advance the true theory of the earth
(on which, however, he never allowed himself to
hazard a single conjecture) than the philosophers who
have racked their brains to devise those brilliant hypo-
theses, the phantoms of a moment, which the light of
truth soon remands into eternal oblivion.” 2

1 Condorcet’s Eloge, pp. 238, 240. 2 Condorcet, op. cit.
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Tue Foundation of Volcanic Geology. Desmarest.

TrE leading position acquired by France in the
investigation of the history of the earth, through the
labours of such men as Descartes, Buffon and Guettard,
was well maintained in the later decades of the
eighteenth century. Geology indeed as a distinct
science did not yet exist. The study of rocks and
their contents was known as mineralogy, which as a
pursuit, often of economic value, had been in vogue
for centuries. The idea that beyond the mere variety
of its mineral contents, the crust of the earth con-
tained a record of the earth’s evolution, for many
ages before the advent of man, only very slowly took
definite shape. Buffon partly realized it; Guettard
had a fuller perception of its nature, though he failed
to observe proofs of a long succession of changes
earlier than the present condition of the surface.
One of the most valuable parts of Guettard’s work
was his recognition of the existence of volcanic rocks
in regions far removed from any active volcano. We
have seen that he was led to this important deduction
by a train of observation and inference, and that
although he never worked out the subject in detail,
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the credit of the first discovery, denied to him in his
lifetime and after it, must in common fairness be
assigned to him.

Central France was the region that furnished
Guettard with his proofs of extinct volcanoes. It was
the same region that afterwards supplied fuel to the
controversy over the origin of basalt which raged
with fury for so many years, and it was from this
region also that the proofs were obtained which more
than any others brought that controversy to an end.
The story of this old battle is full of interest and
instruction. We learn from it how the advance of
truth may be impeded by personal authority; how,
under guise of the most rigorous induction from fact,
the most perverse theories may be supported; how,
under the influence of theoretical preconceptions, the
obvious meaning and relations of phenomena may
be lost sight of, and how, even in the realm of
science, dry questions of interpretation may become
the source of cruel misrepresentation and personal
animosity.

To understand the history of this controversy, we
must trace the career of another illustrious French-
man who, with less opportunity for scientific work
than Guettard, less ample qualifications in all depart-
ments of natural science, and less promptitude in
putting the results of his observations into tangible
form, has nevertheless gained for himself an honoured
place among the founders of modern geology.

Nicholas Desmarest (1725-1815) was born in humble
circumstances at Soulaines, a little town in France
between Bar-sur-Aube and Brienne, on 16th September
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17251 He was thus exactly ten years younger than
Guettard. So pinched were the conditions of his
youth that he could hardly read even when fifteen
years old. From that time, on the death of his
father, better prospects dawned upon him. The parish
priest urged his guardian to have him educated, as
far as the slender means left for his sustenance would
allow. He was accordingly sent to the college of
the Oratorians of Troyes; but the pittance available
for his benefit was exhausted by the first few terms
of his stay there. He had, however, made such
marked progress that his teachers, interested in his
career, were glad to continue gratuitously the instruc-
tion for which he could no longer pay. At the end
of his time with them, they passed him on to their
brethren in Paris.

Having made some advance, especially in geometry
and physics, he was able to support himself by private
teaching and other labours which, however, barely
provided the necessaries of life. After some ten years
of this drudgery, the studies which had been his
occupation and solace, came at last to be the means
of opening up a new and noble career to him.

The appearance of Buffon’s Theory of the Earth, in
1749, had had a powerful influence in France in
directing attention to the revolutions through which
our globe has passed. Among the results of this
influence, a society which had been founded at Amiens
by the Duc de Chaulnes, proposed in 1752 a prize

1 The biographical details of the following sketch are taken from the
well-known eloquent £/sge of Desmarest by Cuvier, Recueil des Eloges
Historigues, edit. 1819, vol. ii. p. 339,
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for an essay on the question whether England and
France had ever been joined together. The subject
caught Desmarest’s fancy, he made some investiga-
tions, sent in an essay and carried off the prize.

Cuvier, in his Elge, remarks on the strong con-
trast between the way in which Desmarest approached
his task and that in which Buffon, who had aroused
public attention to these subjects, was accustomed to
deal with them. The young aspirant to fame, then
twenty-eight years of age, allowed himself no hypo-
thesis or theory. He would not travel beyond the
positive facts and the inferences that might be
legitimately deduced from them. Dealing with the
correspondence between the material forming the
opposite cliffs of the two countries (which had already
been pointed out by Guettard), and with the form
of the bottom of the shallow strait, he passed on to
consider the former prevalence in England of many
noxious wild animals, which could not have swum
across the sea, and which man would certainly have
taken care not to introduce. From a review of all
the considerations which the subject presented, he
drew the inference that a neck of land must once
have connected England and France, and that this
isthmus was eventually cut through by the strong
currents of the North Sea.

This essay, so different in tone from the imaginative
discourses of Buffon, attracted the attention of D’Alem-
bert, and led him to seek the acquaintance of its
author. The friendship of this great man was itself
a fortune, for it meant an introduction into the most
learned, intelligent, and influential society of the day.
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Desmarest was soon actively employed in tasks for
which his knowledge and capacity were found to fit
him, and thenceforth his struggle with poverty came
to an end. Among those who befriended him, the
young Duc de la Rochefoucault was especially help-
ful, taking him on his travels and enabling him to
see much of France and Italy.

Shortly after the middle of the eighteenth century,
the Governments of Europe, wearied with ruinous
and profitless wars, began to turn their attention
towards the improvement of the industries of their
peoples. The French Government especially distin-
guished itself for the enlightened views which it took
in this new line of national activity. It sought to
spread throughout the kingdom a knowledge of the
best processes of manufacture, and to introduce what-
ever was found to be superior in the methods of
foreign countries. Desmarest was employed on this
mission from 1757 onwards. At one time he would
be sent to investigate the cloth-making processes of
the country: at another to study the various methods
adopted in different districts in the manufacture of
cheese. Besides being deputed to examine into the
condition of the industries of different provinces of
France, he undertook two journeys to Holland to
study the paper-making system of that country. He
prepared elaborate reports of the results of his investi-
gations, which were published in the Mémoires of
the Academie des Sciences, or in the Encyclopédie
Mtéthodigue. At last in 1788 he was named by the
King Inspector-General and Director of the Manu-
factures of France.
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He continued to hold this office until the time of
the Revolution, when his political friends—Trudaine,
Malesherbes, La Rochefoucault, and others—perished
on the scaffold or by the knife of the assassin. He
himself was thrown into prison, and only by a
miracle escaped the slaughter of the 2nd September.
After the troubles were over, he was once more
called to assist the Government of the day with his
experience and judgment in all matters connected
with the industrial development of the country. It
may be said of Desmarest that ¢ for three quarters
of a century it was under his eyes, and very often
under his influence, that French industry attained
so great a development.”

Such was his main business in life, and the manner
in which he performed it would of itself entitle him
to the grateful recollection of his fellow-countrymen.
But these occupations did not wholly engross his
time or his thoughts. Having early imbibed a taste
for scientific investigation, he continued to interest
himself in questions that afforded him occupation
and solace, even when his fortunes were at the lowest
ebb.

“ Resuming the rustic habits of his boyhood,”
says his biographer, “ he made his journeys on foot,
with a little cheese as all his sustenance. No path
seemed impracticable to him, no rock inaccessible.
He never sought the country mansions, he did not
even halt at the inns. To pass the night on the
hard ground in some herdsman’s hut, was.-to him
only an amusement. He would talk with quarry-
men and miners, with blacksmiths and masons, more
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readily than with men of science. It was thus that
he gained that detailed personal acquaintance with
the surface of France with which he enriched his
writings.”’

During these journeyings, he was led into Auvergne
in the year 1763, where, eleven years after Guettard’s
description had been presented to the Academy, he
found himself in the same tract of Central France,
wandering over the same lava-fields, from Volvic to
the heights of Mont Dore. Among the many puzzles
reported by the mineralogists of his day, none seems
to have excited his interest more than that presented
by the black columnar stone which was found in
various parts of Europe, and for which Agricola,
writing in the middle of the sixteenth century, had
revived Pliny’s old name of “basalt.” The wonder-
ful symmetry, combined with the infinite variety of
the pillars, the vast size to which they reached, the
colossal cliffs along which they were ranged in
admirable regularity, had vividly aroused the curiosity
of those who concerned themselves with the nature
and origin of minerals and rocks. Desmarest had
read all that he could find about this mysterious
stone. He cast longing eyes towards the foreign
countries where it was developed. In particular, he
pictured to himself the marvels of the Giant’s Cause-
way of the north of Ireland, as one of the most
remarkable natural monuments of the world, where
Nature had traced her operations with a bold hand,
but had left the explanation of them still concealed
from mortal ken. How fain would he have directed
his steps to that distant shore. Little did he dream
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that the solution of the problems presented by basalt
was not to be sought in Ireland, but in the heart
of his own country, and that it was reserved for
him to find.

Before referring to the steps in Desmarest’s progress
towards the discovery of the origin of basalt, let me
briefly sketch what was known on the subject at
the time when he began his researches. Agricola
had mentioned that this dark prismatic stone was to
be seen in different parts of Germany, and in particular
that it formed the eminence on which the old castle
of Stolpen in Saxony had been built.! It was after-
wards found to be abundantly distributed, not only
in Saxony, but in Silesia, in Cassel, and in the
valley of the Rhine above Cologne.? In these places
it is generally to be seen in detached eminences,

~frequently capping hills, and presenting its vertical

columns in rows along its edges. There is nothing
about it which in those days was likely to suggest
a volcanic origin. The exposures of it in Germany
usually belong to an older geological period than the
comparatively recent lava-streams of Auvergne, and
in the course of time the cones and craters and
scoriae, that no doubt originally marked these sites,
have gradually disappeared.

The Giant’s Causeway, too, though it displays on
a far more colossal scale the characteristic structure
and scenery of basalt, is equally silent in regard to

1 De Natura Fossilium, lib. vii. p. 315. Folio, Basel, 1546.
2 Various authors who had noticed the occurrence of basalt

before the publication of his memoir are cited by Desmarest.
Mém. Acad. Roy. Sciences, vol. for 1774, p. 726 et seq.
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its origin. The marvels of this part of the coast
of Ireland had frequently been brought to the notice
of the learned, from the latter part of the seventeenth
century onward. But here as elsewhere, it was rather
the symmetrical structure of the rock than the mode
of its formation that engaged the attention of the
older observers. Even as far back as the year 1756,
one of these writers pointed out the remarkable
resemblance of certain rocks in Nassau and in the
district of Tréves and Cologne to the Giant’s
Causeway, which by that time had become famous.?
The Western Islands of Scotland, which far surpass
the Irish coast in the extent and magnificence of their
basalt cliffs, were still unknown to the scientific world.
The first report about their wonders seems to have
reached London in the spring of 1761, when the
Bishop of Ossory sent to the Royal Society a letter
he had received from E. Mendez da Costa telling
him that “in Cana Island to the southward of
Skye and near the island of Rum the rocks rise
into polygon pillars . . . jointed exactly like those
of the Giant’s Causeway.”® But it was reserved for
Sir Joseph Banks to give the first detailed account
of the cliffs of Staffa and Fingal’s Cave, which from
that time shared with the Giant’s Causeway in the

1See Sir R. B., Pkil. Trans. xvii, (1693) p. 708; S. Foley,
xviil. (1694) p. 170, with a map and bird’s-eye view. T. Moly-
neux, J4id. p. 181 and xix. (1698) p. 209, with drawings of the
columns. R. Pocock, xlv. (1748) p. 124, and xlviii. part i. (1754),
with further figures illustrating the jointing of the columns.

2 A. Trembly, Phil. Trans. xlix. (1756) p. §81.
8 Phil. Trans. lil. (1761) p. 163,
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renown that drew a yearly increasing number of
travellers to these distant shores.!

Much had thus been learnt as to the diffusion of
basalt in Europe, and many excellent drawings had
been published of the remarkable prismatic structure
of this rock. But no serious attempt seems to have
been made to grapple with the problem of its origin.
Some absurd notions had indeed been entertained on
this subject. The long regular pillars of basalt, it
was gravely suggested, were jointed bamboos of a
former period, which had somehow been converted
into stone. The similarity of the prisms to those of
certain minerals led some mineralogists to regard
basalt as a kind of schorl, which had taken its
geometrical forms in the process of crystallization.
Romé de Lisle is even said to have maintained that
each basalt prism ought to have a pyramidal termina-
tion, like the schorls and other small crystals of the
same nature.’

Guettard, as we have seen, drew a distinction
between basalt and lava, and this opinion was general
in his time. The basalts of Central and Western
Europe were usually found on hill tops, and dis-
played no cones or craters, or other familiar sign
of volcanic action. On the contrary, they were not
infrequently found to lie upon, and even to alternate

1See Pennant’s Zour in Scotland, 1772, where Banks’ narrative
is inserted with a number of excellent engravings of the more
remarkable features in Staffa.

2In the second edition of his Crystallographie (1783) he clearly
distinguishes between crystallization and basaltic structure. The
latter he regards as due to desiccation or cooling, tome i. p. 439
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with, undoubted sedimentary strata. They were,
therefore, not unnaturally grouped with these strata,
and the whole association of rocks was looked upon
as having had one common aqueous origin. It was
also a prevalent idea that a rock which had been
molten must retain obvious traces of that condition
in a glassy structure. There was no such con-
spicuous vitreous element in basalt, so that this
rock, it was assumed, could never have been vol-
canic.! As Desmarest afterwards contended, those
who made such objections could have but little
knowledge of volcanic products.

We may now proceed to trace how the patient
and sagacious Inspector of French industries made
his memorable contribution to geological theory. It
was while traversing a part of Auvergne in the year
1763 that he detected for the first time columnar
rocks in association with the remains of former
volcanoes. On the way from Clermont to the Puy
de Dome, climbing the steep slope that leads up to
the plateau of Prudelle, with its isolated outlier of a
lava-stream that flowed long before the valley below
it had been excavated, he came upon some loose
columns of a dark compact stone which had fallen
from the edge of the overlying sheet of lava. He
found similar columns standing vertically all along
the mural front of the lava, and observed that they
were planted on a bed of scoriz and burnt soil,
beneath which lay the old granite that forms the
foundation rock of the region. He noticed still

1See for instance Wallerius' Mineralogia (1773), i. p. 336, replied
to by Desmarest, Mém. Acad. Roy. Sciences (1774), p. 753-
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more perfect prisms a little further on, belonging
to the same thin cake of dark stone that covered
the plain which leads up to the foot of the great
central puy.

Every year geological pilgrims now make their
way to Auvergne, and wander over its marvellous
display of cones, craters and lava-rivers. Each one
of them climbs to the plateau of Prudelle, and from
its level surface gazes in admiration across the vast
fertile plain of the Limagne on the one side, and
up to the chain of the puys on the other. Yet
how few of them connect that scene with one of
the great triumphs of their science, or know that
it was there that Desmarest began the observations
which directly led to the fierce contest over the origin
of basalt !

That cautious observer tells us that amidst the
infinite variety of objects around him, he drew no
inference from this first occurrence of columns, but
that his attention was aroused. He was kept no
long time in suspense on the subject. “On the
way back from the Puy de DOme,” he tells us, “I
followed the thin sheet of black stone and recognised
in it the characters of a compact lava. Considering
further the thinness of this crust of rock, with its
underlying bed of scoriz, and the way in which it
extended from the base of hills that were obviously
once volcanoes, and spread out over the granite, I
saw in it a true lava-stream which had issued from
one of the neighbouring volcanoes. With this idea
in my mind, I traced out the limits of the lava,
and found again everywhere in its thickness the
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faces and angles of the columns, and on the top
their cross-section, quite distinct from each other.
I was thus led to believe that prismatic basalt
belonged to the class of volcanic products, and that
its constant and regular form was the result of its
ancient state of fusion. I only thought then of
multiplying my observations, with the view of estab-
lishing the true nature of the phenomenon, and its
conformity with what is to be found in Antrim—
a conformity which would involve other points of
resemblance.”

He narrates the course of his discoveries as he
journeyed into the Mont Dore, detecting in many
places fresh confirmation of the conclusion he had
formed. But not only did he convince himself
that the prismatic basalts of Auvergne were old
lava-streams, he carried his induction much further
and felt assured that the Irish basalts must also
have had a volcanic origin. “I could not doubt,”
he says, “after these varied and repeated observa-
tions, that the groups of prismatic columns in
Auvergne belonged to the same conformation as
those of Antrim, and that the constant and regular
form of the columns must have resulted from the
same cause in both regions. What convinced me
of the truth of this opinion was the examination of
the material constituting the Auvergne columns with
that from the Giant’s Causeway, which I found to
agree in texture, colour and hardness, and further,
the sight of two engravings of the Irish locality
which at once recalled the scenery of parts of Mont
Dore. I draw, from this recognised resemblance
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and the facts that establish it, a deduction which
appears to be justified by the strength of the
analogy—namely, that in the Giant’s Causeway, and
in all the prismatic masses which present themselves
along the cliffs of the Irish coast, in short even
among the truncated summits of the interior, we
see the operations of one or more volcanoes which
are extinct, like those of Auvergne. Further, I am
fully persuaded that in general these groups of
polygonal columns are an infallible proof of an old
volcano, wherever the stone composing them has a
compact texture, spangled with brilliant points, and
a black or grey tint.”

Here, then, was a bold advance in theoretical as
well as observational geology. Not only was the
discovery of Guettard confirmed, that there had
once been active volcanoes in the heart of France,
but materials were obtained for explaining the origin
of certain enigmatical rocks which, though they had
been found over a large part of Europe, had hitherto
remained a puzzle to mineralogists. This explana-
tion, if it were confirmed, would show how widely
volcanic action prevailed over countries wherein no
sign of an eruption has been witnessed since the
earliest ages of human history.

Desmarest was in no hurry to publish his discovery.
Unlike some modern geologists, who rush in hot
haste into print, and overload the literature of the
science with narratives of rapid and imperfect observa-
tions, he kept his material beside him, revolving the
subject in his mind, and seeking all the information
that he could bring to bear upon it. He tells us that
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in the year following his journey in Auvergne, he spent
the winter in Paris, and while there, laid before the
Intendant of Auvergne the desirability of having the
volcanic region mapped. His proposition was accepted,
and Pasumot, one of the state surveyors, was entrusted
with the task of making a topographical map of the
region from Volvic to beyond Mont Dore. The
whole of the summer of 1764 was taken up with
this work. Desmarest accompanied the geographer,
who himself had a large acquaintance with the minera-
logy of his day. The final result was the production
of a map which far surpassed anything of the kind
that had before been attempted, in the accuracy,
variety, and clearness of its delineations of volcanic
phenomena.

At last, in the summer of 1765, after two years
of reflection, Desmarest communicated to the Academy
of Sciences at Paris the results at which he had arrived.
But even then he showed his earnest desire for the
utmost accuracy and fulness attainable. He kept back
his paper from publication. Next year he returned
to Auvergne, after a prolonged journey through the
volcanic regions of Italy, from the Vicentin and Padua
southwards to Naples and Vesuvius. In 1769 he
once more revisited the volcanoes of Central France,
extending his excursions into the Cantal. In the early
part of the summer of 1771 he again brought before
the Academy the results of his researches on the origin
and nature of basalt, embodying in his Memoir the
mass of material which his extended travel and mature
reflection had enabled him to bring together. But
it was not until three years later, viz., in 1774, that
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his long-delayed essay at last appeared in the annual
volume of the Memoirs of the Academy. Life was more
placid in those times than it has since become. The
feverish haste to be famous, and the frantic struggle
for priority, which are now unhappily so rampant, were
but little known in Desmarest’s days. He kept his
work eleven years beside him, enriching it continually
with fresh observations drawn from extended journeys,
and thus making his conclusions rest on an ever-
widening basis of accurately determined fact.

The Memoir, as finally published, was divided into
three parts, two of which appeared together, the third
not until three years later. In the first part, the author
narrated his observations in Auvergne and other dis-
tricts, bearing on the nature of basalt. It would take
too much space here to follow him through his survey
of the regions where he found the evidence which he
brought forward. Let me refer merely to the conclud-
ing pages, in which he states his opinion as to the
origin of the columnar rock which he had tracked with
such diligence from district to district. His account,
he remarks, would be incomplete if he did not indicate
at the same time the materials which have been melted
by the fire in order to produce basalt. He had
collected a series of specimens of granite which he
believed to represent these materials. They had under-
gone different degrees of alteration, some showing still
their spar, quartz or other minerals, while others had
partly undergone complete fusion. He had convinced
himself that various other volcanic rocks besides basalt
had resulted from the fusion of granite, the base of
which may have been completely melted, while the
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quartz of the original rock remained unchanged. He
was not aware that the difference of chemical com-
position demonstrates that the melting of granite could
never have produced basalt.

These ideas, which we now know to be erroneous,
might readily occur to the early observers. It is
undoubtedly true that pieces of more or less completely
melted granite are to be found among the ejections of
old volcanoes, and the inference would not unnaturally
suggest itself that if our artificial fires, kindled by the
combustion of carbonaceous substances, are sufficient to
melt rocks, the far more gigantic conflagrations of
such combustible materials, caused by natural processes
in the bowels of the earth, when concentrated at one
point underneath a volcano, may fuse the surrounding
and overlying rocks, and expel streams of molten
material. We shall find that Werner adopted this
antiquated opinion, and that through him it became
predominant over Europe, even after more enlightened
conceptions of the subject had been announced. Des-
marest does not, indeed, seem to have had at this
time, if ever, any very definite conception of the origin
of the high temperature within volcanic reservoirs.
Nor had chemistry yet afforded much assistance in
ascertaining the resemblances and differences among
rocks and minerals. His mistakes were thus a faithful
reflex of the limited knowledge of the period in which
he wrote.

In the second part of his Memoir, Desmarest gives
a historical narrative of all that had been written before
his time on the subject of basalt. The most interesting
and important passages in this retrospect are the com-
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ments of the author on the writings which he sum-
marises, and the additions which he is thereby enabled
to make to the observations already given by him.
He confesses that, had he begun his investigations
among such isolated patches of basalt as those capping
the hills in Cassel and Saxony, he would never have
been able to affirm that basalt is only a lava. But he
had encountered such perfect demonstration of the
volcanic nature of the rock, tracing it with its fresh
scorie up to the very craters whence it flowed, that
he could not allow this clear evidence to be invalidated,
or even weakened, by cases where the volcanic origin
had been more or less obscured.

It is at this point in his investigation that the genius
of Desmarest shines with a brilliance far above that of
any of his Continental contemporaries who concerned
themselves with geological problems. Guettard had
clearly indicated the volcanic origin of the puys of
Auvergne, and no great acumen was needed to follow
up the clue which he had thus given. But to trace a
pathway through the maze of lavas of many different
ages, to unite and connect them all in one method of
interpretation, and thus to remove the endless diffi-
culties and harmonise the many apparent contradictions
which beset the investigation, was a task which called
forth the highest powers of observation and induction.
Among the many claims of France to the respect and
gratitude of all students of geology, there is assuredly
none that ought to be more frankly recognised than
that, in her wide and fair domain, she possessed a
region where the phenomena were displayed in un-
rivalled perfection, and that in Desmarest she could
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claim a son gifted with the skill, patience, imagination,
and originality. that qualified him so admirably for
the laborious task which he undertook. His achieve-
ments form one of the most notable landmarks in
the early history of geology.

Desmarest, wandering over the volcanic districts of
Central France, had been profoundly impressed, as
every traveller must be, by the extraordinary varieties
in the condition of the various lava-currents. Some
of these sheets of rock retain still the dark, verdureless,
rugged surfaces which they assumed ages ago when
their molten floods stiffened into stone. Others have
lost their covering of scori®, and are seen clinging to
the sides of valleys, in positions which seem impossible
for any lava-current to have taken. Others are perched
in solitary outlying sheets on the tops of plateaux,
with no cone near them, nor any obvious source from
which they could have flowed.

Pondering on these apparently contradictory pheno-
mena, Desmarest, with the inspiration of true genius,
seized on the fruitful principle that would alone
explain them. He saw that the varying conditions
of the several lavas were due to the ceaseless influence
of atmospheric denudation. He convinced himself
that the detached outliers of basalt, capping the ridges
and plateaux are really remnants of once continuous
sheets of lava, and that their isolation, together with
the removal of their original covering of scoriz and
slags, is to be ascribed to the operations of rain and
melted snow. ‘The depth of the valleys cut through
these lava-platforms was found by him to be com-
mensurate with the antiquity of the lavas, and with
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the size of the streams that flowed between the severed
escarpments.

He ascertained that, in proportion to their antiquity,
the lava-streams had lost, one after another, the usual
outward features of the younger sheets. The super-
ficial scoriz had disappeared, and the craters were
worn away, until only scattered outliers of compact
dark rock remained. Yet between this extreme and
that of the most recent eruptions, where the lavas, in
unbroken, rugged, cavernous sheets, extend from their
craters down into the present valleys, where they
have driven aside the running streams, every inter-
mediate stage could be found.

Thus the doctrine of the origin of valleys by the
erosive action of the streams which flow in them,
though it has been credited to various writers,! was
first clearly taught from actual concrete examples by

1Thus by Lyell and Murchison it was ascribed to H. B. de
Saussure, Playfair, and Montlosier, Edin. New Phil. Journ. vol. vii.
(1829), p. 15. In England it has been more commonly assigned to
Hutton and Playfair, and to Scrope. The ascription of the doctrine
to Montlosier was singularly unfortunate. ‘That writer states that it
had been the labour of his life (he was 34 years of age at the time
he wrote) to study the valley system of Auvergne, and that he was
on the point of publishing his opinion that the valleys have been
carved out by the streams which still flow in them, when he dis-
covered that De Saussure had already published the same conclusion.
De Saussure’s second volume from which Montlosier quotes was
published in 1786. But Desmarest’s memoir, in which the subaerial
origin of the Auvergne valleys was proclaimed, had appeared some
twelve years earlier. Montlosier was acquainted with that Memoir,
for he cites it more than once. The doctrine of the carving out of
valleys by atmospheric denudation became a prominent part of Hut-
ton’s theory of the earth. See also anse, p. 121, for Guettard’s views.
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Desmarest. The first attempt to trace back the history
of a landscape, to show its successive phases, and to
connect them all with the continuous operation of the
same causes which are still producing like effects, was
made by this illustrious native of France.

So satisfied was Desmarest with the proofs furnished
by Auvergne regarding the volcanic origin of basalt,
that he coined the term ¢ basalt-lava,” with an apology
to the mineralogists, and remarked that when once
the characters of this rock have been appreciated, it
may be recognised everywhere, in spite of the most
stupendous degradation.  Casting his eye over the
map of Europe, and noting the localities from which
the occurrence of basalt had been reported, he saw
two great regions of ancient volcanic activity in the
heart of the continent. One of these lay to the east,
along the confines of Saxony and Bohemia into Silesia,
from Freiberg to Lignitz; the other stretched from
the Rhine above Cologne, through Nassau, Hesse-
Darmstadt, and Cassel.

The map which has been already referred to as
accompanying this remarkable memoir, depicts with
great clearness the grouping of the volcanoes over a
large part of Auvergne. It represents them by distinct
kinds of engraving, so as to show four classes differing
from each other in age and other characters. The
first of these classes includes the younger lava-streams,
not yet cut through by running water, and still con-
nected with their parent cones. The second embraces
those lavas which bear decomposed earthy materials
on their surface, and from which their original craters
have disappeared. In the third class are ranged those
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lavas which have been reduced to detached outliers
separated by valleys; while in the fourth, some isolated
masses are placed which Desmarest thought ‘had been
« melted in place,” or erupted where they now appear.

The third part of the memoir, though read with the
second part in 1771, was not published until 1777. In
this essay the author discussed the basalt of the ancients,
and the natural history of the various kinds of stones
to which at different times the term basalt had been
applied.

It is interesting to follow the slow elaboration of his
views through his successive memoirs. We must
remember that, during those busy years, his time and
thoughts were chiefly taken up with the inquiries
into industrial development which the Government
of the day had entrusted to him, and which necessitated
frequent and prolonged journeys, not only in France,
but in other countries of Europe. Being convinced
that the great questions in physical geography which
specially occupied his attention could best be studied in
Auvergne, he returned to that region at every avail-
able opportunity, revisiting again and again localities
already familiar to him, and testing his deductions
by fresh appeals to nature. Four years after his great
monograph on the origin of basalt had been read to
the Academy of Sciences, he presented another essay,
developing still further the ideas of denudation and
successive eruptive periods which had been briefly
sketched in his first communication. The scope of
this new effort may be judged of from its full title:
«On the Determination of Three Epochs of Nature
from the Products of Volcanoes, and on the Use that
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may be made of these Epochs in the Study of Vol-
canoes.” This essay was laid before the Academy
in the year 1775. An extract from it appeared after
the lapse of four years,! but the full paper was not
published until the year 1806%—no less than thirty-one
years after its original preparation. During this long
interval the controversy about the origin of basalt
had extended over most of the countries of Europe,
and had involved the very subjects of which Desmarest
treated. He himself, keenly as the matters in dispute
interested him, took no part in the warfare. In his
memoir he ignores the combatants and their strife,
but quietly repeats and strengthens statements which
he had published a generation before, and which, had
they been properly considered and verified, would have
prevented any controversy from ever arising. This
dispute will further occupy our attention in later
pages of this volume. In the meantime let us consider
the character of Desmarest’s long-delayed contribution
to the literature and theory of geology.

The progress of his investigations had led him to
perceive the necessity of correlating the various pheno-
mena connected with ancient volcanoes, and especially
with reference to the questions of their relative age and
of the alterations they have undergone from exposure
to-the elements. The facts known to him suggested
an arrangement of them into three groups or epochs,
which were not meant to imply definite periods of
time or precise dates, but would express the idea of

1 Journal de Physique, tome xiii. (1779), p. 115.
2 Mém. de IInstit, des Sciences Math. et Phys. tome vi. (1806), p. 219.
It was read again on 1st Prairial, An XII (20th May, 1804).
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a recognisable succession of events. His researches
had assured him that the volcanic history of Auvergne
« formed a whole, which, though incomplete, showed
that Nature had followed the same order of procedure
in the most remote ages as in the most recent times.”

In co-ordinating the appearances presented by the
different volcanic masses, he began with the considera-
tion of what were obviously the youngest, on the
principle that the last operations of Nature are simpler,
and have undergone less modification from the in-
fluences which are continually changing the face of
the land. He perceived that volcanoes are only tem-
porary accidents in the midst of the ordinary and
normal operations of nature, that the materials erupted
by volcanoes, at various intervals from a remote
antiquity, must have suffered from the universal
degradation, and that the extent of their waste would
be proportionate to the length of time during which
the loss had been continued. The latest lavas must
unquestionably present most nearly the primitive forms
of volcanic masses, and should thus serve as a standard
for comparison, to be kept before the eyes of every
observer who would judge correctly of the extent and
progress of the alteration that is to be seen in other
regions.

The first of his three periods includes the products
of still active and recently extinct volcanoes. These
are distinguished by the association of crater-bearing
cones of cinders and scoriz, with streams of rugged
lava, which can be followed from the cones into the
surrounding country over which they have flowed.
The most modern lava-streams are not cut through
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by valleys, but form continuous sheets. Yet within
the limits of this first epoch proofs of alteration mani-
fest themselves. The loose scoriz and cinders are
washed down to lower levels, the cones are attacked
and the lavas begin to be trenched. As these changes
advance, the flow of running water gradually cuts
through the sheets of lava, and forms valleys across
them. The epoch embraced all the ages required
for this erosion, and during its continuance repeated
outflows of lava took place. Each of these currents
of melted rock would seek the lowest levels, and would
thus mark the valley-bottom of its time, in the long
process of excavation.

In the records of the second epoch, the scoriz and
ashes have been swept away, the cones have entirely
disappeared, and the streams of lava have been cut
into separate patches by the erosion of the valleys,
above which they are now left perched as high plains
or plateaux. Notwithstanding the stupendous results
thus achieved, Desmarest seeks no vast terrestrial dis-
turbance to account for them. He finds their explana-
tion in the working of the very same meteoric agents
which are still carrying on the same process of degrada-
tion. The cellular parts of the lavas, under the
influence of the weather, crumble down into mere
loose earth, which is easily washed away by rain and
melted snow, leaving only the harder and more
resisting core of more solid rock. In like manner,
the loose materials of the cones are removed, until
perhaps only masses of lava remain behind that may
have solidified at their bottoms. By this series of
operations an entire transformation is wrought on the
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face of the country. Lavas which originally covered
the floors of valleys, as the ground around them is
lowered, are at last turned into high tablelands, and
are still further cut through and separated into
detached portions, according to the multiplication and
deepening of the ravines and valleys by which they
are traversed. To realise the ancient continuity of
these venerable lava-sheets, we must in imagination
fill up the valleys, and thus restore the slope or plain
over which the molten rock originally flowed.

As all the scoriz and craters are gone, the only way
of detecting an eruptive centre in the volcanic products
of this epoch is to find the point of common origin
for several streams, such points being often marked
by large isolated patches of lava (culots).

Desmarest arrives at the important conclusion that
the lavas of his second epoch were erupted before the
excavation of the present valleys out of the original
plain over which the streams of basalt were poured.
The volcanic events of which they are the memorials
must thus go back to a remote antiquity, for the
erosion of valleys is obviously an exceedingly slow
process. But these lavas are evidently much younger
than the horizontal sedimentary strata and the granite
which these strata overlie, both of these groups of
rock being also trenched by the wvalleys.

The third and most ancient epoch is denoted by a
series of lavas, which, instead of overlying the sedi-
mentary strata, underlie them or are interstratified
with them. These sediments are now recognized as
the deposits of one of the old Tertiary lakes of Europe.
Their layers are full of land-plants, land and fresh-
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water shells, and remains of terrestrial mammals. But
to Desmarest they were proofs of the former presence
of the sea over the heart of France. He inferred that
the pebbles of various lavas which he found among
these strata denoted former volcanic eruptions, before
the accumulation of the marine deposits. But he
noticed also indications of the discharge of lava
during the sojourn of the sea over this region. He
believed that his third epoch must have lasted some
considerable time, so as to permit the deposition of
600 or goo feet of horizontal sediments above the
lowest lavas.!

He remarks that from ignorance of this method of
following the sequence of eruptions and the effects
of continuous waste, naturalists had failed to detect
the existence of lavas of the second and third epochs
in districts where eruptions of the first epoch were
no longer to be recognized. These observers, he
contended, had misread the evidence of nature,
referring what were undoubtedly volcanic rocks to
deposition from water, to schists, and to pierre de
corne, and on the other hand mistaking for volcanic
craters what were only hollows dug out by running
water in the lavas of the second, or even of the first
epoch.

1In the article “ Auvergne” in his Géographie Physique, p. 882
(published in 1803), he briefly summarises his three epochs thus—¢I
have distinguished three kinds of volcanoes in Auvergne, first, ancient
volcanoes ; second, modern volcanoes; and third, submarine vol-
canoes.” Probably most of the lavas of his third epoch are rather
of the nature of intrusive sills. 'The subject of ancient volcanic

rocks interstratified among sedimentary deposits is discussed in
chapter viii.
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The sagacity of these generalisations has been amply
sustained by the researches of later times. Alike in
volcanic geology and in the doctrines of denuda-
tion, the labours of Desmarest marked the rise of a
new era in the investigation of the past history of
the earth. They showed how patient detailed research
could solve some of the most transcendently interesting
problems in geology, and how the minute and philo-
sophical investigation of one small area of the globe
could furnish principles of universal application.

In one respect, perhaps, this far-seeing observer
seems to have been almost afraid to push his views of
denudation to their logical conclusion. There occur
in Central France many flat, isolated areas of basalt,
capping detached hills and fragments of plateaux,
not apparently connected with any visible lava-current
or centre of eruption. The origin of these patches
(called by him “culots”), was explained by supposing
them to mark the positions of volcanic vents up
which the melted material had risen without flowing
out, and where it had solidified within the crater,
being retained by the encircling wall of scoriz and
cinders. The removal of the surrounding loose
material would, he thought, leave the lava as a cake
with steep scarped sides crowning the slopes below.
Possibly some of his culots originated in the way
supposed, but there can be little doubt that most of
them are remnants of lava-streams reduced to almost
the last stage by the progress of denudation.

From the long intervals which he allowed to elapse
between the presentation of his papers to the Academy
and their final publication, it might be supposed that
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Desmarest was probably of a procrastinating, possibly
even of an indolent, temperament. Yet, when we
consider the amount of work, official and scientific,
which he accomplished, we must acquit him of such
an imputation. His voluminous reports on the various
industries of France show how actively and zealously
he laboured in his official harness. But perhaps the
best proof of his indefatigable industry was his colossal
Géographie Physigue, which he undertook as part of the
famous Encyclopédie Méthodigue founded by Diderot and
D’Alembert. The exhaustive treatment of his subject
may be inferred from the fact that after devoting to
it four massive quarto volumes of from 700 to g9oo
pages each, he had only got to the letter N when
death closed his labours.

The first volume of this great work is in many
respects the most interesting. The author in his
preface tells how he means to exclude from his task
all discussion of theories of the earth, for, as he
frankly confesses, he had long looked upon these
theories as utterly opposed to the principles of Physical
Geography. But on second thoughts, as unfortunately
such theories really existed, having much the same
relation to Physical Geography that fable bears to
history, he had resolved to give a summary of the
subject, thus conforming to the practicc of some
writers who begin their histories with a brief mention
of the heroic times.! Accordingly he devotes the
first volume to notices of the more important authors
who had treated of his subject, excluding those who
were still alive. He made, however, exceptions to

1 Géographie Physique, vol. i. (1794), preface.
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this exclusion in favour of Pallas and Hutton.
Though he undertook to present merely an impartial
summary of the opinions of other writers, it is
instructive to have these summaries from the hand
of a man like Desmarest, who was contemporary .with
many of those of whom he discourses. The inter-
spersed comment and criticism in his notices are
specially valuable.

The other three volumes were devoted to descrip-
tions of places, districts, and countries, and to articles
or subjects in Physical Geography—a branch of know-
ledge which Desmarest regarded as embracing two
equally important and closely related subjects—the
interior structure of the globe and its external form.
Geology was not yet admitted to a formal place among
the sciences, but geological questions occupy a promi-
nent place in the massive quartos of the Encyclopédie
Méthodigue.*

The delays that attended the publication of Des-
marest’s important and original observations and de-
ductions respecting the volcanic geology of Auvergne
reached their climax in the case of his detailed map of
that region. We have seen that at his instigation a
topographical survey of Auvergne on a large scale was
begun as far back as 1764, and that reductions of
this map accompanied his Memoirs presented to the

1Vol. i. of the Géographie Physique appeared in An III (1794);
vol, ii. in 1803 ; vol. iii. in 1809, and vol. iv. in 1811, Among
the geological articles of interest in these volumes reference may
be made to those on Antrim, Auvergne, Basalte, Chaussée des
Géans, and Courans. Vol. v., left unfinished by Desmarest, was
continued by Bory de St. Vincent, Doin, Ferry, and Huot, and
was not published until 1828.
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Academy of Sciences. The map itself, however, with
all its elaborate detail, bearing on the history of the
volcanoes of Central France, still remained in his
hands. Year after year he sought to bring it nearer
to his ideal of perfection. Every part of the region
had been scrupulously examined by him, every puy
was set down, every crater was carefully drawn, every
current of lava was traced out from its source to its
termination, every detached area of basalt was faith-
fully represented. By a system of hachures and signs
the modern and ancient lavas were discriminated. But
he still kept the work back, and when he died it
remained unpublished.

Of all his contributions to the progress of geology,
this map must be considered the most memorable.
It was the compendium of all his toil in Auvergne,
and showed, as in a model, the structure of the country
which he had so patiently and successfully elucidated.
The reduced map published in his first Memoir and
the portions of the map issued with his second Memoir,
were all that he allowed to appear in his lifetime,
but they failed to impress the minds of his con-
temporaries, as the entire map would have done, with
its complete and clear delineation of the whole district.
Labouring after a perfection which he could not attain,
he not only lost the credit which the map would
have brought him in his lifetime, but he retarded
the progress of the sound views which he himself
held and wished to see prevail. Had this truly admir-
able map been published by him, together with a
general description of the volcanoes depicted on it, his
name would have been placed at once and by universal
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assent at the head of the geologists of his day,
and the miserable controversy about the nature of
basalt would either never have arisen, or could have
been speedily set at rest. Cuvier tells us that
Desmarest himself was fully conscious of the desira-
bility of publishing the map, but his life slipped away
as he still aimed at further improvement of it. Yet
he could not bear that other observers should enter
his volcanic region and describe its features. It used
to be said that he seemed to look on Auvergne as his
own property, and certainly he was the legitimate owner
of many of the observations made there after him.
Cuvier, who knew him well and who had watched
with interest his declining years, gives us a vivid pic-
ture of Desmarest. The illustrious geologist was little
fitted to push his way in a society where the most
successful art was that of self-advertisement. He took
no more pains about his private interest than he did
about his rights in regard to scientific discovery, im-
portuning neither the dispensers of fortune nor those
of fame. With his crust and his cheese, he said, he
needed no Government help to visit the manufac-
tories or the mountains. In short, in studying all
the processes of art, all the forces of nature, he had
entirely neglected those arts that sway the world,
because nothing which agitates the world could move
him. Even works of wit and imagination remained
unknown to him, because they did not lie within the
range of his studies. His friends used jocularly to
affirm that he would have broken the most beautiful
statue in order to ascertain the nature of an antique
stone, and this character was so widely given to him
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that at Rome the keepers of the museums felt some
alarm in admitting him. In society, too, things, what-
ever they might be, affected him on one side only.
For instance, when an Englishman was recounting
at the house of the Duchesse d’Anville the then recent
thrilling incident in Cook’s first voyage, when his
vessel, pierced by a point of rock, was only saved
from sinking by the stone breaking off and remaining
fixed in the hole, every one present expressed in his
own way the interest he felt in the story. Desmarest,
however, quietly inquired whether the rock was basaltic
or calcareous.

A character so little affected by external things
was naturally immovable in regard to relations and
habits. From the earliest days when he began to
be known, he had been engaged to pass his Sundays
at Auteuil with a friend. Ever afterwards he would
appear there on the usual day, even when his friend
was dead, and when age no longer allowed him to
enjoy the country; and as he had from the first
gone on foot, he always went there on foot until he
was eighty~five years old. All that his family could
then prevail upon him to do was to take a carriage.

Nor was he less constant in more trivial affairs.
Never did he dine or go to bed later one day than
another. Nobody remembered ever to have seen him
change the cut of his clothes, and down to his last
days his wig and his coat recalled the fashions in
vogue under the Cardinal de Fleury.

After recalling his kindliness and helpfulness to
poor inventors, for whom he ever evinced the heartiest
sympathy, his biographer concludes in eloquent words,
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with which I may fitly close this sketch of Desmarest’s
career. ‘The Academy of Sciences saw in him, as
it were, the monument of a bygone age, one of those
old philosophers, now too few, who occupied only
with science, did not waste themselves in the ambitions
of the world, nor in rambling through too wide a
range of study, men more envied than imitated, who
have supplied us with that succession of octogenarians
and nonagenarians, of which our history is full.
Living like these worthies, Desmarest fulfilled a similar
career, and reached, without infirmities or any grave
malady, the age of ninety years. He died on the
20th September 1813.

“During his protracted lifetime, he saw the Academy
twice renewed. Among so large a number of col-
leagues he doubtless recognised that there were many
who equalled or even surpassed him in enlightenment
or in mental power, but he had the happiness to be
assured that his name would last as long as that of
any one among them.”

For the sake of continuity in the narrative, I have
traced the labours of Desmarest from their beginning
to their close without adverting to those of his con-
temporaries. His views regarding the volcanic origin
of Basalt were adopted by a number of good observers,
among whom reference may be made to Raspe,1

1R. E. Raspe (1737-1794) had a singularly eventful life. Born
in Hanover of poor parents, he obtained his education at the Univer-
sities of Gottingen and Leipzig, and obtained an appointment at
the latter, where he translated the philosophical works of Leibnitz.
After various changes of occupation, he became keeper of the collection

of antique gems and medals, and began to study geological subjects.
In 1769 he communicated to the Royal Society of London a paper
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Fortis,) Dolomieu,? Faujas de St. Fond, Montlosier,
and Breislak.® But a still more numerous and more

on the former existence of mammoths in the northern regions, and
was afterwards elected an honorary Fellow of the Society. His
industry and the wide range of subjects on which he employed his
facile pen were truly remarkable. In 1775, after being sent to Italy
to collect antiquities and other objects for the Landgrave of Hesse, he
was accused of peculation, and was arrested. He succeeded, how-
ever, in escaping to England and spent there the remainder of his
life. He spoke and wrote English well, and among the works which
he published in this country was an interesting little volume entitled
An Account of -some German Volcanoes and their Productions (1776).
Turning his knowledge of minerals to account, he obtained a pre-
carious, and apparently not always honest, livelihood as a mining
prospector. He is understood to have been the prototype of Douster-
swivel in Scott’s novel The Antiguary. But his chief title to fame
must be admitted to be his authorship of the original Baron
Munchausen’s Travels. He had finally to escape to a remote part
of Ireland, and died at Muckross in 1794.

1], B. A. Fortis (1741-1803) was born at Padua and was educated
for the church in the order of St. Augustine, but was eventually
allowed to spend his time in travel, which he did with much success
in regard to the natural history and antiquities of Dalmatia and
the other tracts visited by him. He was not only a naturalist
and learned man, but also a poet and author of verses on love and
friendship. He wrote many papers on the geology of different parts
of Northern Italy, Having accompanied Desmarest in his excursion
through the volcanic parts of that region, he adopted the views of
the French geologist as to the origin of basalt, but he indulged his
fancy in supposing the heat caused by the eruptions of the Vicentin
to have been so great as to raise the temperature of the Adriatic to
such a degree as to permit tropical species to live in its waters. His
Mémaires pour servir & I'Histoire Naturelle et principalement & I'Orycto-
graphie de I'lialie et des pays adjacents were published in two volumes
at Paris in 1802.

2 See postea, p. 254

8 For notices of these geologists, see postea, pp. 255-258.
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blatant band, urged on its way by Werner, opposed
these doctrines.  Although the controversy rage