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PREFACE.

—_—

THE History of Geology and Palmontology was originally en-
trusted to Julius Ewald of Berlin. The Historical Commission
of the Bavarian Royal Academy of Sciences could not have
made a happier choice. Ewald was one of the few geologists
who had been actively engaged in geological research during
the first half of the nineteenth century; he had witnessed the
most brilliant period of the rise of geology in Germany, and
had been for a long time personally acquainted with most of
the great exponents of the science on the Continent. Unfor-
tunately it was not granted to Ewald to bring his task to
completion. A few years before his death his feeble health
compelled him to give up the work he had undertaken, and
the results of many years’ labour which he had expended upon
it were entirely lost, as his will directed that all his unfinished
manuscripts should be destroyed.

Although the present author of the History of Geology was
asked to depict chiefly the history of the growth of the science
in Germany, the nature of the subject is such that it could not
be successfully treated along national lines. All civilised
nations have shared in the development of the natural sciences,
the history of any one of which must be to a certain extent
the history of a scientific freemasonry. The questions of the
highest import in Geology and Pa]muninlngy are in no way
affected by political frontiers, and the contributions to the
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progress of these studies made by members of any nationality
can only be appreciated in their true values when held in the
balance with the general position of research at the time, and
with the discoveries and advances made by other geologists
irrespective of nationality.

In spite of some doubt and consideration on my part, it
seemed absolutely necessary to continue the History of Geology
and Paleontology to the present day. A historical exposition
of these sciences which should close with the sixth or even
the eighth decade of the nineteenth century, would be out of
date in many respects and out of touch with the modern
standpoint. My task was made more difficult by such an
extension of the subject-matter, as there has been no previous
historical work dealing with the newer researches, Further,
the mode of treatment which appeared most suitable for the
older periods could not be retained with advantage for the
treatment of the modern development. The greater and
greater specialisation and branching of the science which took
place during the latter half of the nineteenth century, seemed
to demand individual descriptions of the different areas of
research in preference to a general comprehensive survey of
the leading features in all.

The geological writings of antiquity have little scientific
value, and they are therefore only briefly indicated. Again, the
period subsequent to the downfall of the Roman Empire and
extending into the second half of the eighteenth century,
though it has contributed a number of noteworthy observa-
tions, is mainly conspicuous for its hypotheses. Whewell,
Brocchi, Lyell, and others have depicted this older develop-
ment of geology. Keflerstein’s Geschichte und Lifteratur der
Geognosie is continued to the year 1840, but for the period
from 1820 to 1840 it supplies only an enumeration of books
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and memoirs. Friedrich Hoffmann gave a much more altrac-
tive account of the history of geology, and carried it as far as
the year 1835. The history of geolozy by Sainte-Claire
Deville covers practically the same ground, but devotes more
than a third of the whole work to the writings of Elie de
Beaumont. The eight volumes of D’Archiac’s Histoire des
Progres de la Géologie provide for the period 1834 to 1850,
afterwards continued to 1859, an exhaustive discussion of all
the geological publications that appeared during this time,
but is a work intended primarily for the specialist. The
chief work and the later historical writings of this eminent
Frenchman gave the predominant place to French authors,
and owing to his defective knowledge of German, the con-
tributions in that language met with scant attention.
H. Vogelsang’s Philosophie der Geologie contains an interesting,
but very subjective, historical introduction, wherein the progress
of petrographical knowledge is more especially considered.
Valuable contributions to the history of geology have been
made by the fluent pen of Sir Archibald Geikie. His ad-
mirable biographies of Sir Roderick Murchison and Sir Andrew
Ramsay offer far more than the title indicates. With unsur-
passed literary skill and scientific mastery of the subject, they
describe the development of geology in Great Britain during
the lives of these illustrious geologists. Ina course of lectures
on the Founders of Geology, Sir Archibald Geikie has given a
series of admirable biographies from which may be culled
a connected account of the early advances in the science of
geology.

I have derived information from all the above-mentioned
works; but it has usually been my endeavour to consult the
original sources, and to form my own judgment independently
of all books of reference. Where critical treatment was called
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for, I have tried to preserve the strictest impartiality; in the
case of controversial matters which have already arrived at a
solution, T have limited myself to the objective attitude of the
historian.

The original works of reference are cited at the conclusion
of each chapter, and will prove useful to the more special
student of the subject.

Whether I have succeeded in the difficult task of writing
a History of Geology and Paleontology that will satisfy the
specialist and also commend itself to every man of culture,
must be left-for my readers to decide.

KARL A. VON ZITTEL.
AMunicH, June 1899.



TRANSLATOR’'S NOTE.

-

THE text of the original has been somewhat curtailed in the
translation, both in order to meet the wish of the author, and
to secure uniformity with the other volumes of the Con-
temporary Science Series. I have omitted entirely a chapter
of seventy-seven pages on Topographical Geology, which was
more special in character than any of the other chapters. I
have also omitted the lists of books of reference, taking care
to embody in the text all the more important publications;
and have condensed the subject-matter wherever it seemed
possible to do so without detracting from the scientific
value of the Hisfory. These changes have been made
with the author’s approval. It only remains to add that,
as a former pupil of Geheimrath Professor von Zittel’s, and
one who bears very grateful feelings towards him, it has
afforded me great pleasure to translate this work.

MARIA M. OGILVIE-GORDON.

ABERDEEN, Oclober 1901,



HISTORY OF GEOLOGY AND
PALAONTOLOGY.
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INTRODUCTION.

FirsT PERIOD—GEOLOGICAL KNOWLEDGE IN THE AGES
OF ANTIQUITY.

In all ages there have been men who have given serious
thought to the historical aspect of our terrestrial home, to its
origin and its development; but any clear conception of the
beginning of the Earth—Dbased, that is, upon scientific facts—
was as remote from the most cultured nations of antiquity as
it is at the present day from the barbarous races of mankind.
The polymorphous myths of the Creation represent the varying
ideas which were formed regarding natural phenomena; the
limit of the spiritual field of vision determined the wider or more
circumscribed flights of imagination. The wide chasm between
the childish Saga of Creation handed down by the Bushmen,
Australians, Eskimos and Negroes, and the grand poetic
conceptions of the Aryan-Germanic races of Europe, conveys
to us the immense difference at that time in the condition of
culture and intellectual capacity of these peoples,

Tradition has preserved to us the cosmogenetic and geo-
genetic views of the civilised races of the Mediterranean
countries and of Asia, and these arouse our admiration by
their poetry and philosophic depth. But there was no trace
either of exact observation of natural phenomena, or of logical
deduction from such observations.

Amongst the ancient stories of the Creation the Babylonian
and Jewish accounts are pre-eminent for their intuitive skill
and for the excellence and conciseness of their language. The
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traditions of the Babylonians are recorded in the cuneiform
inscriptions found in the ruins of Nineveh. Creation begins
with Chaos. The gods arose before heaven and earth bad
taken shape, while the tumultuous floods of oceans were still
intermingled in the universal chaos. The gods chose Marduk
to be their champion against Tiamat, the disturbing, chaotic
ocean-flood. Marduk armed himself with lightning flash and
thunderbolt, and called the winds to his assistance. Marduk
vanquished Tiamat, and divided his corpse into two parts;
from the one part he created the heavens, and from the other
the earth and the sea. Marduk peopled the heavens with stars,
the dwellings of the great gods. Then followed the creation
of plants and animals, and finally the creation of the two first
human beings out of clay. The evident agreement of the
Babylonian and Jewish conceptions becomes even more ap-
parent in the account of the Deluge, which was at first only
known to us from the epic of Berosus, but has now also been
discovered in cuneiform inscriptions.

The Mosaic account of the Creation far excels the Baby-
lonian in its noble simplicity and in the strength and beauty of
the language. In it the origin of the world, of the earth and
its inhabitants, 1s represented as the work of a personal
Almighty God. The Jews were alone among the great nations
of antiquity in realising the godhead as a unity—all-powerful,
all-embracing. The Mosaic account was incorporated in the
Bible of the Christian Church, and, unfortunately, became
invested with a scientific value by the Church, This retarded
the development of geology for many centuries, inasmuch as
theologians regarded the Mosaic account as a divine revelation,
an essential dogma of the Christian Church, and sought to sup-
press any investigations and writings of scientific interest which
did not harmonise with it.

While certain natural events, such as earthquakes, floods,
and sometimes volcanic eruptions, recur in the primitive tradi-
tions of the different nations, these cannot be regarded as
affording a basis of geological facts; their interest is rather
mythological and religious than scientific,

The Greeks were less inclined than the Oriental nations to
interweave the ideas of mythology, religion, and science; they
viewed natural events from a more critical standpoint, and
treated them as subjects of philosophical speculation. Various
hypotheses were formed to explain the beginning of the earth,
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Hesiod’s “ Theogony” is the oldest of the Greek cosmogonies,
but from what we know of it, the speculations of this early
Greek philosopher were rather brilliant flights of fancy than
efforts to assimilate observations of natural phenomena.
Thus, the world 1s said to have taken origin from a primeval
chaos, and to have given birth to the heavens, the mountains,
and the oceans; then the races of gods sprang from the earth
and the heavens.

Thales of Miletus, the contemporary of Creesus and Cyrus,
considered that everything, animate and inanimate, was derived
from water. His gifted scholar, Anaximander (born ¢irea 611
B.C.), arrived at a higher conception of Nature. He depicted
an infinite, all-pervading primeval substance, possessing an
inherent power of movement from the first. The energy of
this primeval matter determined heat and cold, and the mix-
ture of these conditions gave origin to the development of
fluid; the earth, the air, and a surrounding circle of fire
differentiated from the fluid state. The stars sprang from fire
and air; the earth rested in the centre of the whole universe,
and under the influence of the sun brought forth the animals
which 1nhabit it. These, including human beings, were at
first fish-like in form, consistent with the semi-fluid state of
their environment. Thus Anaximander had the merit of
appreciating certain physical states as attributes of universal
matter; his work, mepi ¢pioews, is unfortunately lost,

Xenophanes of Colophon (born 614 B.C.) is reported by
later writers to have observed the shell remains of pelagic
mollusca on mountains in the middle of the land, impressions of
laurel leaves in the rocks of Paros, as well as various evidences
of the former presence of the sea on the ground of Malta, and
to have attributed those appearances to periodic invasions of
the sea during which men and their dwellings must have been
submerged. The historian Xanthus of Sardis (¢/7¢a 500 B.C.)
also drew attention to the occurrence of fossil shells in
Armenia, Phrygia, and Lydia, far from the sea, and concluded
that the localities where such remains occur had been for-
merly the bed of the ocean, and that the limits of the dry
land and the ocean were constantly undergoing change.

Herodotus (born 484 B.c.) mentioned the presence of fossil
shells of marine bivalves in the mountains of Egypt and near
the oasis of Ammon. From this fact, as well as from the salt
constitution of the rocks, Herodotus formed the opinion that
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Lower Egypt had been at one time covered by the sea, and
that the material carried down by the Nile had been discharged
into the sea-basin between Thebes and Memphis and the
present delta, and gradually filled it up. Herodotus could not
form any definite opinion as to the cause of the Nile inunda-
tions, although he gave a careful report of the hypotheses then
in favour.

Heraclitus (born 535 n.c.) thought there was in the universe
nothing stable, nothing lasting. Everything was in a state of
constant change, like a stream in which new waves endlessly
supplant the old. For him fire was the primeval force, which
unceasingly transformed itself, pervaded every portion of the
universe, produced mdwtduals and again destroyed them.
Fire became the ocean, and that again earth, and the breath
of life. The rising vapours burned in the air and formed the
sun, which was renewed from day to day. Thus Heraclitus
taught that although the universe always had been and always
would be, no portion of it had ever been quiescent, and that
from time to time a new world was constructed out of the
old.

Pythagoras, who was born at Samos about the year 582 B.c,
and afterwards went to Crotona in Italy, is one of those
eminent leaders of thought around whose name and teaching
much that is mythical has gathered. The exponents of his
teaching in subsequent ages too often attributed to the early
Pythagoreans conceptions which were in reality foreign to the
doctrines of the great master himself, and it is extremely
difficult to disentangle the threads of original thought from the
confused web of tradition. It is clear that the Pythagoreans
indulged more in abstract speculation than their predecessors,
and gave less attention to observation of nature. They sought
to explain natural phenomena chiefly by analogy with definite
numerical relationships. An ordered universe depended,
according to the Pythagoreans, upon the principle of numbers.
Consequently the properties of numbers, individually con-
sidered, in sequence, and in combination, were investigated
with a zeal which enabled the school to lay the foundation of
important mathematical advances. In applying the principle
of numbers to musical sound, Pythagoras is reputed to have
arrived at a true conception of musical intervals and to have
established the theory of the octave. On the other hand, the
Pythagoreans were less happy in their application of the limita-
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tion of numbers to the physical problems of the universe, and
lost themselves in forced analogies and conjecture regarding
the ‘‘harmony of the spheres.” According to Diogenes
Laertius, Pythagoras imagined the universe in the form of a
sphere. The earth was in the centre, and bore the axis around
which the firmament revolved. The moon, the sun, Mercury,
Venus, Mars, Jupiter, and Saturn described circular paths
round the earth, and the harmonic motion of these bodies
called forth the music of the spheres. The Pythagorean
Philolaus improved on this conception. He described the
universe as a system comprising ten heavenly bodies—the five
planets, the sun, the moon, the earth, and a counter-earth
which moved from west to east round a “central-fire.” The
earth turned one half towards the central-fire, whilst the other,
or inhabited half, received light and heat from the sun.
Entirely beyond the circles of this system lay the fixed stars
and the illimitable ether from which the universe drew its
breath.

The principle of constant change taught by Pythagoras and
Heraclitus is also a leading feature in the doctrines of
Empedocles of Agrigentum (492-432 B.C.). Empedocles sup-
posed that everything had its origin in, and took its components
from, four elements (earth, water, air, and fire); that these
elements were without beginning and imperishable, but subject
to never-ending change. From these elements the world at
one time took shape, and it must at some future time be again
dispersed. The course of the world’s existence resolved itself
into a history of recurring periods and phases. As Empedocles
did not concern himself about an empirical basis for most of
his theories, it is of little avail to enter into his physical and
biological speculations. Geology, however, owes one distinct
step in advance to this philosopher. Whereas the Pythagoreans
had conjectured the presence of a central fire in the universe,
Empedocles taught that the earth’s centre was composed of
molten material. Empedocles formed this opinion on the basis
of his actual observation of the volcanic activities of Mount
Etna. Tradition says that he met his death by falling into the
crater of that volcano,

Leucippus and Democritus of Abdera (circa 490 B.C.) were
the founders of the school of atomic philosophy, which of all
the Greek systems approaches most nearly to the opinions of
the present day. According to Democritus, the only realities



6 HISTORY OF GEOLOGY AND PALZEONTOLOGY.

are atoms; nothing that exists can be destroyed; change
takes place in virtue of the combination or separation of
atoms. Atoms are always in motion and are endless in
number and variety; they move about in space; they
press upon one another in every direction; they assume
eddying movements which give origin to new worlds: but
everything happens according to a definite sequence of law, and
nothing by chance. Even the soul consists of very finely
divided atoms which permeate the' body and call forth the
phenomena of life.

In opposition to the materialistic view of the atomic philo-
sophy, Anaxagoras of Clazomenz (born 501 B.C.) regarded the
soul (vots) as in itself a conscious, moving force. In his cosmic
philosophy he supposes an original chaos in which a circular
movement gives place to a universe, and at the same time
effects a differentiation of ether, air, and water. The earth
rises from the water, and receives seeds from the air which
develop into living plants and amimals, The earth is poised
as a cylinder in the centre of the whole universe, and the stars
move round it.

As the influence of the Sophists and Platonic philosophy
came more into ascendency, it tended to elevate dialectic and
speculative methods and to depreciate the investigation of
natural phenomena. Cultivated and gifted as the Athenians
DIE this epoch were, natural science owes but a small debt to
them.

Plato (427 B.c.), in his Cosmology, is a follower partly of
Heraclitus and partly of Anaxagoras. According to Plato, the
universe is the production of divine intelligence and of the
necessary development of nature. The form of the whole
universe is spherical; in the centre lies the earth as a motion-
less sphere; around it are the sun and the planets, and the
fixed stars occupy the outermost circle. All the heavenly
bodies are inhabited ; the atoms composing them are indivisible,
and unite along definite limiting surfaces ; the universe itself is
unchangeable and indestructible.

An interesting account is given in the “Timeus” of a
submerged Atlantic continent (Atlantis) on the other side of
the Pillars of Hercules (Gibraltar). The idea of such a sub-
merged continent has again received credence in recent geo-
logical researches. In Plato’s account Atlantis was larger than
Asia and Libya together, it had been inhabited gooo years
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before his time, and since its destruction by earthquakes and
inundations navigation in the Atlantic had been impossible
owing to the fine mud and detritus left by the vanished land.
The work of Aristotle (384-322 B.c.) marks the culminating
point reached by the Greeks, both in the domain of speculative
philosophy and in that of empirical observation. Although
the physical and geological researches of the great Stagirite
embrace less of original discovery than his researches in
zoology and physiology, they group and define more precisely
the best results of the Eleatic, Pythagorean, and Atomic
philosophers, re-animate them with new thoughts, and fre-
quently place them on a true scientific basis. Aristotle departs
from the atomic philosophers in assuming that matter is diverse
in quality, and that the universe is divided into an earthly and
a heavenly half; the imperishable ether belongs to the heavenly
half, while the four elements, earth, water, air, and fire, com-
pose the earth and the planets. The earth forms, in Aristotle’s
conception, the stationary centre of the universe round which
the planets move to the left; beyond their orbits is the great
ethereal circle of the heavens in which the stars move towards
the right. The development of the earth is comparable with
that of an organism ; it has periods of growth, maturity, and
decay. During recurring periods of rejuvenescence the lower
animals take origin in the mud of the earth, and from them
develop, by sexual generation, the higher groups of animals.
The plants are related to animals, and the different kinds of
animals to one another by numerous transitional forms. Aris-
totle’s works seldom treat special geological questions, and his
meteorology, although it discusses earthquakes, the alternation
of continent and ocean, the Deucalion flood and inundations
of the Nile, does not contribute much that is new.
Theophrastus of Lesbos (368-284 B.C.), the most famous
pupil of Aristotle, devoted himself chiefly to scientific studies.
In addition to his valuable botanical treatises, he gave much
information about minerals and fossils in a fragmentary treatise
“On Stones.” A special work on fossils, with which Pliny
was apparently acquainted, has since been lost. .
The Encyclopwdists of the Alexandrine school occupied
themselves chiefly with astronomy, mathematics, and geo-
graphy. Eratosthenes (276-196 B.C.) by his measurement of
the degree in Egypt for the first time laid the foundation
of a more exact estimate of the size of our planet. He
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also gave expression to various hypotheses regarding the
relationship of mountain-chains, the action of water, and the
presence of the ocean above the continent, as indicated
by the occurrence of oysters “and other marine organisms
in the Libyan deserts on the way to the oasis of Ammon.
Eratosthenes taught that the changes of form accomplished
by means of water, by volcanoes and earthquakes, and by
fluctuations of the sea, are insignificant in proportion to the
size of the whole earth.

Thus it will be seen that the majority of the older Hellenic
philosophers gave their attention to speculative considerations
on the origin of the universe and the earth; but under
the manifold activities of the Roman empire, a new and
more realistic spirit became infused into the investigations
of the great thinkers. Amongst these the first place must
be given to the historian and traveller Strabo (born circa
63 B.c), whose geography, comprising seventeen volumes,
was written about the beginning of the reign of Tiberius.
Strabo had a thorough mastery of the Greek literature, and in
reference to the occurrence of the above-mentioned fossils 1n
the Libyan desert, he agreed with the Greek philosophers that
the sea had once covered certain portions of the land, but he
also pointed out that the same district may sometimes rise, some-
times sink, and fluctuations of the sea-level are associated with
such movements of land-surfaces. He further taught that eleva-
tions and subsidences of the land are not confined to indi-
vidual rocks or islands, but may affect whole continents; that
Sicily, Procida, Capri, lL.eucosia, the Sirenian and (Enotrian
islands bad been separated from Italy by earthquakes, and
that probably all islands off the shores of continents had origin-
ally formed part of the mainland. The oceanic islands far from
any mainland have, according to Strabo, been thrown up by
subterranean fires. In support of this view Strabo cited the
case of a volcanic eruption in the year 196 B.C. between
Thera and Therasia. For four days flames rose from the ocean,
and as these died down it was observed that a new island
had been formed, measuring twelve stadia in circumference.
Again, near Methone in the Hermionian Sea, a mountain,
seven stadia high, had been thrown up during outbursts of
sulphurous vapours and fire; and the town of Spina, near
Ravenna, formerly a seaport, was now ninety stadia inland.
Strabo is therefore rightly regarded as the father of modern
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theories of mountain-making, and we owe to him, moreover,
the hypothesis that volcanic outbursts act as safety-valves for
the pent-up activities of subterranean vapours. He pointed out,
that Sicily in his time was less frequently disturbed by earth-
quakes than it had been in previous ages before volcanic
discharges were known in the district, and he correlated the
comparative tranquillity of the ground with the means of
escape afforded for explosive underground vapours by the
volcanic vents that had opened at Etna, in the Lipari Isles, and
in Ischia. It speaks highly for Strabo’s powers of observation
that he should have recognised in Vesuvius a volcanic moun-
tain although it was then quiescent.

Probably the most acute scientific observer of Roman times
was Seneca, the physician of the Emperor Nero (born 2 or 4
B.C., died 65 A.D.). Quite recently, Nehring has placed
the importance of the work of Seneca in its true light.., The
Queestiones Naturales contain detailed communications about
earthquakes, volcanoes, and the constructive and destructive
agencies of water. Seneca explains earthquakes partly as a
result of the expansion of gases accumulated in the earth,
partly by the collapse of subterranean cavities. He regards
volcanic eruptions simply as an intensified form of the same
series of phenomena, and volcanoes themselves as canals or
vents between local sub-terrestrial reservoirs of molten material
and the earth’s surfacee. He names the chief volcanoes,
placing Etna in the first rank ; then Stromboli, Therasia, and
Thera (the present “Santorin”), but there is no mention of
Vesuvius. He regards the earth as primitively a watery chaos,
and it is more especially in his treatment of the action of water
in dissolving and carrying away rock-material, together with
his explanation of the origin of sediments and deltas, that
Seneca has shown his remarkable insight and sound judg-
ment.

The learned historian, Pliny the Elder (23-79 A.D.), has
handed down to us a compendium that embraces the whole
scientific knowledge of antiquity. His Historia Naturalis, in
thirty-seven books, embraces the natural history of animals,
plants, and stones, the history of the heavens and the earth,
of medicine, of commerce, of navigation, etc.; in Lib. II,
c. 88 and 89, all the islands that have been thrown up in the
ocean are enumerated—Delos, Rhodes, Anaphe, Nea, Alone,
Thera, Therasia, Hiera, Automate, and Thia. The reports
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about volcanoes, earthquakes, and fossils, occurring here and
there in this work, are not always trustworthy. They seem,
in most cases, to have been based on indirect informa-
tion. By a tragic decree of fate, the untiring student and
naturalist met his death while engaged in observing the
grandest geological event of antiquity, the first outbreak of
Vesuvius in the year 79 A.D. Pliny the Younger describes the
death of his uncle in two letters to Tacitus, recounting how
at the beginning of the eruption the elder Pliny was stationed
at Misenum as Commander of the Fleet, but went at once to
Stabia to bring help to the sufferers and to witness the great
drama of nature. He died in the open field, probably suffo-
cated by the volcanic vapour and ash. His corpse was found
unharmed three days later, when the darkened sky gradually
became clear. The younger Pliny’s vivid description of the
eruption of Mount Vesuvius, and the accompanying earth-
quake, is one of the most remarkable literary productions in
the domain of geology. It is certainly curious that he should
have omitted to mention the earth-tremors at Herculaneum,
Pompeii, and Stabia, confirmation of which has however been
given by Dio Cassius.

A poetic account of an eruption of Mount Etna is happily
amongst the fragments that have been preserved from the
works of Lucilius, the poet in the second century A.nD. Alto-
gether this volcano played a very important 74/ in the litera-
ture of the ancient writers. Nor were the Romans devoid
of interest in fossils: Suetonius relates that the Emperor
Augustus decorated his villa in Capri with huge fossil bones,
which at that time were held to be the remains of a giant
race.

If we pass in review what antiquity has bequeathed to us of
actual geological knowledge, we find our heritage surprisingly
meagre. The tendency of eastern races towards the fanciful,
and of the Greeks to philosophical speculations, brought forth
an abundance of hypotheses about the origin of the universe
and the development of the earth; and even although some of
these may in part coincide with accepted scientific conceptions
of the present day, it has to be remembered that in these
cases the early hypotheses were rather happy ‘' guesses at
truth,” than general theories founded inductively upon a series
of ar:curately observed data.

Far more valuable than the most ingenious speculations are
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the occasional remarks and observations about volcanoes,
earthquakes, fluctuations of level in the land-surfaces, the
action of water, and other phenomena of dynamic geology, as
well as the scattered notes about the occurrence of fossils.
On the other hand, not a single writer of the ancient world
showed any interest in the firm earth-crust, not one observer
gave a thought to the composition of the rocks. Not the
most acute thinker of those cultured peoples had even a
shadowy premonition of the value that might appertain to
fossils as witnesses of a sequence of events in the history of
our earth. None suggested that our planet might have passed
through a succession of changes before attaining to its present
physical condition and configuration ; still less, that particular
phases in the history of change might be deciphered from the
character and superposition of the rocks. The evolution of
the earth and its denizens, which is at the present day the
great problem of geological and biological research, played no
part in the literature of antiquity; fanciful hypotheses and dis-
connected observations cannot te acknowledged as scientific
beginnings of research.

SecoND PrriIOD—THE BEGINNINGS OF PAL/EONTOLOGY
AND GEOLOGY.

The downfall of the Roman Empire dealt a severe blow to
literary progress and healthful interest in natural phenomena.
The collapse of imperial power, the revolutionary instincts and
unrest, the variable migration of the races, the protracted
struggle between decaying heathendom and rising Christianity,
the personal wars of jealousy and greed in which Europe was
plunged during the greater part of the Middle Ages, all
combined to check any spontaneous desire towards scientific
investigation.

A barren scholasticism took refuge in the monasteries and
cloister schools. The attitude of the Schoolmen, while it
made much of logical distinctions and the critical interpreta-
tion of old doctrines, was unfavourable to the direct observation
of nature. For many centuries (8oo-1300 A.D.) the Arabs were
the only nation in which the true spirit of ancient culture and
inquiry was kept alive. At great sacrifice they obtained
possession of the classical works of antiquity, translated them
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into Arabic; and the Caliphs, Al Mansur, Har(in-al-Raschid,
and Al Mamfin, endeavoured to attract to their courts the best
scholars of all countries. Thus they handed down to posterity
many of the most valued treasures of ancient learning, and
they appreciably contributed to the knowledge of mathematics,
astronomy, alchemy, medicine, and zoology. Geology and
paleontology, however, the kindred studies of the rocks and
their fossil contents, were almost neglected by them.

It was not until the close of the Middle Ages, in the fifteenth
century, that a revival of learning spread through Europe. The
discovery of the art of printing brought books within the reach
of many. The keen interest in classical authors displayed
by the leaders of the Humanist movement infused new lile
and activity into mental effort in every branch of knowledge.
Universities, learned societies, and academies were founded.
The methods of dogmatism were cast aside with the decay of
scholasticism. Copernicus the Prussian (1473-1543) absorbed
the best learning that Italy could give him, and rewarded the
care of his foster-country by unfolding to futurity the system
of the universe that bears his name. The Reformation gave
an impulse to all men to think for themselves, and no longer
to accept blindly the traditions of past ages. Columbus,
Vasco da Gama, and other bold navigators added the Western
Hemisphere to the former domain of geographical knowledge.
And if less imposing, still no less certain, was the steady
advance made in natural science under the influence of the
healthier tone that prevailed. Men turned in earnest from

! Ttaly led the way in founding academies during the era of the Renais-
sance of literature and research. The **Platonic Academy ™ was the name
given to a group of learned men who were under the patronage of Cosmo
di Medici, in Florence; but this sociely had no definite organisation. The
Academy in Padua, founded in 1520, must therefore be regarded as Lhe
oldest scientific society, although it was not long in existence. In 1560
an Academy of Natural Science was founded at Naples, and in 1500 Lhe
Academy dei Lincei in Rome was founded by the Marcese de Monticelli.
It was not until the middle of the seventeenth century that the scientific
academies of France, England, and Germany came inlo existence; then
-were established the Académie Frnngaise in 1633, the Royal Society of
London in 1645 (established in 1662 with incorporated rights), the
Academie des Sciences in Paris in 1666, and the Akademie der Wissen-
schaften in Berlin in 1700. In 1725, Ilmpress Catherine founded the
Academy in St. Petersburg, and in the same year the Royal Society of
Sciences was formed in Upsala. Since that time scienltific societies have
been founded in most of the large universily towns.
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the desultory literary method of treating nature, to the more
direct, more exacting system of observation and description.
Plants, animals, and rocks were studied with enthusiasm, were
examined, described, figured, and classified, so that in a rela-
tively short space of time a [airly extensive botanical, zoological,
and mineralogical literature sprang into existence.

Various Opinions about Fossils,—The Greek and Roman
writers had correctly realised that fossils represented the
remains of animals and plants, and most of the ancient writers
had explained their preservation in the rocks as the result of
great natural catastrophes which had changed the localities of
land and water, and brought the swarming denizens of the sea
into the middle of continents, burying them there. During the
medizval Scholasticism no progress was made in the study of
fossils. Avicenna (98o0-1037), the Arabian translator and com-
mentator of Aristotle, became imbued with Aristotle’s theory of
the self-generation of living organisms, and tried to extend it to
the case of fossils. Avicenna suggested that fossils had been
brought forth in the bowels of the earth by virtue of that
creative force (vis plastica) of nature which had continually
striven to produce the organic out of the inorganic, and that
fossils were unsuccessful attempts of nature, the form having
been produced but no animal life bestowed.

The famous Albertus Magnus! takes the same standpoint
more than two hundred years later. He assumes a wirfus
formativa in the earth as the origin of fossils, although he
allows that the remains of plants and animals may be turned to
stone in places where agencies of petrefaction are at work.

With the dawn of the fifteenth century began that long series
of disputes about fossils which lasted more than three centuries.
The questions under discussion were, whether fossil organisms
had taken origin from a vis plastica, or from living seeds carried
in vapours from the sea, or from any living force in the earth
itself; whether they might be regarded merely as illusory sports

1 Albert von Bollsteedt, called Albertus Magnus, was born at Laningen
in Swabia in 1193; studied at Padua and Bologna, took Dominican orders
in 1222, lectured for several years in the cloister schools of Cologne,
Hildesheim, Freiburg, and Regensburg, and taught in Paris between the
years 1245-48. He returned then to preside over the High School at
Cologne, and was made Bishop of Regensburg in 1260. This post he
resigned aflter two years, and devoled himself, at Cologne, to his works on
philosophical an: theological themes unlil his death in 1280.
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of nature, or as mineral forms, or if they really were the
remains of animals and plants that had once lived, and had
been brought by the Flood or some other catastrophe into their
present position.

The world-famed artist and architect, Leonardo da Vinci
(1452-1519), took part in the discussion. He had in his youth
been engaged as an engineer in the construction of canals in
North Italy, and had then seen numerous fossils in position
in the rocks. The opinions he formed regarding them are
remarkable for their clearness and correctness. Leonardo said
that the marine organisms scattered in the earth in the form of
fossils had actually lived where we now find them. The sea at
that time covered the mountains of North Italy: the river-mud
brought to the sea from Alpine lands filled the shells of dead
mussels or snails, and accumulated on the sea-floor; afterwards
the mud deposits became dry land, and the fossils found in
them were the casts of the ancient cells. He ridiculed, as
absurd and unscientific, the idea that such perfect models of
living organisms could have taken origin in the rocks under
hypothetical creative influences of the stars.

The Neapolitan, Alessandro degli Alessandri (1461-1523),
mentions petrified conchylia in the Calabrian mountains, and
ascribes their presence to an inundation of the continent by
the ocean, caused by some exceptional catastrophe, or by a
change in the axis of rotation of the earth.

Fracastoro,! in the year 1517, gave clear expression to his
convictions about fossils, which were in accordance with those
of Leonardo da Vinci. During the building of the citadel of
San Felice in Verona, the workers found fossil mussels in the
rocks and laid them before Fracastoro, begging him to explain
the marvel. Fracastoro repudiated the doctrine of a vis plastica
in the earth as impossible; and just as little did he give
credence to the view that explained fossils as creatures left by
the great Flood. The Flood, he said, was of short duration,
and in the nature of things it would have left not marine but
fresh-water mussels behind; further, on the assumption that
the mussels had been carried from the ocean to the land by the
Flood, their remains would have been scattered over the

1 Hieronymus Fracastoro, born at Verona in 1483, sludied at Padua,
and became Professor of Philosophy there in 1502; afterwards practised
medicine as a physician in Verona, and in his capacity of physician to Pope
Paul I1I. was a member of the Council of Trent, IHe died in 1553.
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surface of the land, and would not have been buried deep in
the earth where the quarrymen had found them. There was
left, he continued, only one possible explanation—that the
fossils were the remains of animals which had once lived in the
localities where their remains are now imbedded.

Far more 1llustrious than the majority of his contemporaries
in science was George Bauer,! better known by his nom-de-
plume of Agricola. Werner calls him the father of metallurgy,
and the originator of the critical study of minerals. Bauer’s stay
in Joachimsthal enabled him to become familiar with the mines
there, and to make a collection of local minerals. The clever
physician soon received general recognition as the best
authority on mining, and the publication of his pamphlet
“Bermannus” in 1528 further confirmed the prominent
position he held among mineralogists. His great work, De e
melallica libri duodecim, contains a complete description of
mining and metallurgy as then practised, as well as valuable
communications about the mode of occurrence of useful
minerals, and about veins and deposits of ore. Two later
works, De nafura fossilium, Lib. x., and De weferibus et novis
melallis, Lib, ii., describe all the minerals known to the ancients,
and all those which had since been discovered. Agricola’s
observations on crystalline form, cleavage, hardness, weight,
colour, lustre, etc., have served as a model for all subsequent
descriptions of minerals. On the other hand, Agricola’s
remarks about fossils are of much less value. He had devoted
little attention to the fossil remains of animals and plants, and
he unfortunately united under the name “Fossilia” both
minerals and petrified organisms. This use of the term
“ Fossils” was perpetuated for two centuries in the literature,
having been more especially adopted by the famous Wernerian
School. Agricola referred by far the greater part of the organic
remains found in the solid rock to a wholly inorganic origin;
he regarded fossil mussels, belemnites, *“ Ammon’s Horns,”
“Glossopetra ” (fish teeth), and other problematical remains as

1 Georg Bauer (Agricola) was born at Glauchau in Saxony in 1494. He
went to Italy, where he graduated as doctor, and then settled in Joachims-
thal as a physician; aflterwards he was appointed professor of chemistry at
Chemnitz, and died there 1555. A complete edition of his works was
published in the Latin tongue in Béile. A German (ranslation of the
ﬂﬁemlﬂgicnl writings was published at Freiburg in 1816 by Ernst

mann.
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“solidified accumulations from water,” analogous with marble
and limestone. Yet in the case of fossil leaves, wood, bones,
and fish, Agricola allowed an organic origin, and thought the
various objects had become petrified by the action of a certain
Succus lapidescens everywhere present in water.

Conrad Gesner, the famous Ziirich scholar, also formed no
very definite opinion about fossils. To him we owe the first
illustrated work on fossils, De rerum jfossilium, lapidum et
gemmarum figuris, which appeared at Ziirich in 1565, the
year of Gesner’s death. He discusses the fossils along with
other products of the soil (minerals, ores, prehistoric stone
implements, stalactites, etc.), and compares some with the sun,
moon, and stars, others with plants and animals, without
entering further into their origin.

The zealous collector, Johann Kentmann, in Torgau, and
the Wiirtemberg physician, Johannes Bauhin, made no further
inquiry into the nature of fossils, but Bauhin described, and
gave figures of a large number of ammonites, belemnites,
mussels and brachiopods from the Posidonomya shales and
Middle Lias strata in the neighbourhood of Boll.

In Italy, Andrea Mattioli, the botanist, described the
fossil fishes of Monte Bolca for the first time in 1548, and
followed Agricola in supposing that porous shells, bones, and
other remains had been converted into stone by a Succus lapi-
deus, Nearly ten years later, the anatomist Fallopio, in Padua,
even went so far as to call the fossil teeth of elephants from
Puglia earthy concretions, and fossil shells from Volterrano
the results of fermentation and exhalations from the earth,
while he explained the pots of Monte Testaccio in Rome as
natural impressions in the earth! Olivi of Cremona, in 1584,
writes of the fossil conchylia of the famous Calceolarian col-
lection in Verona as mere sports of nature. Michele Mercati
prepared good illustrations of fossil bivalves, ammonites,
and nummulites 1n the museum of Pope Sixtus V., and these
were published between 1717 and 1719 in the AMelaliotheca
Vaticana, by Lancisi, the physician of Pope Clement XI.
Mercati names the fossils according to Pliny, and after long
discussion comes to the conclusion that they took origin under
the influence of the stars,

It is astonishing to find how tenaciously, until the middle of
the eighteenth century, so many authors clung to such absurd
ideas, even although the fossils were being made known by
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means of good illustrations to an ever-increasing number of
observers. The works of Aldrovandi, Athanasius Kircher the
Jesuit, Sebastian Kirchmaier, Alberti, Balbini, Geyer, Hartley,
and many others In the seventeenth century contain some very
good figures, and extended the knowledge of the fossils
found in various European localities. The fossils were,
however, treated usually as mineral curiosities, or as illusions
of nature, sometimes as forms called forth in the earth by
vis plastica or some other force, sometimes compared with
living mussels, snails, sea-urchins, plants, etc, and named
accordingly.

Probably the greatest representatives of this literature are
the Englishmen Lister and Lhuyd (Luidius) and the Swiss
Nikolaus Lang. Martin Lister! had an excellent knowledge
of living conchylia. He had also observed that certain rocks
are present over a definite extent of surface, so that maps might
be constructed with respect to the distribution of different
kinds of rock, and further, that the fossil bivalves and snails
differed in the different kinds of rock. He therefore laid
down the important principle that the different rocks might
be distinguished according to their particular fossil contents,
although, strange to say, he thought the rocks themselves had
the power to produce the different forms of fossils, Lister
warmly combated the idea that the fossils could have proceeded
from animals (Philos. Trans. Roy. Sec. London, 1671). Never-
theless, he illustrated living and fossil conchylia side by side
with one another, in order to demonstrate their resemblance,
at the same time writing in the text, that the fossil conchylia
were mere rough imitations of the real forms—imitations
produced in the rocks by some unknown causes.

The English antiquary, Edward Lhuyd (Luidius), described
a thousand species of British fossils in a long and beautifully
illustrated work. Lhuyd’s theory of *“ Aura seminalis” strongly
recalls the fanciful doctrines of Anaximander and Theophrastus.
In aletter, “De fossilium et foliorum mineralium origine,” to the
famous zoologist John Ray, Lhuyd sets forth how the fossils
have developed from moist seed-bearing vapours which have
risen from the seas and entered into the strata of the earth.

1 Lister was born at Radcliff in 1638, studied jn Cambridge, and was
highly respected in York and London as a medical man. In 1698 he
accompanied the English ambassador, Lord Portland, to TParis, in 1709

Lecame house physician to Queen Anne, and died 1711.
2
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Lhuyd found an enthusiastic supporter in the Lucerne
physician and councillor, Karl Nikolaus Lang, whose Hisforia
lapidum figuratorum Helvetie (Venice, 1708) contains 163
plates, with a number of good figures of fossils. Lang is one
of the last authors who believed in the direct origin of the
fossils in the rocks.

A semi-tragic, semi-comic event brought this literature to a
close. Johannes Bartholomew Beringer, a professor in the
University of Wiirzburg, published in 1726 a paleontological
work entitled Zithographia Wurceburgensis. In it a number
of true fossils were illustrated, belonging to the Muschelkalk or
Middle T'rias of North Bavaria, and beside these were more or
less remarkable forms, even sun, moon, stars, and Hebraic
letters, said to be fossils, and described and illustrated as such
by the professor. As a matter of fact, his students, who no
longer believed in the Greek myth of self-generation in the
rocks, had placed artificially-concocted forms in the earth, and
during excursions had inveigled the credulous professor to
those particular spots and discovered them! But when at
last Beringer’s own name was found apparently in fossil form
in the rocks, the mystery was revealed to the unfortunate
professor. He tried to buy up and destroy his published
work ; but in 1767 a new edition of the work was published,
and the book is preserved as a scientific curiosity. Many
of the false fossils (Liigensteine) may be seen in the
mineral collections at Bamberg, and there are also speci-
mens in the university collections of Wiirzburg, Munich,
and other places.

Conlemporaneously with these mistaken efforts in the
sixteenth, seventeenth, and early part of the eighteenth
century, a truer appreciation of fossils was gaining ground.

In the year 1580, the famous French worker in enamel,
Bernard Pallssy, published a book in which he discussed the
origin of petrified wood, the occurrence of fossil fishes in
Mansfield slate, and fossil molluscs in various rocks.
Palissy rightly puinted out that many of the fossil conchylia
were 1dentical with living species, and said they must have
developed 1n localities which had previously been under fresh
or sea-water. Palissy’s ideas were violently attacked by his
compatriots, and he was denounced as a heretic in his
philosophical and scientific writings, just as he was a
Huguenot and a heretic in his religion.
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IFabio Colonna ! upheld similar views in Italy. He tried to
show that the ** Glossopetren” were not tongues of serpents but
the teeth of dog-fish, which occurred along with remains
of marine bivalves and snails in certain strata; while in
others he recognised the remains of terrestrial animals and
plants.

During the seventeenth century Nikolaus Steno and other
Continental geologists contested the erroneous and ludicrous
ideas of their contemporaries; while in England, Robert
Hooke, John Ray, and John Woodward guided scientific
thought to the true explanation of fossil remains. Leibnitz,
the founder of the Academy of Science in Berlin, and
Scheuchzer, the Swiss geologist, further advanced the scientific
research of fossils, so that, by the middle of the eighteenth
century, no man of science and letters believed that fossils
might be products of the earth itself.

The English physicist and mathematician, Robert Hooke
(1635-1703), was one of the most brilliant original thinkers
of his own or any age. It was he who for the first time
suggested the wuse that might be made of fossils, in
revealing the historical past of the earth. In an i1mportant
work upon earthquakes written in 1688,2 he stated that fossil
molluscs deserved to be regarded as historical, since they
represented monuments no less valuable than coins and
manuscripts, but he added that it certainly would be ex-
tremely difficult to construct a chronology of the earth upon
the evidence of fossils. Many fossil Ammonites, Nautilids,
and other conchylia undoubtedly differed from known living
forms, but he said it had to be remembered how scanty was
the existing knowledge of marine animals, especially of those
which inhabited the greater ocean depths. Hooke, however,
inclined to the opinion that the fossils of unknown forms
might really be extinct species, annihilated by earthquakes.
He regarded it as certain that a number of fossil species had
been confined to definite localities. And from the occurrence
of fossil Chelonias and large Ammonites in the strata of
Portland Isle, Hooke concluded that the climate of England
had once been much warmer. This was explicable, in
Hooke’s opinion, upon the assumption either that the earth’s

1 Osservasioni sugli animali aquatict e lerrestrt, 1616.
? This treatise is published in the Opera posthuma Robert Hooke, ed.
Rich. Waller, London, 1705.
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axis of rotation or the earth’s centre of gravity had undergone
changes of position.

Hooke further gave some valuable hints about the alteration
of organic remains by the process of petrefaction, and cited as
examples the petrified stems of trees in Africa and in the
kingdom of Ava. His explanation of the elevated position in
which fossil marine organisms are now found was based upon
his theory of earthquakes. Earthquakes, he thought, trans-
formed plains into mountains, and continents into otean
basins. He attributed earthquakes and volcanic eruptions to
the agency of subterranean fire.

Scarcely had the organic origin and historical significance of
fossils been successfully vindicated, than the doctrinal in-
fluences of the day stepped in and claimed all fossil forms as
vestiges from the earlier creation interred in the earth during
the great Deluge. The * Diluvialists” formed a powerful party
amongst the geologists of the seventeenth and eighteenth
centuries, and were warmly supported by the Church. In
England, Woodward, Burnet, and Whiston had strong
convictions in this direction; while in Germany, Wedel
and Baier, and in Switzerland Johann Scheuchzer, taught
that all fossils had been spread through Europe during the
Flood.

Scheuchzer had in his first work (Specimen Lithagr.
Helvetice Curiose, 1702) regarded fossils as sports of nature,
but under the influence of Woodward’s work, which he
translated into Latin, he became an enthusiastic believer in
the theory of a diluvial distribution of fossils. His natural
history of Switzerland contains a special chapter, which
professes to deal with the fossil remains left by the Flood in
Switzerland. Towards the close of his life, Scheuchzer
thought he had discovered in the beds of Oeningen *the bony
skeleton of one of these infamous men whose sins brought
upon the world the dire misfortune of the deluge.” But the
supposed Zomo difuvii from Oeningen was afterwards determined
by Cuvier to have been a gigantic Salamander, and was called
Andrias Scheuckzeri in honour of its Swiss discoverer. The
original specimen of Scheuchzer's Andrias is now in the
Teyler Museum at Haarlem.

The strong personality of Scheuchzer and his success as a
teacher won for him during his life-time a large circle of
scientific supporters, and contributed not a little to a more



INTRODUCTION. 2T

general interest in fossils. Numerous books and treatises
began to appear, sometimes describing the fossils in particular
localities, sometimes of a more dilettante character. '

In Switzerland, Johann Gesner’s work continued the lines of
research initiated by Scheuchzer. Bourguet in Neuchétel, and
afterwards Burtin in Belgium, published handsome plates of
fossil illustrations, but the descriptions in the text are not of
much value. Johann Baier, the Altdorf Professor, published
in 1712 his Oryclographica Norica, one of the best works of
the time, and in 1757 a supplement of fifteen folio plates was
added under the direction of his son Ferdinand.

France, until the middle of the eighteenth century, had
a remarkably poor paleontological literature. Antoine de
Jussieu in 1718 described the Carboniferous plants of St.
Chamont, near St. Etienne, and said they had been brought by
the flood from India and the New -World to Europe. In a
second treatise, Jussieu described fossil Ammonites; he
certainly compared these with Nawfilius Pompilius of the
Indian Seas, but he explained them as having been brought
from the Oasis of Ammon to France by inundations of the
sea. Bertrand’s Dictionary of JFossils and other minor
works testify that France was not devoid of interest in fossils,
although activity in this field of research was much more
prolific in the neighbouring countries.

In France, during the eighteenth century, only the writings
of Guettard can be placed in the same rank with the
monographs of particular fossil groups prepared by Rosinus,.
Wagner, Erhart, Breyn, and Klein.

The outstanding work of this period is undoubtedly that of
Knorr and Walch in four volumes, Die Sammiung wvon
Merkwiirdigheiten der Natur und Alterthiimer des Erdbodens.
The first volume was written by the Niirnberg collector and
artist, George Wolfgang Knorr (born 1705, died 1761), and
the other three volumes were prepared after the death of
Knorr by Professor Walch! of Jena.

The first volume bears on its title-page an illustration of the
famous Solenhofen quarries, and contains figures of fossil crabs,
fishes, crinoids, together with dendrites, and ‘ruin marble”

! Johann Ernst Immanuel Walch (1725-78) was a son of J. G.
Walch, Professor of Philosophy and Poelry in Jena. In 1759 Walch
succeeded his father as Professor, but his chief delight was in Mineralogy

and Palzontology, and he made a famous collection.
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found in the calcareous slates and flagstones of Solenhofen.
The first half of the second volume contains illustrations of
molluscs, brachiopods, and echinids, and the descriptive text
by Walch embraces practically all that was known in the
previous literature about these fossils ; in the second half the
same treatment is given to so-called *corallioliths” (sponges
and corals), to encrinites (crinoids), to osteoliths (fossil
bones), to belemnites, dentalites, vermiculites, and balanoids.

The third volume begins with a dissertation about fossil
wood, followed by the description of a number of Carbon-
iferous plants. The chapter on the fossil Crustaceans which
received the name of “Trilobites” from Walch, ranks far
above all previous descriptions of these interesting fossils.
The remainder of this volume is devoted to the description
of supplementary plates. The fourth volume contains a
systematic summary of all fossil forms treated in the
foregoing volumes, The masterly text of Walch sets forth
his own original observations, and displays a knowledge
of the older literature unsurpassed for its completeness and
accuracy.

With the exception of Knorr and Walch’s important work,
palzontographical literature up to the middle of the eighteenth
century stands on a low scientific level. This seems the more
remarkable when one compares the formal descriptions of
fossils, and speculations about their origin and their scrip-
tural significance, with the well-directed efforts of botanists
during the same period. Botanists had already brought the
systematic arrangement of plants to such a point that only
the nomenclature of Linnzus was required to make it serve
as a secure basis for the further progress of research. But so
far, in the kindred study of the history and classification of
animals, no fundamental principles had been attained. It
is true some of the more advanced writers, such as Hooke,
had said that certain fossil species might possibly be extinct
forms. Yet, when from time to time ammonites, trilobites,
crinoids, and other fossils were found which had no known
existing counterparts, the authorised treatment was to take for
granted there might be living representatives existing at depths
or in regions of the ocean hitherto unexplored.

Interest centred in the chimeric hope of finding living
specimens of these mysterious fossils, and no observer had yet
conceived the far bolder, grander dream of defining successive
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periods of the earth’s history by means of an ordered array of
extinct fossil forms.

Hypotheses of the Eartl’s Origin and History, and
Beginnings of Geological Observation.—The keen interest in
minerals and fossils and the flourishing condition of the
mining industry gradually attracted the attention of scientific
men to the investigation of the earth itself. Two methods
of research, the empirical and the speculative, developed
alongside one another. The one had for its immediate aim
the determination of facts, and in its further outlook, the
possible construction of some suitable theory; the other
contented itself with a minimum of observation, accepted the
risks of error, and set about explaining the past and the
present from the subjective standpoint. This latter method
naturally attained no higher results than the geogenetic
fantasies of classical antiquity. And it certainly could never
have gathered sufficient energy to roll aside the mass of
philosophical and doctrinal tradition that blocked the path of
progress.

Throughout the later and Middle Ages, water and fire still
continued to be accepted as the two essential active and
formative forces dominating the earth’s configuration, hence
it was unavoidable that the conceptions of the ancient philo-
sophers should re-appear again and again in the newer theories,
if in renovated form. Meantime there were in every land of
Europe empiricists who were patiently contributing new data
to the knowledge of chemistry, of physics, and the constitu-
tion of the earth’s crust, and were thus preparing the only
possible foundation of a science of geology.

Leonardo da Vinci deserves an honoured place amongst the
founders of geology, as one of the first who investigated the
earth’s structure upon scientific principles. Not only did
Da Vinci recognise the true origin of fossils, but his artistic
sense of form and his close observation of nature revealed to
him in the North Italian valleys the agency of running water
in sculpturing the earth’s surface. He showed how rivers erode
their valleys, and deposit pebbles on valley terraces; how a
fine detritus accumulates at river mouths, and plants and
animals are buried in it; how the organic remains then pass
through physical changes and become petrified while the
river mud harders into solid rock, and finally the rock
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containing the imbedded fossils rises above sea-level and
becomes dry land.

Agricola, the mineralogist, also made a number of useful
observations about springs, earthquakes, active and extinct
volcanoes, volcanic rocks, the action of running water, and
atmospheric movements.

Giordano Bruno, who was burnt at Rome in 1600 for heresy,
was a natural philosopher of considerable insight. A reprint
of his ideas appeared quite recently (Bo/l. Soc. Natur. Napolt,
1895). Bruno described the earth as a spherical body, on
whose surface the depths of the oceans were greater than the
height of the mountains; the mountains were no higher in
proportion to the size of the earth than the wrinkles on the
skin of a dried apple. Bruno also denied that there had ever
been a universal Deluge, but brought forward evidences of
frequent alteration in the distribution of land and sea. He
also directed attention to the position of volcanoes in the
immediate proximity of the sea, and from that he argued
that thermal and volcanic phenomena might be due to some
interaction between surface waters and the interior of the
earth. Bruno’s ideas were not understood by his contempor-
aries and were neglected.

No writer was more appreciated in his time than the
accomplished Jesuit, Athanasius Kircher.! His famous work,
Mundus subterraneus, begins with the consideration of the
centre of gravity of the earth, and the form and constitution
of sun, moon, and earth. Book III. is devoted to hydro-
graphy, another book (Pyrologus) treats of the earth’s interior,
volcanoes, and winds. Kircher's idea is that there are in-
numerable subterranean centres of conflagration (pyrophylacia),
which are connected with active volcanoes; similarly that
there are special water cavities in the earth (Xkydrophylacia),
which are fed from the sea and are connected by branches

1 Athanasius Kircher was born 2nd May 1602, at Geisa, near Eisenach,
and died 1680, in Rome ; was educated in the Jesuit College of Fulda, and
took orders in 1618 at Paderborn. He was an accomplished linguist, and
travelled through Sicily, Malta, and the Lipari Islands, visiling Etna,
Stromboli, and Vesuvius. He was made a Professor in Wiirzburg in 1630,
but on the approach of the Swedes in Iﬁfgi, took flight to Avignon, and
aflerwards accepled the post of teacher of Mathematics in the Collegium
Romanum in Rome. There he founded a valuable natural history collec-
tion, which was afterwards described Ly Bonanni in 1709 under the name
of Museum Kircherianum, and is still kept up in Rome.
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in all directions with the earth’s surface, at which they appear
as thermal springs. Kircher follows Aristotle’s view of the
origin of springs, lakes, and rivers. Books VI., VII, and
VIII treat of the earth’s composition, but offer no descrip-
tion of the different rocks such as one might expect; they
describe in diffuse style the salts that occur in the earth, and
the constitution and uses of sand, clay, cultivated soil, etc.
The consolidation of loose material into rock is ascribed
to a petrifying force (vis /apidifica) inherent in the earth,
while a form-giving force (Spiritus architectonicus ov plasticus)
is said to produce all kinds of shapes and figures, for example,
crystals, precious stones, stalactites, and fessils.

Book X. is devoted to mines and minerals. Kircher relates
that through the medium of Jesuit priests, he put several
questions to the miners at Neusohl in Hungary. Some of
these referred to the conditions of temperature in the mines—
whether the heat increased as greater depths were reached
below the surface, and if there were any signs of subterranean
fire. The answer from Schemnitz was that in a well-ventilated
mine the heat was scarcely perceptible, but that with poor
ventilation the mines were always warm. Johann Schapel-
mann, an official of the mines in Herrngrund, reported as
follows :—*‘In dry mines the temperature steadily increases
in proportion to the depth below the surface; where water
lies, the heat is less; it is greatest in the parts of the mines
where marcasite occurs.” This is the first observation of the
steady increase of temperature with added depth.

In spite of its many weaknesses and inaccuracies, Kircher’s
Mundus subterraneus must always command a high place in
the literature as the first effort to describe the earth from a
physical standpoint. It was followed in 1672 by the publi-
cation of the Geographia generalis of Varenius, a work far
exceeding that of Kircher in critical insight and methodical
treatment. It is valued as the fundamental work in the
domain of geophysics.

Nikolaus Steno! was one of the most enlightened geologists of

! Nikolaus Steno was born 1638 at Copenhagen, studied medicine and
anatomy at Copenhagen and Paris, travelled in Holland, France, and
Germany, and settled in Padua. He was called to Florence to be house-
physician to the Grand Duke Ferdinand II., and was afterwards the tutor
of the sons of Cosmo. Steno then accepted an invitation sent by Christian
V. of Denmark, Lo return to Copenhagen as Professor of Anatomy; bul
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the seventeenth century. Steno begins his work on the earth’s
crust by comparing fossil teeth found in the deposits of Tus-
cany with the teeth of living sharks. He then investigates
the origin of fossiliferous deposits and compares them with
unfossiliferous rocks. The latter, he says, were formed before
life existed on the earth, at a time when the earth was
enveloped in a universal ocean. Homogeneous and fine-
grained rocks represent, according to Steno, the primitive
earth-deposits which segregated universally from the undivided
ocean. If; on the other hand, a rock-stratum be composed of
particles varying in character and size, or if it comprise large
fragments derived from other rocks or fossil remains, such a
layer represents a partial deposit of later origin.

Steno argued from the traces of salt and the presence of
marine animals, and even ship flotsam in certain deposits, that
these had been formed on the sea-floor, whereas the presence
of a terrestrial fauna and of rushes, grasses, and the stems of
trees in other deposits, indicate that those had accumulated in
fresh-water basins, Steno was the first to enunciate definite
natural laws governing the formation of a stratigraphical suc-
cession in the earth’s crust; these may be condensed as
follows :—(1) a definite layer of deposit can only form upon a
solid basis; (2) the lower stratum must therefore have con-
solidated before a fresh deposit is precipitated upon it; (3)
any one stratum must either cover the whole earth, or be
limited laterally by other solid deposits; (4) during the period
of accumulation of a deposit there is above it only the water
from which it is precipitated, therefore the lower layers in a
series of strata must be older than the upper.

~But Steno also realised that a series of strata originally
horizontal might become relatively displaced by subsequent
earth-movements. He cited examples of ldocal crusi-inthromw,

Steno had become a Roman Catholic, and his stay in his nalive city was
embittered by the enmity caused on account of his religion. Ile returned
to Florence, and was made Apostolic Vicar of Lower Saxony, dying in
Schwerin on the 25th November 1687. By command ol the Grand
Duke Cosmo III. his body was brought to Florence and buried in the
Cathedral of St. Lorenzo.

Steno’s work, De solide intra solidum maturaliter contenfo, was first
published in Florence (1669), and was intended merely as the prodrome of
a larger work, but no later work appeared. A second edition was printed
at Leyden in 1679, but the original text of Steno’s little work is now a
bibliographical rarily ; its contents are known chiefly through the medium
of Elie de Beaumont’s French translation published in 1832.
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showing how individual strata might remain horizontal, while
others might be tilted or even be thrown into a quite perpen-
dicular position, others again might be bent into the form of
arches. The occurrence of crust-inthrows; together with the
effects of surface denudation, might give shape to mountains
and valleys, plateaux, and low-lying plains. Mountains, he
said, might also originate from upward action of the volcanic
forces in the crust. In cases of active volcanic eruption, ashy
and fragmental rock materials were ejected, intermixed with
sulphurous vapours and mineral pitch.

Thus Steno’s work already contained the kernel of much
that has been under constant discussion during the two cen-
turies which have passed since his death; and if one reads
the most recent text-books of geology, it will be evident that
science has not yet securely ascertained the share that is to
be assigned to subsidence, to upheaval, to erosion, and to
volcanic action in the history of the earth’s surface conforma-
tion in different regions.

Descartes (1596-1650), in his Principia Philosophie, founded
a cosmology upon his famous principle of the constancy of the
amount of motion or “ momentum” in the universe. The
earth, he states, like all other bodies of the universe, is com-
posed of primitive particles of matter in which a whirling
motion is inherent, and they have aggregated themselves into
the form of a sphere. During the gradual cooling of the earth
the outer layers consolidated as a firm crust, while the nucleus
still continued incandescent. The coarser and heavier primi-
tive particles of the earth, as they rotated, collected round the
centre, while the finer and lighter particles gathered In the
outer regions and formed the crust, composed of metallic,
saline, and aqueous parts. Crust-rupture bhas [rom time to
time given origin to continents, seas, mountains, and valleys;
according to Descartes, volcanic phenomena and fissure in-
jections are results of the high temperature of the earth’s
interior.

G. F. Leibnitz (1646-1716), the mathematician and physicist,
accepts in his Profogea the Cartesian view, that primitive
matter had a fluid consistency owing to the tremendous initial
heat, and that the earth’s spherical form was derived from the
aggregation of whirling ultimate elements or ““monads” of
matter. In place of the Cartesian principle of momentum,
Leibnitz starls from a dynamical basis, and assumes a force
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which accomplished the separation of light from darkness, or,
as he also expressed it, the separation of the more aclive
elements of the universe from the more passive. A further dif-
ferentiation of the inactive elements, according to their stability
and degree of resistance, determined the dry land and the
oceans. The escape of heated material from the interior of
the earth produced slaggy spots on the earth’s surface, and as
these increased a glassy crust was formed. Thus the earth
was gradually converted from the condition of a radiant sun
to a dark planet. The cosmical theories of Leibnitz suffered
in the original from a want of clearness in the diction, and are
strained on account of the author’s conscientious effort to pre-
sent a historical account of the earth’s surface that should be
in harmony with the Mosaic genesis.

That part of the Profogea which deals with mineralogy is
much more practical. His official position at the Court of
Hanover enabled Leibnitz to become acquainted with the
mines and the natural products of the Harz mountains, and he
gave an account of the mode of occurrence of the metals and
minerals. He also supplied a detailed description, with illus-
trations, of a number of fossils occurring in Hanover and
Brunswick in the copper schists.

If Leibnitz was careful to make his theory of the earth con-
form with the Mosaic account of Creation, this feeling was far
more strongly expressed in England.

+ Dr. Thomas Burnet, in his Sacred Theory of the Earih, pub-

lished 1681, thinks that in the beginning our earth was a
chaotic mixture of earth, water, oil, and air, which gradually
consolidated into a spherical form. The various rock-ingre-
dients separated out from the primitive chaos according to
their weight, the heaviest material accumulating round the
earth’s centre; this in its turn was surrounded by water, on
whose surface the oily material floated, and the atmosphere
enveloped the whole. Gradually, the finer particles that had
been held in suspension in the atmosphere settled upon the
oil and formed a fatty superficial layer that afforded nourish-
ment for the first plants, animals, and human beings.

The earth was oval, and its axis stood upright, in the same
plane as the earth’s path, hence there were no alternating
seasons, no mountains, no seas, nNo rivers, no storms. It
rained only at the poles, but the water filtered at once into the
earth’s interior. This state of earthly paradise lasted 1600
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years, until the moist and fertile superficial layer was dried by
the heat of the sun, and began to rend and crack. The waters
below became heated, vapours rose, and bursting through the
fertile layer, came into contact with the atmosphere. The
intermingling of air and vapour produced fearful storms of
thunder and lightning and torrential rains.

The superficial layer broke in many places, and portions of
it sank into the earth’s abysses. As they fell, some parts were
crushed, and tumbled in disorder above one another, so that
they formed mountains, valleys, and islands. This was the
period of the great Deluge, during which plants and living
creatures were almost all destroyed. As the floods retreated
the present state of our earth was initiated, but it also will one
day pass away in a universal conflagration. Then will succeed
a second Chaos from which the Golden Age will spring.

Burnet's circumstantial sketch, which in no way militated
against Biblical evidences, excited considerable attention, and
won for him worldly preferment. But in a later work in 1692,
Burnet treated the Mosaic account of the Fall of Man as an
allegory, and for this heresy he was dismissed from his appoint-
ments at Court.

John Woodward,! the collector and palaontologist, was the
most famous English representative of the religious school of
geologists. His Natural History of the Earth and Terrestrial
Bodies, ete. (London, 1695), was translated into Latin by
Johann Scheuchzer, and had a wide circulation. In this
work, Woodward described his collection of fossils, minerals,
metals, and rock specimens. He strongly opposed the opinion
that fossils could be mere imitative sports of nature, and said
they represented past faunas and floras. But he supposed
these remains to have been carried to their present position in
the earth by a universal flood, the deluge of the Scriptures.

Before the Flood, the earth’s surface conformation had been
similar to that which we now know, and the ante-diluvial
forms of life on the globe had not differed materially from
post-diluvial forms. The earth’s interior had been filled with

1 John Woodward, born 1665, in Derbyshire, studied medicine under a
practical phfician in Gloucester, was appoinled Professor at Gresham
College in London in 1692, died 1722. He bequeathed his valuable
collection and library to the University of Cambridge. One of the most
violent opponents of Woudward's views was Elias Camerarius, Professor at
Tiibingen,
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water, which suddenly burst through the earth’s crust, and rose
above the highest mountains. The earth’s crust was entirely
disintegrated by this catastrophe, but living creatures, plants,
and metals remained intact. As the Flood subsided the dis-
integrated material sank, and the stratigraphical succession
formed with the heaviest rocks in the lower strata and the
lighter deposits in the upper horizons.

Similarly the heavy metals, the minerals, concretions,
marbles, and heaviest fossils were imbedded in the lowest
strata ; in the chalk strata were buried the lighter conchylia
and echinoderms ; while the upper series of sandy, clayey, and
marly strata contained the bones of men, four-footed animals,
fishes, the shells of terrestrial and fresh-water conchylia and
plants.

The post-diluvial epoch had not been disturbed by any
further catastrophe; rain had washed away the superficial
material from the mountains, and the rivers and streams had
carried the detritus into alluvial plains and sea-basins.

William Whiston,! another English writer, indulged in still
more remarkable fancies about the early history of our globe.
He supposed the earth had originally been a comet, which
happened to approach the sun, and was melted into a coherent
mass. As it travelled away from the sun, a re-arrangement of
the earth’s material began ; the heavier particles formed a solid
nucleus, the lighter particles gathered in the superficial parts;
the surface was covered by water except where high mountain
chains and islands rose ahove the ocean-level. The Paradise
of the Bible was situated in the southern hemisphere, under
the Tropic of Capricorn. In the beginning of creation the
earth had no rotatory movement round its axis. That did not
begin until after the Sin and Fall of Man in Paradise. After
the Fall, in virtue of the rotatory movement, the internal heat of
the earth radiated towards the surface and encouraged a rich
increase of plant and animal life, but also caused a strong
development of the human passions. The punishment came :

1 William Whislon, born 1666, in 1695 became Chaplain to the Bishop
of Norwich, and was in 1701 recommended by Sir Isaac Newlon as his
successor to the Chair of Mathematics in Cambridge. The heterodoxy of
his writings caused Whiston to be deprived of his Professorship in 1701.
The wide intelligence and imagination of his wriling commanded, however,
a large circle of adinirers, and his Zheory of the Earth ran through six
editivns in a very short time. He died in 17513,
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on the 18th November 2349 B.C, a great comet stood above
the Equator, its tail came into contact for some hours with the
earth, shook out waterspouts, and simultaneously the subter-
ranean waters escaped and inundated the earth’s surface. The
Flood destroyed plants, animals, and human beings.

The famous zoologist, John Ray, in his Zlree Physico-
theological Discourses (London, 1693), took much the same
standpmnt as Woodward. He accentuated, however, the great
importance'of running water as an agent of surface erosion,
and explained the wide continental flats and deserts as a result
of the occasional escape of subterranean waters and the occur-
rence of gigantic floods.

Johann Jacob Scheuchzer, the Ziirich professor, turned his
attention to geological, geographical, zoological, and botanical
pursuits during his frequent travels, and was an ardent fossil and
mineral collector. A few geological sections which he made
in the neighbourhood of Lake Lucerne were the first attempts
in the literature to reproduce bent strata and other features of
mountain structure by means of accurate sectional drawing.
But his works afforded as little insight into the mineralogical
composition and stratigraphy of the rocks, and the distribution
of fossils, as those of his predecessors and contemporaries,

Italy, at the beginning of the eighteenth century, possessed
two geologists, Antonio Vallisnieri and Lazzaro Moro, who
sought to counteract the tendency of their time tﬂwards the
thenretlcal construction of an earth history. Vallisnieri (1661-
1730), who held the post of Professor of Medicine at Padua,
was an enthusiastic fossil-collector, and entered strong pro-
test against the idea that the Flood was accountable for the
annihilation of all pre-existing organisms. His writings point
out that marine deposits are widely distributed in Italy at both
sides of the Apennines, and are also present in Switzerland,
Germany, Ingland, Holland, and other lands, and Vallisnieri
therefore argues that those deposits prove incontestably the
former presence of the sea over these localities. He favours
Strabo’s doctrine, and explains how different areas of the
earth’s surface may have frequently undergone relative changes
of level, how portions which are now dry land may formerly
have been under sea-water. He further explains the presence
of marine fossils in these deposits, on the natural assumption
that the inhabitants of the sea as they died fell to the bottom,
and were there incorporated in the deposits. Vallisnieri
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enumerates the known cases of fluctuations of level, and men-
tions changes going on at Pozzuoli. He gives also a detailed
account of the island of Mea Kaumen that appeared off Santorin
in the year 1707.

The learned abbot, Antonio l.azzaro Moro (1687-1740),
warmly contested the views of Burnet, Woodward, and Leib-
nitz. Moro’s own theory of the earth was based upon the
upheaval of the new volcanic island at Santorin. The emer-
gence of the island was marked by earthquake and volcanic
disturbances, which went on intermittently for several months.
Moro attaches great importance to the fact that the rocks, as
they began to rise from the Aigean Sea, were covered with
oysters, and that these were afterwards buried by the ejected
volcanic material. He then describes the origin of Monte
Nuovo, near Naples; and, following Paragallos for the most
part, he gives a complete account of the eruptions of Vesuvius
from the year 79 A.D., and of the eruptions of Etna. His doc-
trine was that the fossils found in the mountains had originated
where they were found, and that the mountains themselves had
been upheaved from the sea by volcanic action. All continents
and islands had also been upheaved in this way. The stratified
material composing some mountains represented the original
volcanic ejections, which in consolidating had assumed a
certain stratification of a secondary character, such as  is
presented at Monte Nuovo, Vesuvius, and Etna.

It is unnecessary to enter into the details of the sequence
of events drawn up by Moro in the part of his work devoted
to the earth’s history. With the exception that he follows
Vallisnieri in discarding the Flood, the chain of events is
designed in harmony with Scriptural authority; and an official
affidavit 1s given In the preface that the book contains nothing
which is inimical to the Catholic faith. Moro was highly
esteemed 1n his time, and was very successful in spreading
his teaching. But he contributed little that was new to
science. Even his doctrine of convulsive upheavals had
been largely anticipated by Strabo; while his own con-
temporary, Robert Hooke, had worked along similar lines,
although his writings were unknown to Moro.

A striking contrast to the work of Moro is presented by the
Telliamed (anagram of the author) of De Maillet. Whereas
Moro attributed all continents, mountains, and islands to
volcanic agency, De Maillet regards all the rocks of the earth
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as marine deposits.  Ze/Ziamed was written in 1715 and 1716,
but did not appear until 1748. On account of its heterodoxy,
De Maillet would not allow its publication until after his death,
‘The book 1s written in the form of dialogues between an
Indian philosopher, Telliamed, and a French missionary. All
the heterodox ideas of the author are placed in the mouth of
the oriental, and 1t 1s left to the listener to adopt them or to
reject them,

The subject-matter is divided into six dialogues. The first
dialogue starts upon the hypothesis that in the beginning the
whole earth was covered by water. As the water diminished
in volume, mountains, islands, and continents made their
appearance. The highest or primitive mountain-systems
emerged from the world-ocean at a time when the seas were
very sparsely inhabited by organisms, hence these rocks are
either unfossilifcrous or poorly fossiliferous. By the erosion
and fragmentation of these primitive rocks the material for
the further formation of rock was obtained. Sediments were
continually in process of deposition in the seas, and the
younger the rocks, the more richly they became filled with
the remains of animals and plants. Telliamed also notes that
many species of fossil mollusca are apparently now extinct.

The second dialogue brings forward a number of evidences
in support of Telliamed’s hypothesis that the level of the ocean
was formerly higher. Telliamed reckons the lowering of the
sea-level at a foot in three hundred years, or three and a quarter
feet in a thousand years. The third dialogue suggests various
methods by which a more accurate determination of the lower-
ing of the sea-level might be obtained. The fourth is devoted
to fossils, the origin of which from living organisms Telliamed
firmly believed in. The fifth and sixth dialogues treat of the
cosmology of the earth, but are distinctly weaker than the fore-
going. If we except these concluding chapters, the Zeliamed
far outshines other geological writings of the eighteenth century
in its wealth of observed facts, its daring originality, and its
charm of style.

A few other notable works of the eighteenth century may
be briefly mentioned. The Englishman Needham, writing
in 1769, assumed, like Leibnitz, a central fire in the earth,
and traced to it the origin of mountains and volcanoes.
He thought the concentric arrangement of the strata upon
mountains indicated that these strata, and the fossils contained



34 HISTORY OF GEOLOGY AND PAL/ZAONTOLOGY.

in them, represented marine deposits that had been pushed
upward by the expansive force working centrifugally through
the earth. Needham explained the Mosaic “Days” as primi-
tive periods of protracted length.

Justi, in his Geschickte des Erdkorpers (Berlin, 1771),
regarded all planets and comets as torn fragments of the sun.
The Earth was originally a mixture of soft earth and water,
mixed with oily and mercurial substances. The spherical
form was developed as a result of rotation round an axis. The
water taken from the sun distributed itself over the globe,
and the latter became enveloped by a vaporous atmosphere.
Life began to inhabit the water, and minerals and the various
kinds of rock were formed by new combinations of the original
ingredients. The whole work is a compilation of fancies hung
on a few slender pegs of fact,

Other German writers, Gleichen-Rosswurm, Professor
Johann Gottlob Kriiger, and Johann Silberschlag, allowed their
imagination to carry them into still more glaring absurdities.
But 1t 1s worth mentioning that Rosswurm, in sketching the
development of life on the globe, begins with the existence of
infusoria in the sea. The skeletons of these are said to have
formed an “elementary earth” on the sea-basin, from which
sprang larger and rougher forms of animals, until at last, after
immeasurably long epochs, all aquatic forms of animal life had
come into existence.

Beginnings of Geological Observation.—The true spirit of
research was still kept alive by men who confined themselves
to special subjects of investigation, or described the strati-
graphy of particular localities.

Friedrich Mylius published in 1704 and 1718 a valuable
work on the rocks of the Thuringian district. John Strachey,
in England, gave an admirable description of.the various kinds
of strata present in the coal districts of Somerset and North-
umberland (Philos. Trans., 1714 and 1725). Holloway studied
the chalk deposits in Bedfordshire (Pkilos. Trans., 1723).

In Italy, Spada and the Sicilian observer, Schiavo, drew
attention to the fossiliferous deposits of the younger Tertiary
periods; the Venetian teacher, Donati, compared the present
deposits and fauna of the Adriatic Sea with the deposits and
fossils at the base of the Apennines. Baldassari contributed
a similar work on the deposits near Siena. The traveller
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Targioni Tozetti, of Tuscany, occupied himself with the fossil
lenticles (Nummulites) of Casciano and Parlascio, which he
took for corals, and also with the fossil remains of land mam-
malia that are distributed in the valley of the Arno, in Val di
Chiana, and Ombrosa. Targioni showed conclusively that the
mammalia had lived in these valleys, and had not been
carried there by any diluvial catastrophe, or brought by the
Carthaginians.

To Christopher Packe we are indebted for the first geo-
logical map of a part of England in his work, 4 New
Philosoplical-Chorographical Chart of East Kent, published in
1743. The map embraces a district of 32 English miles in
the east of Kent, and the descriptions in the text are illustrated
in the map by special signatures and lines.

Lehmann! had an ample knowledge of the minerals
and fossils that occur in the rocks of Prussia. His work,
Versuch einer Geschichte des Flotzgebirge (Berlin, 1756), con-
tains a wealth of carefully observed data, and an elaborate
statement of his ideas about the origin and composition of the
earth’s crust. Lehmann accepts a universal deluge, which
dissolved or carried away in suspension much of the loose
surface material of the primeval mountains. The fine earth
and clay thus removed was precipitated as horizontal layers
on the sides and at the base of the mountains, and formed
the stratified deposits (Fdtsgebirge). As the waters receded,
these deposits, together with the remains of plants and animals
that had fallen upon the sea-floor, hardened into solid rock.

Lehmann distinguished the primitive rocks from those of
derived origin by their greater height, and by the nature of the
veins or dykes (Ganggesteine) that occur in them. He did not,
however, differentiate between the mode of origin of the so-
called vein-rocks and the stratified systems. He thought the
vein material had also originated from water, but had been
laid down in disorder in the early periods of creation before
the universal deluge, so that it was vertically or diagonally
deposited, and contained few or no fossils.

! Johann Gottlob Lehmann was a teacher of mineralogy and mining in
Berlin, Ilis wrilings extend over chemical, mineralogical, geological, and
mining subjects, In 1761 the Czarina Catherine elected him Professor
of Chemistry, and Director of the Imperial Museum at St. Petersburg, but
he died in 1767 from injuries caused by the explosion of a retort filled with
arsenic,
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The chief merit of Lehmann is his accurate description of
the stratified rocks (ZF/otzgebirge). He distinguished thirty
successive bands of rock in the stratified system of Ilfeld and
Mansfeld, and set forth the geological structure of that district
in an accompanying series of diagrams and sections. Many of
the terms in his description of the Thuringian deposits were
adopted by him from the miners, and have been retained in
geological literature; for example, Zeckstein or mine-stone,
corresponding to the Magnesian Limestone and shales or
Upper Dyassic group in England; and rothes Zodtliegendes
(Rothliegende) or red underlyer, the unproductive basement beds
below the ore-bearing, and the equivalent of the Lower Dyassic.

What Lehmann accomplished for the Permian rocks of
Thuringia was accomplished by one of his contemporaries, Dr.
Fiichsel,! for the Triassic series in the same district. In his
Latin work, Fiichsel defined for the first time the scientific
use of the terms S#afum (Schicht), Situs (Lager), and Series
montana (Formation). He used the term ‘ formation” to
signify a succession of strata, which have been formed imme-
diately after one another under similar conditions, and represent
one epoch in the history of the earth; and this is the signifi-
cance which has continued to be attached to the term in
geology.

Fichsel recognised nine formations in Thuringia from the
oldest or fundamental rocks to the Muschelkalk :—

9. Muschelkalk, or Upper Limestone series (Middle Trias
of later authors) ;

8. The Sandstone series (now Bunter sandstones or Lower
Trias);

7. Granular Limestone and dolomitic marls (now Zeckstein
doiomite) ; '

6. The Metalliferous series (Zechslein) and copper slate
(Kupferschiefer); ( ) ' o

5. White rocks, with interbedded sand and clay;
4. Red rocks, with interbedded red marble 3

1 G. Christian Fiichsel (1722-73) studied in Jena and Leipzi k
degree of Doctor at Erfurt, and passed the g{eat portion rff hgi‘s lﬁ?e ul:] :
physician in Rudolstadt. The results of his investigations are published in
two works; the chief work appeared at Erfurt in 1762: ** Historia terrre
et maris ex hlstnna’Thurmgi:e permontium descriptionem erecta {..Jfﬁ:ﬂ
Acad. elect, Moguntine). The second work was published independent] Ys

T;:? 3i5 Now very scarce, Entwurf sur dltesten Evd und Menschen Geschichte
; b
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3. Slates, with intercalations of marble;

2, Carboniferous series (with this Fiichsel erroneously in-
cluded the Kot/iliegende, or Lower Dyas);

1. Basal, or “Vein” series, forming the summits of the
Harz and Thuringian forest, with erect strata.

Fiichsel carefully observed and described the fossils charac-
teristic of the Muschelkalk, Bunisandsiein, the Zechstein, and
other series.

Fiichsel’s great work, though it was unfortunately but little
known during its author’s life-time, became practically the
model for the Wernerian School of geologists, and, more than
any other individual work, laid the foundation of that rapid
development of stratigraphical geology which began in Germany
in the next generation. He gave to the geological formation a
definite palzontological value, and also represented the surface
outcrop of the several formations upon an orographical map by
means of corresponding signs, letters, or numbers. Fiichsel’s
geological maps were the first of the kind in Germany, and his
text was further illustrated by detailed geological sections.

Professor Arduino,! in Padua, was the most brilliant of the
early Italian stratigraphers. He was the first who sub-divided
the stratified rock-succession into Primitive, Secondary, and
Tertiary groups. His geological observations were made on
the rocks of the Paduan, Veronese, and Vicentine districts and
the neighbouring High Alps, and he gave an excellent exposi-
tion of the composition, surface outcrop, and order of super-
position of the strata in the groups which he distinguished.

According to Arduino, the Primitive rocks are unfossiliferous,
and consist of glassy, micaceous, strongly-folded schistose
rocks, through which run innumerable veins of quartz. The
Montes secundarii contain a great number of marine fossils,
and are composed chiefly of limestones, marls, and clays.
Arduino enumerates several minor groups within the Secondary
series, and dwells at considerable length on the uppermost
white and reddish limestones, the so-called Scagéia (Cretaceous

1 Giovanni Arduino (1713-95) was Director of Mines in the Vicentine
Province and in Tuscany, afterwards Professor of Mineralogy at Padua; he
exerted a strong personal influence upon his colleagues in Italy and upon
the many foreign geologists that came to Italy for purposes of study. His
writings were very numerous and won him great repute. A list of them is
g‘i\'sen in the Bibliographic glologique et pallontologique de I’ ltalie, Bologna,
1851,
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formations). He remarks the huge blocks of granite and
schist which bestrew the exposed surfaces of the Secagiza rocks,
saying that they have been clearly carried here from Primitive
rocks exposed in the neighbouring Tyrol. But it remained for
a future age to penetrate the mystery of the transport of these
massive blocks by ice. Arduino’s Monles fertiarii consist of a
younger and highly fossiliferous series of limestone, sand, marl,
clay, etc, and he observes that the materials of these can
in many cases be shown to have been derived from the
Secondary series.

The volcanic rocks of Northern Italy were comprised by
Arduino in a separate group, and their different origin was
clearly pointed out; he included in the volcanic group not
only true lavas and tuffs, but also the fossiliferous strata with
which the volcanic rocks were interbedded. Arduino accord-
ingly referred the origin of the volcanic group to recurrent
eruptions and intermittent inundations of the sea.

The first coloured geological map was published by Gottlieb
Gliser at Leipzig in 1775. Wilhelm von Charpentier published
three years later the Mineralogy of Chur-Saxony, which ranks
along with the works of Lehmann and Fiichsel as a classic in the
early geological literature of Germany. The distribution of the
principal rocks and formations is shown by means of colours
on a large map, and the occurrence of the less important
rocks, of mineral veins and volcanic dykes, is indicated by
various signs.

Charpentier grouped granite, gneiss, mica schist, porphyry,
and limestone together as a basal formation belonging to one
and the same geological epoch. Above this basal formation
Charpentier distinguished argillaceous schists and slates, and
the greywackes of the Carboniferous series ; then the Flotz, or
ore-bearing group, which he sub-divided according to Lehmann
and Fiichsel.

Some years later, by the discovery of Goniatites and fossil
plants in the slates and greywackes, Von Trebra, an overseer
of mines, was able to confirm Charpentier’s conclusion, that
the true position of these rocks in the succession was above
and not along with the basal formation. ’

While the foregoing authors were conducting stratigraphical
researches in special localities, others were endeavouring to
enlarge our arena of knowledge by means of travel and by
observations of a more general character extended over wide
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areas. One of the most notable workers was the versatile
Guettard,! who travelled through France, England, Germany,
and Poland, and whose great desire it was to reproduce his
scientific observations on maps.

Guettard's mineralogical map of France and England
naturally cannot compare with the present Geological Survey
maps; but it certainly gives so much accurate information
regarding the local occurrence of rocks and minerals, and the
position of mines, quarries, fossil localities, mineral springs,
hot springs, coal, etc., that it can still be used with advantage.
The map is not coloured. The accompanying text refers only
in 2 very meagre and unsatisfactory manner to the strati-
graphical succession of the rocks.

It was a pet scheme of Guettard’s to publish a mineralogical
atlas of the whole of France. This gigantic plan was never
completed ; Guettard, in collaboration with his colleague, the
chemist Lavoisier, published twenty-nine parts, and Monnet,
in 1780, added thirty-one farther sheets. Indirectly, this idea
of Guettard’s was productive of very important results, for the
preparation of the maps demanded an energetic search in the
open field for the necessary data. The enthusiasm of Guettard
inspired others, and there rapidly appeared a large number of
scientific papers on the mineralogical features of different
I'rench terrains. One very interesting paper gives an enthusi-
astic account of the neighbourhood of Paris, its rocks, its
minerals, and a large number of fossils.

Guettard described the processes of land denudation effected
by the solvent and destructive agency of rain and rivers, and
by the abrasion of the waves. This is probably the first paper
in which a systematic account of denudation 1s given in its
relation to changes in the configuration of the earth’s surface.
But the most brilliant of Guettard’s achievements was his
discovery of the volcanic rocks in the Auvergne region.

In 1757 he was journeying to Moulins and Riom, when he
observed that black stones were very common on the roads
and in buildings. Recognising that these were fragments of
volcanic lava, Guettard, accompanied by his friend Malesherbes,

! Jean Etienne Guellard (1715-86), son of an apothecary, while still a
Loy displayed a passion for natural history, especially for botany; studied
medicine in Paris, afterwards accompanied the Duke of Orleans on his
travels, and was made keeper of his natural hislory collections. In 1734
he was elected a member of the French Academy.
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followed the traces of the lava, and was thus guided to the ex-
tinct volcanoes in Auvergne, which had up to that time been
unknown in mineralogical science. His famous paper, entitled
““Sur quelques montagnes de la France qui ont €té Volcans,”
was presented at the Royal Academy of Sciences in 1752, and
published in 1756. His paper on basalt was published in
1770.

Giraud Soulavie, abbot at Nimes, investigated the extinct
volcanoes in Vivarais, Velay, Auvergne, and Provence. His
chief book, Histoire naturelle de la France meridionale (Nimes,
1780-84), gave an accurate description of the rocks of the
neighbourhood. In it Soulavie strongly advocated the vol-
canic origin of basalt, and described minutely the physical
peculiarities and the divisional planes of basalt rock. He also
made an attempt to’ determine a chronological succession of
the volcanic eruptions upon the basis (1) of the position of
the basaltic flows above or below rocks of other composition
and origin, (2) of the preservation of the scoriaceous and
slaggy surfaces, (3) of the variations in the height of the
extinct craters. Even although the succession drawn up by
Soulavie could not be other than faulty, owing to the ele-
mentary state of stratigraphical knowledge at that time, it was
a remarkable piece of work, and fully justifies for him a high
place amongst the geologists of the end of the eighteenth
century. His own contemporaries were inclined to see rather
the weaknesses than the excellences in the work of the country
abbot. Many of Soulavie's conceptions and observations have,
h]t;rmrer, proved themselves to be eminently fruitful and valu-
able.

Rouelle, a lecturer on chemistry, seems to have been an
exceptionally acute thinker. In a short introduction to a
series of lectures on chemistry, Rouelle touched on the origin
of the earth and the composition of its crust. He distinguished
“an old and a new earth.” To the first he reckoned granite,
in the latter he placed all calcareous, argillaceous, and arena-
ceous rocks, together with the fossils contained in them. The
fossils were, he said; distributed in the succession of rocks in
a definite order of development, and these extinct forms had
di'ﬂ'erﬁd in the different lands according to environment and
cllma_.tge, just as the existing faunas and floras differ in different
localities at the present day. Rouelle further explained the
coal seams as accumulations of plants; the rough limestone
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of Paris as a mass of fossil molluscs, amongst which the genus
Cerithia predominated; and the limestones in Burgundy and
in the Morvan as similarly an aggregated mass of ammonites,
belemnites, and gryphites. Unfortunately, Rouelle published
nothing more than the bare outline of his ideas, and they failed
to benefit the general development of geology.

A Swedish mineralogist of wide repute was Johann Ferber,
who taught first in St. Petersburg, afterwards in Berlin, and
finally settled in Switzerland. He was an indefatigable
traveller, and wrote interesting series of letters relating his
impressions and observations during journeys in nearly all
European countries. His description of the neighbourhood
of Naples, and still more his account of the ejected rocks
of Vesuvius, are among the finest scientific writings of the
eighteenth century.

Ignaz von Born, an Austrian, was a learned mineralogist, and
a palzontologist of far keener insight than most of his con-
temporaries. Like Rouelle, he realised the great part that
fossils were destined to play in historical geology, observing
that successive assemblages of fossils gave indication of the
different geographical and climatic conditions which had
obtained in the same area during successive ages. In one of
his treatises, Von Born recognised that the * Kammerbiihel ”
near Franzensbad was an extinct volcano, but this opinion
was at the time attacked and contradicted by Reuss, the

Neptunist.

G. L. Leclere de Bujffon)—1It was only natural that misgivings
should have been aroused in the minds of many thinkers
regarding a science whose literature frequently indulged in
unfounded and fantastic hypotheses, and whose votaries seemed
often to arrive at worldly distinction without having displayed
any deep scientific knowledge or accurate observation of
nature.

Buffon gave expression to this widespread feeling among his
contemporaries when he made the sarcastic remark that

1 George Louis Leclerc de Buffon, born at Montbard in Burgundy in
1707, was the son of a wealthy land-proprietor and Member of Parliament,
Benjamin Leclerc. In the early part of his scientific career, he devoted
himself to physics and mathematics, but was appointed in 1739 to succ?ed
Dufay as Director of the Botanical Garden at Paris. He received the title
of Count with the surname De Buffon. He died in Paris in 1738.
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geologists must feel like the ancient Roman augurs who could
not meet each other without laughing. Nevertheless, he
resolved to gather together all the actual observations hitherto
recorded in geological science, and to construct a more reason-
able history of the earth upon this recognised basis.

His first geological work, Z%éorie de la Terre, which was
published in 1749, marked little advance upon current
literature, but it was an able argument against the principles of
the earth’s origin held by Whiston, Burnet, Woodward, and
Leibnitz, and boldly denounced the popular idea of a universal
Deluge. His great work, Zpogues de la Nature, appeared
twenty-nine years later, in 1778.

Buffon there enumerates five * facts” of first importance,
and five additional “ monuments” or comments. The *“ facts”
are physical in character; they postulate the oblate-spheroidal
form of the earth; compare the small amount of heat received
from the sun with the large supply possessed by the body of
the earth; the effect of the earth’s internal heat in altering the
rocks of the crust; and the presence of fossils everywhere over
the earth, even on the tops of the highest mountains. The
‘“monuments ” assert that all limestones consist of the remains
of marine organisms, and that in Asia, America, and the North
of Europe the remains of large terrestrial animals occur at a
small depth below the surface, showing that they apparently
dwelt in these regions at no very remote age; whereas the
deeper-lying remains of marine creatures in the same region
belong to extinct species, or are related only to forms now
inhabiting far distant seas.

Starting from these axioms, Buffon portrays in very attractive
terms the beginning, the past, and the future of our planet.
He derives the material of our earth and the other bodies of
the solar system from the impact of a great comet with the sun.
‘The earth’s material assumed the form of a spheroid flattened
at the Poles, and for 2,936 years continued in a molten state.
This was the first epoch in Buffon’s scheme, and he determined
its length of duration by a series of experiments with balls of
melted iron of different sizes. In the same way he determined
the duration of the molten state to be 644 years in the case of
the moon, 2,127 for Mercury, 1,130 for Mars, 5,140 for Saturn,
and 9,433 years for Jupiter. The period required for the earth

to cool down to its present temperature was calculated by
Buffon to be at least 74,800 years.
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To the second epoch (c/7ca 35,000 years) Buffon assigns the
gradual consolidation of the material at the earth’s surface.
The occurrence of rents in this primitive crust allowed the
influx of molten metallic ores, and was the first cause of surface
irregularities. At the commencement of the third epoch (ca.
15-20,000 years), the cooling of the earth proceeded so far that
the atmospheric vapours were precipitated and gave origin to
the primitive universal ocean. Then began the development of
life in the warm waters and the accumulation of marine sedi-
ments. (Gradually the mountains and continents appeared, the
tapering of the continents towards the south being due to the
rush of oceanic currents from south to north. The fourth
period (ca. 5000 years) was signalised by a sudden accession
of the earth’s internal heat, with the result that violent volcanic
eruptions burst forth, and were accompanied by gigantic
convulsions of the earth’s crust.

The fifth period saw calm restored, but the equatorial regions
were still so hot as to be uninhabitable. Life flourished over
large continental regions at the Poles, and the large terrestrial
animals, elephants, mastodons, the rhinoceros, and others, came
into existence. As the heat continued to diminish, the faunas
and floras gradually migrated southward.

The sixth period saw the decimation of a continuous
northern continent into several portions, and many local
changes in the extent and position of the seas, Man appeared
and began to struggle with lower creation for the means of
existence.

The seventh period is the epoch of Man’s lordship in the
world, and this will continue until the earth cools to a tempera-
ture twenty-five times colder than that of the present age, when
all Creation on the Earth’s surface will be annihilated.

Buffon’s merit consists in the bold construction and masterly
exposition of a theory which for the first time brought the
historical possibilities of geology to the forefront. His calcu-
lation of the duration of the successive epochs had, 1t 1s true,
no empirical basis. Yet it made sufficiently clear to all readers
the author’s desire to insist upon long periods of time for the
slow processes of change in the earth’s configuration, and for
the appearance of successive forms of plant and animal life.
Some of the noteworthy advances made by Buffon were the
differentiation which he drew between the primitive rocks
formed in the second period, and the sedimentary and volcanic
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rocks of the next periods; his clear conception that the oldest
inhabitants of the ocean had become extinct and been
succeeded by younger forms; his allocation of the-early home
of the large Mammalia in Polar districts; and his belief, based
upon the distribution of land faunas, that the Old and New
Worlds had once been united as a wide Northern Continent.

The weaker features of Buffon’s work are his views about the
origin of mountains and valleys, which are far behind those
of Steno, and appear to have been taken for the most part
from the Zelliamed. He also neglected to incorporate the
important results attained by Lehmann, Fiichsel, Arduino, and
other stratigraphers. At the same time, Buffon was undeniably
one of the most gifted exponents of that speculative direction
which characterised the geological writings of the sixteenth,
seventeenth, and eighteenth centuries. This period, however,
contributed a large amount of useful material towards our
knowledge of the earth, and its many theoretical failures
brought men at last to a clearer preception that the materials
for an accurate history of the earth must be looked for in the
earth itself. But the key had not yet been discovered to the
solution of a chronological succession of rock-formations; the
study of stratigraphy was still in its infancy, and the merest
beginning had been made in the investigation of deformation
of the crust and mountain structure.

Volcanoes and ILarthguakes.—The phenomena of volcanoes
and earthquakes have always attracted a large share of
attention from geologists, not only in virtue of their majesty
and splendour, but also because of their destructive effects
upon human life and property. The philosophers of antiquity
for the most part associated volcanoes and earthquakes with a
molten earth-nucleus, or with special subterranean centres of
eruptivity, and the majority of the authors in the sixteenth,
seventeenth, and eighteenth centuries supported one or other
of these views.

Martin Lister had a theory that when sand or other material
with an admixture of sulphur weathered in the atmosphere, the
sulphur became heated and exploded, causing volcanic erup-
tions. Lemery, in 1700, put Lister’s theory to experimental
test; he showed how a mixture of sulphur, iron filings, and
water imbedded in earth becomes heated, and finally bursts
open the earthy covering and emits flame and vapour.
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The submarine eruptions at Santorin, in 1707, were fully
reported by Vallisnieri and Lazzaro Moro, but Mount Vesuvius
was the velcano which proved the chief source of interest
throughout the sixteenth, seventeenth, and eighteenth centuries,
when it was visited by cultured men of all countries during
their travels in Italy.

The Royal Librarian in Naples, Father della Torre, in
1755 compiled a complete record of all the active eruptions
and other phenomena observed at Vesuvius from 79 A.D. to the
middle of the eighteenth century. Valuable information about
Vesuvius, Etna, and the surroundings of Naples is contained
in the letters addressed by the English ambassador at Naples,
Sir William Hamilton, to the President of the Royal Society in
London. And the handsome volume, with fifty-nine coloured
plates, by the same author still holds its reputation as one
of the most trustworthy historical and scientific accounts of
Mount Vesuvius.

The progress of travel in the sixteenth, seventeenth, and
eighteenth centuries gradually added a knowledge of the wide
distribution of volcanic mountains. Besides the S. European
volcanoes and Mt, Hecla in Iceland, geographers recognised
the active volcanoes of Kamtschatka, of Japan, the Sunda
Isles, the Philippines, the Canary Isles, the Azores, the West
Indies, Mexico, and Peru.

Meantime Guettard’s discovery of the extinct volcanoes of
Auvergne gave a new impulse to the mineralogical study of
the volcanic rocks in that vicinity.

Nicolas Desmarest, a French Professor, opposed Guettard’s
erroneous conception that the Auvergne basalt pillars had
crystallised from a watery fluid, and demonstrated the
resemblance of the Auvergne basalt to certain recent lavas.
He showed that in the Auvergne district true basalt is
frequently covered by volcanic ashes or rests upon ashy
material, that the transition in the field from basalt to
true lava is quite gradual, and that the basalt everywhere
presents the character of a volcanic mass that has been
originally molten and has afterwards consolidated. He
thought, further, that basaltic rock frequently showed transitions
to porphyry (trachyte and phonolite), and this again into
granite, and concluded that all these rocks probably originated
from a molten state, the granite representing rock solidified
from a less fluid state of the volcanic magma, and basalt
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representing rock formed from a completely molten magma.
In spite of Desmarest’s mistaken views about the relationship
of basalt to porphyry and granite, he was the first clear
exponent of the igneous origin of these rocks. He was
besides a pioneer in the comparative method of study-
ing the igneous rocks. Papers confirming Desmarest in his
estimate of the igneous origin of basalt, porphyry, and
granite were contributed by Raspe in Hesse, by Professor
Arduino in Padua, and by Mr. Strange, the English consul
in Venice.

Faujas de Saint-Fond (1742-1819), Professor in the
Museum of Natural History in Paris, brought forward
conclusive evidences of the igneous origin of basalt in his
famous work entitled, On the Extinct Voleanoes of Vivarais
and Velay. The work contains a detailed mineralogical
investigation of the ejected material of active volcanoes, and
compares them with the rocks present in Vivarais and Velay.
In the course of his journeys in Southern France he found
a volcanic tuff identical with the Pozzuolo earth, and
established the flourishing industry of the preparation of
cement. Saint-Fond's descriptions and illustrations of the
extinct volcanoes in Vivarais and Velay are excellent, and
have scarcely been surpassed in later publications.

The fearful earthquake which destroyed Lisbon in 1755 was
made the subject of a large number of scientific inquiries
into the causes of earthquakes. William Stukeley’s theory,
attributing earthquakes to electrical disturbances, gained a
certain amount of support abroad. Another Englishman, Mr.
Michell, suggested that the sudden expansion of vapours
enclosed in fissures and cavities of the earth’s crust caused

earthquakes and volcanoes, the upheaval of mountain-systems,
and the deformation of the rocks.

THIRD PErRIOD—THE HEROIC AGE OF GEOLOGY,
FROM 1700 TO 182z0.

_ The characteristic features of this age, and that which gave
it a rejuvenating significance in the development of geology,
was the determined spirit that prevailed to discountenance
speculation, and to seek untiringly in the field and in the
laboratories after new observations, new truths.
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Interest was directed, in the first place, towards the in-
vestigation and description of the accessible parts of the
earth’s crust. The composition and arrangement of the strata
were studied with enthusiasm. The bolder inquirers ventured
into wild recesses of mountain-chains and climbed snowy
peaks, whose difficuities had hitherto been thought insur-
mountable ; travellers explored the uninhabited plains of
Siberia, the remote mountain-ranges of Asia and America,
and brought home with them new scientific material and
observations of the highest importance for comparative re-
search.

The illustrious Professor of Mineralogy at Freiberg, Abraham
Gottlob Werner, exercised an unrivalled authority amongst the
followers of the strict descriptive method in natural history.
By the skill and eloquence of his teaching, far more than by
his books and writings, Werner inspired in his scholars and
adherents a devotion towards exact methods of study. The
public lectures given by Werner systematised for the first
time the subject-matter that should properly come within the
domain of that rapidly growing branch of science for which he
originally suggested the name *“Science of Mountains,” but
afterwards called ** Geognosy.” Werner included in his system
of geognosy the mineralogical identification of the rocks, also
the minerals present in them, and their special places of occur-
rence, the determination of the stratigraphical position of the
rocks, their thickness, and mutual relationships, as well as the
conditions under which they took origin.

Under the term “geology,” suggested by De Luc, Werner
would only recognise theoretical speculations about the origin
and history of the earth. Great though the advantages of
Werner’s method were, it was not without its weaknesses.
The chronological succession of the individual members of a
formation was not determined with sufficient precision, the
fossils were scarcely used in determining the age of a rock
stratum, and the history of organic creation was not even
recognised as a subject of investigation in geognosy.

In this respect the great pioneer was the English engineer,
William Smith. He was the first to make known on incon-
testable evidence that the stratified rocks of England could be
most securely identified and arranged in chronological order
according to their organic contents. Smith’s method of deter-
mining the age of rock-strata from the organic remains found
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in them provided an inestimable complement to Werner’s
system, since the latter rested in the main upon mineralogical
distinctions. William Smith has received the merited appella-
tion of “father of historical geology.” Two French scientists,
Alexandre Brongniart and Cuvier, attained similar results,
independently of William Smith, from their examination of
the fossils in the rocks of the Paris basin.

Thus the knowledge and comparative investigation of fossil
faunas and floras came to be recognised as a leading feature
in the study of rock-formations. Rapid studies were made in
the new direction of research by Cuvier, Brongniart, Lamarck,
Schlotheim, Sowerby, and others. The name of Paleontology
was given to the special department of zoological and geo-
logical science that treated of extinct organic forms,

During this period (1780-1820), while advances were being
made in empirical methods of study, the theoretical aspect
of geology remained for the most part on the old lines.

The theories of the universe presented by De Luc and De
la Métherie are largely imaginative. Cuvier's Catastrophal
Theory still betrays the dominating influences of the older
literature. Werner’s hypotheses about the origin and de-
velopment of the earth scarcely rise above the ideas current
in the seventeenth and eighteenth centuries. Indeed, the
erroneous views held by Werner with regard to the origin of
basalt and of volcanoes, together with the one-sided character
of his Neptunistic doctrines, appreciably retarded the progress
of geology.

The opponents of the Neptunistic doctrines were the
Plutonists and Volcanists, who numbered in their ranks
many observers of world-wide repute—e.g:., Hutton, Dolomieu,
Von Humboldt, Von Buch, Breislak. Yet the early Plutonists
had no great array of facts before them, and their teaching was
necessarily inadequate for purposes of generalisation.

On the whole, however, the close of the eighteenth and
beginning of the nineteenth century was a period made
memorable in geology by the pioneer labours of a brilliant
phalanx of scientific men — Werner, Saussure, Humboldt
Hutton, W. Smith, Cuvier, Brongniart, and others. Thei:-
works and teaching stirred new activity and interest in this
branch of research in the mining-schools of Europe, and
numerous adherents gathered round the intellectual ﬁerues

|ﬁf the age. Students were attracted by the freshness of the
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mineralogical and geognostic discipline, as it now came to be
enunciated in professorial courses of lectures, and ahove all
by enthusiasm for a science which had largely to be pursued
out-of-doors, and therefore offered wide scope for the physical
as well as the mental energies of youth.

Following the guidance of their great leaders, a numerous
band of workers, by their unabated zeal in collecting and
identifying fossils and rock-specimens, no less than by un-
remitted observations in the field, established the young
science of geology upon a platform of equality with other
spheres of scientific knowledge.!

LPallas and De Saussure.—Pallas and De Saussure are two
of the few scientific men of the latter half of the eighteenth
century who endeavoured to explain the surface conformation
of the earth upon principles of stratigraphy and structure.
Peter Simon Pallas, born in Berlin in 1741, came of a highly

! The chief seals of mineralogical and geognostic teaching at this time
were the mining-schools; thal of Freiberg was founded in 1765, Schemnilz,
1770, St. Petersburg, 1783, and Paris, 1790. Geology was also associated,
at least in Germany, with the literature of mining and mineralogy. Voigl
published a magazine on mineralogy and mining inlerests (Weimar, 178g-
91). A number of important papers on geology, mineralogy, and mining
are contained in C. E. von Moll's Jakrbiicher der Bergund Hitllenlunde
(Salzburg, 1797-1801), a series which continued Lo he published until 1862.
K. C. Leonhard’s Pocket-book (Taschenbuch) for Mlineralogy was founded
in 1807, and soon took the first rank among the German journals, which
it has conlinued to retain to the present day, its title having been changed
in 1830 to Jakrbuch fiir Mineralosie, Geologie, und DPetrefaltenkunde
(Paleontology). Ballensledt’s Archiv fiir d'e neuesten Entdeckungen
in der Urwelt (Quedlinburg and Leipzig, 1809-24, 6 vols.) were
chiefly devoted to the occurrence of human remains, diluvial animals, and
other fossils, likewise to questions of a theoretical nature. In France, the
Jowrnal des Mines (Paris, 1795-1815) corresponds to these German publica-
tions. From the year 1816, this magazine received the title Annales des
Mines, which it still hears. The _Journal de Plysique, published by Rozier
and De la Métherie, contains a number of theoretical papers by De Luc
and De la Métherie, and also important petrographical communications by
Dolomieu, Cordier, and others. In England, the Geological Society of
London was founded in 1807, and geological and paleontological papers
were alterwards published in the Zransactions, later in the Proceedings
and Quarterly Journal of this Society; previously conlributions in these
branches of science had been published chiefly in the Zramsactions of
the Royal Societies of London and Edinburgh, In the other European
States, scientific Societies and Academies were zealous in the publication
of special papers on geological and paleontological subjects. f
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gifted family. His father was professor of surgery, his mother
belonged to the French colony in Berlin. His inborn talent
for languages developed early; while still at school, he
mastered French, English, and Latin in addition to his native
tongue. He studied medicine and natural science at Berlin,
Halle, Gottingen, and Leyden, and after a visit to England,
settled at the Hague in 1763, to devote himself exclusively to
science. The turning-point in his career was an invitation to
fill the chair of Natural History in the Imperial Academy of
St. Petersburg, and the further request that he should
undertake the leadership of an expedition to Siberia, planned
by Empress Catherine II. ,

Pallas spent six years of great privation (1768-74) in
Eastern Russia and Siberia, exploring the plains, rivers, and
lakes, with a view both to their geography and to their faunas
and floras, and he also examined geographically the Ural and
Altai mountains,

Partly during the expedition and partly afterwards, Pallas
published a three-volume work containing an account of his
travels and observations. Few explorers have contributed
such a vast wealth of geographical, geological, botanical,
zoological, and ethnographical observations as Pallas has done
in this justly famous work.

In 1793 Pallas commenced a journey of two years’ duration
in Southern Russia and the Crimea. He liked the province
of Taurida so well that he afterwards took up residence there
upon an estate presented to him by Empress Catherine. He
continued his scientific researches for several years, until,
failing in health and saddened by the loss of his wife, he
returned to his native city in 1810, and died in Berlin
in 18711.

Pallas occupied a high position in the scientific world.
He achieved his successes mainly in zoological and geograph-
ical research, but he also contributed much to the progress of
geology. His geological views are contained in a treatise
published by the St. Petersburg Academy, Consideration of
the Structure of Mouniain-Chains (1777), and in the Physical
and Topographical Sketches of Taurida (1794).

John Michell had in 1760 published in the LPhilosophical
Trﬂﬂiﬂﬁ:ﬂﬂﬂ.ﬁ‘ a series of observations on earthquakes and
mountain-structure. This paper was accompanied by an ideal
section through a mountain-system, showing a central core
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composed of the crystalline massive rocks, on either side a
succession of uptilted and upheaved strata covered in their
turn by younger, slightly tilted, or horizontal deposits
composing the neighbouring plains. Michell, however, did
not draw any general conclusions. Pallas was enabled from
his wide experience to fill in the details of Michell’s skeleton
plan of 2 mountain-system,

According to Pallas, granite forms the core of all great
mountain-systems. It is covered by unfossiliferous schistose
rocks of various kinds, serpentine, porphyry, etc. These rest
against the granite in highly-tilted or vertical positions, and
are themselves succeeded by argillaceous schists and shales,
and by thick masses of limestone containing marine fossils.
The shales and limestones have highly-tilted positions where
they occur in the inner parts of a mountain-system, but
become less tilted and horizontal in the outer portions, the
number and variety of the fossils at the same time increasing.
The low hills and plains are composed either of sandstone, marls,
and red clay with stems of trees and twigs of land plants, or
of loose material, with the bones of large land mammals.
Pallas examined the mammalian remains with great care.
He proved the astonishing frequency in the occurrence of
mammoth, rhinoceros, and bison in the Siberian plains, and
described a rhinoceros corpse with hide and hair complete,
imbedded in the sand and pebbles on the bank of the Willui
river. He also stated that great accumulations of sand
and sulphur occur in the schistose zone of rocks, and that
the decomposition of those materials gives origin to volcanic
disturbances, which however affect only the rocks above the
schistose zone and the granite.

The primeval ocean of the globe, in his opinion, never stood
more than 1oo fathoms above the present sea-level, so that
the granite core of the mountain-chains could not have been
covered byit. All mountain-ranges composed of schists, lime-
stone, and younger formations, or, as Pallas called them, the
mountains of the second and third order, owed their upheaval
to volcanic force. The schist mountains had originated before
the creation of living creatures; then the limestone ranges
rose above the primeval ocean, and some of these, such as the
Alps, in relatively recent periods. The mountains of the third
order were due to the last volcanic eruptions. The upheaval
of mountain-chains was always accompanied by violent ground-
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tremors and by other disturbances of the earth’s surface.
Great cavities formed in the earth’s crust and filled with
sea-water; or, sometimes, portions of the continents were
devastated by floods. In illustration of this, Pallas said that
at the outbreak of volcanic action in the Indian Ocean and
South Seas, “whick two seas seem to occupy a position above
one common volcanic are,” the waters of the Equator were
forced towards the Poles, and carried northward from India
the plants and animals that now lie buried in the loose gravels
of the Siberian plains. This was the explanation he gave
of the occurrence in such remarkable number of bones of
mammoths, rhinoceroses, and buffaloes in Siberia.

Although this explanation and many of his opinions
about volcanoes were erroneous, there can be no
doubt that Pallas was an accurate observer, and that his
broadly conceived delineation of the surface conformation,
general sculpture, and physical characters of a huge and
hitherto untravelled territory, conferred an inestimable boon
on the struggling natural sciences. The works of Pallas have
been the basis of all later geological investigations in eastern
and southern Russia, in the Ural and Altai mountains, and in
Siberia.

A life-long student of the French-Swiss Alps, Horace
Benedicte de Saussure must always be given the place of
honour amongst the early founders of the science of the
mountains. Born in Geneva in 1740, the scion of a noble
and rich patrician family which had already won high
scientific repute in the previous century, De Saussure en-
joyed in his early years and education every advantage of
wealth, culture, and influence. As a boy he rambled in
the country around Geneva, diligently collecting plants and
minerals. But the mountains near Geneva failed to
satisfy the enterprise of the youthful student. At the age
of twenty he made his first walking tour to Chamonix, and
from that time resolved to devote his life to the study of the
Western Alps. Two years later he was appointed Professor of
Philosophy at the Academy of Geneva.

In 1787, at the head of a well-equipped party, he carried out
the first ascent of Mont Blanc. In the following year he
spent eighteen days in the Col du Géant, at a height of over
10,000 feet; and between 1789 and 1792, he climbed the
summits of Monte Rosa, the Breithorn and Rothhorn. In
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1Y94 a stroke of paralysis put an end to his mountaineering
activity, and in 1799 he died. |

Saussure’s glowing descriptions of the Alpine world removed
the prejudice against the ““ Montagnes Maudits,” and awakened
a feeling of enthusiasm for the infinite wonderland of beauty
and delight in the higher altitudes of the Alps. Apart from
his achievements in science, De Saussure may be regarded as
the pioneer of a practically new cult in human enjoyment, the
love of mountain-climbing.

His great work, Voyage dans les Alpes, is a model of clear
language, exact observation, absence of bias, and cautious
reserve in forming general conclusions. His style is simple,
concise, without rhetorical efforts, yet by no means devoid of
elegance. At the outset De Saussure laid down the principle
that we need not expect to advance our knoivledge of the
earth’s past by a study of flat plains; that only by solving the
problems presented to our view in mountain-systems can we
hope to gain insight into the series of biological and geological
events in the history of our world. His chief concern was to
observe accurately ; he placed little importance on theoretical
speculations.

The descriptions of his journeys start with the environment
of Geneva,—with Mont Saltve, the Rhone Valley, and the
south-west Jura,—continue into the Dauphiné, across the
Tarentaise and Maurienne group, the Mont Cenis Massive,
the Ligurian Alps, and embrace the Provence and the Rhone
Valley. The district examined in greatest scientific detail was
that of Mont Blanc and the Valais group; but he also travelled
through the St. Bernard group, the Berne and Gotthard Alps,
and the neighbourhood of Lake Lucerne. Everywhere he
observed and noted the local varieties of rock and the
occurrences of minerals and fossils. He also entered the
strike and dip of the strata upon topographical maps, although
he made no attempt at geological maps and sections.

In his views on mountains tructure, De Saussure followed
Pallas. He showed that in the Western Alps, as in the Ural
mountains, a central core of granite, gneiss, and other primitive
rocks, was succeeded by stralified but unfossiliferous shales
and schists of different kinds. The schistose rocks were most
steeply tilted in the Central Alps, where they came into
proximity with the primitive rocks, while towards the outer
Alps the secondary rocks (limestone, sandstone, conglomerates)
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followed in less tilted positions. More striking than this scheme
of Alpine structure is De Saussure’s admirable description of
the fan-shaped arrangement of the schists in the Central Alps
of western Switzerland, and his proof that the longitudinal
valleys and the chains of secondary rock follow the strike of
the strata and the continuation of the main ridge, remaining
parallel with the leading or central chain. Saussure further set
forth the asymmetry of form presented by the Western Alps, in
respect of their gradual descent to the Swiss plains on the north
side of the Alps, and their abrupt descent on the Italian side.
He examined the mineral composition of the rocks, and the
alternation, succession, and position of the different kinds of
rock. He also studied the topographical, meteorological, and
physical relations in the mountains. A permanent addition to
the facts of pHysical geography was made by his height measure-
ments, his observations of electrical atmospheric disturbances,
his determinations of the snow-line, rise of temperature in
the ground and in the depths of the lakes, his investiga-
tions of glaciers, and of the distribution of plants at different
altitudes. '

It was not until aflter the publication of the first two volumes
of his work that De Saussure became acquainted with Werner’s
geognostic and mineralogical writings. He welcomed the new
methods and additional knowledge supplied by Werner, and
promptly tried to apply them in the district he was himself
examining. Hence we cannot blame De Saussure when we
find in the third and fourth volumes of his work, certain
ideas about rock structure and mountain upheaval that appear
contradictory to views expressed in the earlier volumes.

De Saussure also changed his opinions more than once
about valley-erosion and about the origin of the immense
thicknesses of déb»is and pebble deposits in the Rhone Valley
and at the foot of the Alps. Like Professor Arduino of
Padua, De Saussure was intensely interested in the nagelfiue
conglomerates and morainic accumulations and erratic blocks
on the outer Alpine slopes, but was no more successful than
Arduino in arriving at an explanation. He referred them all
to one geological period, during which he thought gigantic
inthrows of the crust had taken place, and the waters of the
ocean rushing into the crust-basins had fragmented, torn away,
and scattered large masses of rock.

With our present intimate knowledge of glaciation, it seems
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strange that De Saussure should have provided us with a
minute description of the rounded, hummocky terrains in the
Alps, which he termed * roches moutonnées,” and should even
have observed the scratches upon these rocks, and yet have
failed to associate such phenomena at lower Alpine levels with
anything that he had observed in the higher altitudes. On
the other hand, realising as we do to-day the extreme com-
plexity of Alpine stratigraphy, it is readily comprehensible why
in spite of the extraordinary number of his observations, De
Saussure could not construct from them any definite chrono-
logical succession of the rock-strata in the Alps. He certainly
differentiated the secondary Alpine rocks from the primitive
crystalline masses in the central chain, and distinguished the
deposits in the plain of Piedmont as Tertiary.

In his conceptions of the origin of granite, schists, and
igneous dykes De Saussure followed Neptunistic doctrines,
Finally, after much hesitation, he allowed that the sedimentary
series had been deposited horizontally and only subsequently
elevated and tilted, but he would not agree to the Volcanistic
teaching that volcanic force had upheaved the rocks. Looking
back on De Saussure’s geological writings, it might seem that
from their lack of broad generalisations they had failed to
exert a direct influence upon the progress of Alpine geology.
Yet their faithful observations have made them reliable books
of reference for all Swiss geologists to the present day. De
Saussure’s love of truth and his passion for nature, combined
with the extreme modesty of his attitude towards the science
of the mountains, have made him an ideal personality in the
annals of Alpine geology.

Endless in his energy, insatiable in his desire to accom-
plish, De Saussure, at the conclusion of his life’s labours, writes
that he has found nothing constant in the Alps except their
infinite variety. With a feeling of sadness he admits the
futility of all his eflorts to wrest the eternal truths of nature
from the majestic peaks of his native land. Then it was that
he wrote his charming book of Zustructions to Young Geologists.
He impresses upon them above all to keep their minds free
from bias in favour of one sciweniine .nion or_anokner. “tu
make it their chief aim to observe with the greatest deliberation
and detail, to omit nothing as unimportant, and at the same
time not to lose sight of the possible value of all facts In
establishing the fundamental principles of the science. .
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A. G. Werner and his School, Leopold von Buch, Alexander
gon Humboldl.—Abraham Gottlob Werner,! Professor in the
School of Mines at Freiberg, was the most renowned geologist
and mineralogist of his day. A born teacher, Werner com-
bined quickness of observation and a marvellous memory with
the capacity to marshal all the facts that came under his notice
into natural systematic order, and to reproduce them orally in
lucid language at once striking and convincing to his hearers.
His first original work, On the External Characters of Fossils,
placed him at once in the front rank of living mineralogists.
His fame rose still higher when he began in 1780 to deliver a
course of lectures on the science of rock-formations, or, as he
<alled it, *“ Geognosy.” He derived the fundamental concep-
tions in his teaching of the formations from the admirable
systematic arrangement introduced by the Swedish mineral-
ogist, Tobern Bergman. Werner’s creation of the study of
rock-formations into an independent academical discipline was
far-reaching in its effects. Thoughts that had been vaguely
shaping themselves in the minds of a few scientific thinkers,
important contributions to knowledge which had been locked
up, except for the very learned, in the Transactions of scientific
societies, were assimilated and mastered by Werner, and
taught by him with such precision and enlightenment that
Freiberg became in a few years the European lodestar for the
study of mineralogy and geognosy.

The Professor never relaxed his reading and research; his
lectures were not written, and they were fresh every year. Kept
in touch as he was with all the great academies and universities
by the floating body of students whom his teaching attracted,

! Abraham Goltlob Werner was born on the 25th September 1749
{ﬂﬂqﬂrdlng to Frisch, 1750), at Wehrau in Saxony, He elonged to a
lamily which had been actively engaged in the mining industry for three
hundred years. His father, who was overseer of a foundry for hammered
iron work, taught him in his boyhood to recognise nearly all the known
minerals, and aftera short period of residence at a school in Silesia Werner
returned to take part in the same foundry as his father. Al LEE
eighteen he visited Freiberg in the course of a holiday tour, and the sight
of the collections and mining schools there roused in him an Enthusiasgtic
desire to take up the study of minerals and mining as a career. He studied
at Freiberg and IEIPE{g, and in 1774 published his first paper on *‘ The
External Characleristic Features of Fossils,” In 1775 Werner was ap-
pointed Inspector of Collections and teacher in the School of Minesagt

Freiberg, I '
£ IH}IE}E;E This post he held for more than forty years, and died unmarried

age of
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Werner knew the best of the new work that was being done
elsewhere. From all parts of Europe students came, and,
when they returned to their own countries, they spread the
teaching of geognosy and mineralogy as Werner had taught it
to them. It was the spoken word of Werner that carried. Of
written words no man of genius could have been more chary.
His dislike of writing increased as he grew older, till he
could scarcely bring himself to reply to the most important
letters. Cuvier relates that the letter which announced to
Werner that he had been elected a Foreign Member of the
French Academy was left unopened by the Professor and was
never answered.

With the exception of a number of mineralogical papers, and
a short classification and description of the different rock-
formations, Werner published only a single work on the origin
of dykes, and a series of very short articles on basalt, trap-
rock, and the origin of volcanoes. He never published his
academical courses of lectures; for an account of these we
have to turn to notes published by his students, sometimes in
abridged and sometimes in extended form. Werner had, how-
ever, more than once to disown these published notes, as they
failed to represent the true sense of his lectures.

The most trustworthy reports of .Werner’s *‘ geognosy ” are
probably those written by Iranz Ambros Reuss in the third
part of his text-book (Leipzig, 1801-3); by D’Aubisson de
Voisins in his Zraité de Géognosie (Strasburg and Paris, 1819);
and by Jameson in the Z/lements of Geagnosy (Edinburgh, 1808).
Werner himself published only one lecture—* Introductory to
Geognosy "—delivered at Dresden.

Werner defined “ Geognosy” as the * Science which inquires
into the constitution of the terrestrial body, the disposition of
fossils (Z.e. minerals, cf. p. 15) in the different rock layers, and
the correlation of the minerals one to another.” In his
lectures, he began with a short epitome of mathematical and
physical geography, and with a discussion of the natural
agencies which alter the conformation of the globe.

Proceeding to the consideration of the earth’s crust, Werner
described all the varieties of rock and entered in detail into
their structure, their position, their chronological succession,
and their technical value as rich or poor metalliferous layers.
Certain varieties of rock (shale, limestone, trap-rock, porphyry,
coal, talc, and gypsum) were thought by Werner to have been
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recurrent groups in the rock-succession, and he treated them

as ‘““suites” or series, characteristic of each successive epoch

in the earth’s history. Largely following the precedent of

Bergman, who had distinguished four principal rock-formations,

Werner erected five so-called formation-suites in his chrono-

logical scheme of the rocks :—

5. Volcanic rocks, sub-divided into true volcanic (lava,
volcanic scoriee and ashes, pepperino, tuff) and pseudo-
volcanic rocks (burnt clay, jasper, polishing-stone, slag).

4. The transported or derivative rocks with the formations
nagelflue, sand, clay, pebbles, calcareous tufa, bitu-
minous wood, soapstone, aluminous earth, etc.

3. The Fiolz rocks with the formations old sandstone, coal,
old Flotz limestone, the ore-bearing or ‘ Zechstein”
rocks, bituminous lignite, Muschelkalk, freestone and
chalk, basalt, pitch-coal, brown-coal, etc.

The transitional rocks with the formations clay-slate,
crystalline schist, greywacke, transitional greenstone,
gypsum and the first organic remains.

1. The primitive rocks with the formations granite, gneiss,
mica schist, slate, primitive greenstone and limestone,
quartzite, hornblende schist, porphyry, serpentine,
chlorite and talc schist, primitive gypsum, etc. No
organic fossil remains. -

According to Werner, the primitive rocks originated during
the first chaotic period of the earth before the existence of
organic creatures, by chemical crystallisation of rock-material
from an aqueous solution. In the #ransitional period, the slates
and shales were held to represent chemical precipitates; the
greywackés to have been mechanical deposits. During the
accumulation of the /#//z series, periods of disturbance
alternated with periods of quiet deposition; the waters
frequently receded from land areas, and again inundated the
young continents. These varying conditions continued during
the succeeding epoch of active transportation, and finally gave
place to an epoch of violent volcanic outbreaks, the immediate
cause of which Werner believed to be the ignition of deposits
of coal in the earth’s crust.

Werner's practical knowledge of mining methods served him
in good stead when he came to study the strike and dip and
relative position of the rocks from a scientific point of view.
His application of more exact methods in taking field observa-

L
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tions, and his introduction of a number of new and precise
terms for stratigraphical purposes, marked an advance in the
study of the earth’s crust scarcely less important than his
masterly classification of the rocks according to their mineral
constitution.

Unfortunately, Werner's field observations were limited to a
small district, the Erz mountains and the neighbouring parts
of Saxony and Bohemia. And his chronological scheme of
formations was founded upon the mode of occurrence of the
rocks within these narrow confines. To him in that rich
mining district the minerals seemed all-important, and the
occurrence of organic remains [ell into insignificance. Again,
he held strong convictions that the ores present in veins and
layers had separated out from supersaturated aqueous solutions
of the metals, and he sought to explain in a similar way the
origin of the massive granitic and schistose kinds of rock.
The Wernerian doctrine was all the more attractive as it
seemed so simple. It taught that all the rocks of the- crust,
like the earth’s body itself, had taken origin from aqueous
solutions, either as chemical or as mechanical precipitates,
while volcanic lavas and scoriee represented rock-material that
had been so precipitated but had subsequently been melted
and ejected.

Werner was equally narrow in his ideas about the strati-
graphical relationships of the rocks. As a fundamental
principle he held that all varieties of rock had been deposited
in the same horizontal or tilted positions as they now occupy.
But strata inclined at an angle of more than 30" owed their
high inclination to local disturbances, such as the collapse of
crust-cavities, landslips, etc. These local inthrows and slips
exerted little influence upon the connection of the strata as a
whole ; rather, the successive deposits enveloped the earth
with the uniformity of the integuments of an- onion.

Werner gave little credence to the opinions of Pallas and
Saussure regarding the elevation of wide continental territories
and the upheaval of mountain-chains. Like De Maillet and
Buffon, he ascribed the inequalities of surface conformation
exclusively to the erosive agency of water, more especially to
the strong currents created during the retreat of sea-water after
its periodic inundations of the land.

Similarly, with regard to the origin of basalt, he came into
conflict with the results obtained by the leading authorities on
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volcanic rocks in his time—Desmarest, Raspe, Arduino, and
Faujas de Saint-Fond. Werner had at first included basalt
among the rocks of highest antiquity; subsequently he re-
moved it to the Flotz formation. In 1788, after a visit to
the Scheibenberg, a basaltic summit in the Erz mountains, he
wrote a special paper on basalt, from which the following
passage is extracted :(—

“ The basalt rock is separated by several beds of sandstone,
clay, and greywacke from the basal gneiss. The transition
from one stratified bed to the next in upward succession is
quite gradual. Even the greywacke merges gradually into the
clays below it and the basalt above. Therefore the basaltic,
clayey, and sandy rocks all belong to one formation, have
all taken origin as moist deposits, precipitated during one
particular epoch of submergence in this district.

“All basalt was formed as an aqueous deposit in a com-
paratively recent formation. All basalt originally belonged to
one widely extended and very thick layer, which has since
been for the most part disturbed, only fragments of the original
layer being left.”

Voigt, who had been a scholar of Werner, opposed this so-
called “new discovery,” and said that the Scheibenberg basalt
was of volcanic and not aqueous origin, that it represented
an old lava which had flowed over a sandy substratum. A
lengthy controversy ensued, in the course of which Werner
wrote his paper tracing volcanic activity to the burning of
coal in the earth’s crust. He argued that during volcanic
action basaltic deposits might be converted into lava, if it so
happened that the coal-beds were subjacent to the basaltic
beds in the crust. The controversy between Neptunists and
Volcanists waged for many years in Germany, and much labour
and time were lost in the discussion of difficulties which had
already been solved in other European countries.

The New Theory of the Origin of Mineral Veins was
Werner’s last contribution to science. His theory was that
surface-water descends through crustfissures; vein-stuff is
precipitated from the water, and gradually fills up the fissures.
Although this theory is no longer accepted for the majority
of ore-deposits, Werner’s work proved of the highest value
in mineralogical science, since it contained a large store of
accurate information about mineral veins, and suggested new
methods of determining the relative age of vein-deposits.
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So strong was the personal influence of Werner, that the
Neptunian doctrines which he inculcated continued to hold
their place for several decades—until, in fact, three of the
greatest of his scholars, D’Aubisson de Voisins, Leopold
von Buch, and Alexander von Humboldt, stepped into the
ranks of the opponents of Neptunism.

Leopold von Buch was the most illustrious of the geologists
taught by Werner. The later writings of Leopold von Buch,
published between 1820 and 1860, are those on which his
fame chiefly rests; but from the year 1796 he was actively
engaged in travel and research, and his earlier writings con-
tributed in a great degree to establish the science of geology.

Leopold von Buch was born on the 26th April 1774, at the
Castle of Stolpe in Pomerania, the son of a nobleman with
considerable property. While still a boy he displayed a passion-
ate love of scientific inquiry, and his fondness for chemical
and physical mineralogical studies led him to select the Mining
Academy of Freiberg for his collegiate course. While there,
Alexander von Humboldt and Freiesleben were among his fellow-
students, and with them he formed close ties of friendship.
He made his home for nearly three years (1790-93) with
Professor Werner, for whom he entertained the deepest senti-
ments of reverence and friendship; and these were in no
way altered when, in after years, some of his opinions began
to diverge from the teaching of Werner.

Von Buch made several excursions during his student days
into the Lrz mountains and Bohemia, and published a paper
on the neighbourhood of Karlsbad. TIrom 1793 to 1796 he
studied in Halle and Gottingen, and became acquainted with
Harz, Thuringia, and the Fichtel mountains. In 1796 he
accepted office in the Mining Department of Silesia, but
resigned in 1797, in order to devote his entire time and energy
to travel and research. His stay in Silesia resulted in the
publication of an important treatise on the mineralogy of the
neighbourhood of Landeck, and an attempt at a geognostic
description of Silesia. He spent the winter of 1797 in Salzburg,
together with his friend Alexander von Humboldt, and in the
following spring set out on his first journey through the Alps
to Italy. He visited the Euganean Isles and the district of
Vicenza, and stayed for some time at Rome, making frequent
excursions into the Albanian mountains. He then spent
five months at Naples, and devoted a large part of his time
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to Vesuvius. Although during these travels he began to
entertain serious doubts about the correctness of Werner's
theory of the origin of basalt, he could not convince himself
that it was untenable.

After a visit to Paris, Von Buch returned to Berlin in 1799,
and was there commissioned to investigate the occurrence of
mineral contents in Canton Neuchitel, which at that time was
under Prussian government. Neuchétel, from which ready
access was afforded into the Jura mountains and into the Alps,
now became his headquarters. Every observation was care-
fully entered in his maps, and a number of scientific papers
flowed from his ready and graceful pen.

A visit to Auvergne in 1802, and a study of the basalt and
trachyte in that area, still further shattered Von Buch’s faith in
Neptunian doctrines. In 1805 he was again at Naples, and in
the company of Alexander von Humboldt and Gay Lussac he
had the good fortune to witness Vesuvius in active eruption.

Having explored the most interesting parts in Southern
Europe, Von Buch then travelled for two years, 1806-8, in
Scandinavia and Lapland. The published account of his
travels, Zhrough Norway and Lapland, established his fame
as a gifted writer and an acute observer. Little had hitherto
been known about the climatology and geology of these high
European latitudes, and Von Buch contributed data of far-
reaching significance. For example, he pointed out that
although the rocks in these regions follow the same general
scheme of succession as Werner had drawn up, the granite
could by no means be regarded as the oldest rock-formation,
since he had observed it near Christiania in a position adoze
the Transitional Limestone. Again, he showed on mineral-
ogical evidence that many of the erratic blocks scattered over
the North German plains must have come from Scandinavia.

Von Buch also examined the raised beaches and terraces of
Scandinavia, and came to the conclusion that the Swedish
coast was slowly rising above the level of the sea. In this he
agreed with the opinion that had been formed by Playfair with
regard to the raised beaches of Scotland. On the other hand
Linnzus and Celsius had attributed the fluctuations on the
Slfandmaw:m coasts to a sinking of the water-level round the
shores, :
angln glei?:? ;:‘;‘:"1" Buch ETES chiefly engaged in mineralogical

g researches in the Alps. Meanwhile, great
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interest had been roused throughout Europe by the results of
Von Humboldt’s brilliant volcanic studies in Central and
South America, and Von Buch determined to make a special
study of some volcanic district.

Accompanied by the English botanist, Charles Smith, he
visited the Canary Isles, and in 1815 convinced himself that
they had been the centre of intense volcanic activity. In his
famous monograph, A Physical Description of the Canary
Islands, published in 1825, he enunciated his hypothesis of
upheaval craters, and distinguished between * centres” and
“bands ” of volcanic action. In 181% he travelled to Scotland
and visited Staffa and the Giant’'s Causeway. When he again
returned to the Alps, he renounced the Wernerian doctrines of
the origin of basalt and other volcanic rocks, and ascribed the
upheaval of the Alps to the intrusion of igneous rocks. About
this time he went to Fassa Valley in South Tyrol, and there he
formed a curious volcanic theory in explanation of the dolo-
mitisation of the rocks in that district.

In 1832 Von Buch edited a geological map of Germany, and
this magnificent work had already run through five editions in
1843. The last twenty years of his life were for the most part
devoted to paleontological studies, and we owe to this period
a valuable series of papers on Cephalopods, Brachiopods,
and Cystoids; also a comprehensive treatise on the Jurassic
formation in Germany, which has been the basis for all
future work on this subject. Some part of every year,
however, was spent by Von Buch in travelling. He often
went to the Alps, and he regularly attended the Scientific
Congresses. Most of his Alpine journeys were accomplished
on foot. Clad in short breeches, black stockings, and buckled
shoes, the pockets of his black coat stuffed with note-books,
maps, and geological tools, his tall, imposing figure was bound
to command attention. His travelling luggage was limited to
a fresh shirt and a pair of silk stockings. His physical en-
durance was only surpassed by his iron determination, which
could overcome all difficulties and discomforts. Socially, he
was everywhere beloved; his aristocratic bearing, his mastery
of foreign languages, his wide knowledge of science and
literature,—all combined to make him one of the most agree-
able companions. His independent means placed him in a
position of unusual influence. On the one side he enjoyed
the friendship and intimacy of his scientific colleagues, and on
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the other he moved in the first social circle in Berlin. Men
still live who can bear enthusiastic personal testimony to the
noble way in which Von Buch exerted this influence for the
benefit of science. After a short illness, he died in Berlin on
the 4th March, 1852.

Leopold von Buch was rightly regarded as the greatest
geologist of his time. He had studied in every domain of
geology; he was familiar with a large part of Europe. Wher-
ever he went, he willingly and freely communicated his own
knowledge to others, and ever rejoiced to be able to assist by
his money or his influence any one in whom he detected a
true devotion to science. At the same time he had little
patience with men of mediocre ability, and was very severe
towards importunity of any kind. His ridicule was feared as
much as his praise was valued. He was an acute thinker and
wonderful observer, and possessed in a high degree the rare
gift of clear and elegant exposition.

A complete edition of his works was published after his
death at Berlin (1867-77).

Alexander von Humboldt, the friend and fellow-student of
Von Buch, although less illustrious as a geologist, had a more
versatile and philosophical turn of mind. Like Von Buch,
Humboldt belonged to an old aristocratic family. He was
born in Berlin in 1760, studied at first in Gottingen, afterwards
in 1791-92 with Werner at Freiberg. On the completion of
his studies he was made Director of Mines, and moved from
Bayreuth and Ansbach to Steben in the Fichtel mountains.
Several papers written by him during this period on “ The
Magnetic Properties of Serpentine and other Rocks,” attracted
the attention of mineralogists. In 1793 he visited the salt
mines in the Salzkammergut and Galicia, but in 1796 he
resigned his Government appointment, to follow out inde-
pendent lines of research. During the winter of 1797-98, when
he and Von Buch lived together in Salzburg, he made a series
of observations on meteorology and earth magnetism, and
took barometric and trigonometric measurements of height.

In a treatise published in 1799, Von Humboldt endeavoured
to explain the tropical climate of earlier geological periods by
a combination of the Laplace theory of heat with Werner’s
views regarding the precipitation of the primitive rock
materials from aqueous solutions. And although his treatise
1s almost forgotten in science, it contains a number of sug-
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gestive ideas which were not without their influence in directing
subsequent investigation to the causes of great climatological
variations.

Humboldt, who was in possession of large private means,
now began to make arrangements for a few years of travel on a
large scale, and went in May 1708 to Paris. In June 1799,
accompanied by the botanist Aimé Bonpland, he set out for
Central and South America.

The expedition was undertaken primarily to obtain more
knowledge of the physical geography and botany of tropical
regions, but Humboldt at the same time devoted a large share
of attention to the volcanoes, earthquakes, and geological struc-
ture of the New Continent. He said that one of the chief
motives of his journey was to test a hypothesis which he had
formed—that the older strata composing mountain-systems
had a parallel strike. It had struck him during his stay in
the Fichtel mountains that the older members in the rock-
succession showed always a N.E.-S.W. strike; and he found
the same general strike in the Erz mountains, the Salzburg
Alps, and the “slate” mountains of the Rhine. He had
therefore concluded that all the older rock-formations of the
earth strike in N.E.-S.W. direction, and cross the meridians at
a constant angle of about 52°.

His observations in Columbia and in the coastal ranges of
the Gulf of Mexico led to the same result, and from this agree-
ment he drew the general principle that the strike of the older
strata was quite independent of the geographical trend of
mountain-systems, and was regulated by a force which took its
origin in the original laws of attraction governing terrestrial
matter. This principle has, however, proved quite untenable,
and is at the present day completely forgotten.

After a short stay in Teneriffe, Humboldt landed at Vene-
zuela, and in November 1799 for the first time witnessed an
earthquake at Cumana. He made a detailed study of
Venezuela, then spent some time in the Orinoco district, and
was in Cuba from December 1800 until March 18or1. Alfter-
wards he proceeded to New Granada, Peru, and Ecuador,
where he remained until 1803, then worked for a year in
Central America. In the summer of 1804 he returned by
Havana and North America to Paris. There he became at
once absorbed in physical and chemical studies, conducted
along with Biot, Gay Lussac, and Arago, and he also com-
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menced the publication of his great work, Zravels in the
Eguinoctial Regions on the New Continent. This work com-
prises twenty volumes; but although there were several
collaborators, the work was never quite completed, and the
expenses in connection with it swallowed up the remainder of
Von Humboldt’s means. In the spring of 1805 he visited
Italy, and with his friends, Gay Lussac and Leopold von
Buch, saw an eruption of Vesuvius.

Humboldt’s best contributions to geology were his investiga-
tion of volcanoes and earthquakes, and the broad generalisations
which he drew regarding volcanic action. He concluded
his description of American volcanoes with a review of all
the volcanic phenomena known to have transpired on the
face of the earth, and tried to demonstrate, from a large number
of observations, that the subterranean centres of volcanic action
are in direct communication with one another. He placed
great importance upon the connection of volcanoes and earth-
quakes on the coasts of the Gulf of Mexico and in the Antilles,
where subterranean disturbances were felt almost simultaneously
over a district several thousand square miles in extent. Hum-
boldt’s account of the catastrophe in the year 1759, which gave
birth to the Jorulla and five other mountains, and covered an
area of four square miles with a mass of lava, sand, and slag
five hundred feet high, still ranks as one of the most note-
worthy contributions in the whole literature of volcanoes.

Widespread interest in scientific circles was also attracted by
Humboldt’s demonstration of an eruptive fissure one hundred
and fifty miles from east to west across Central America, upon
which stand the volcanic .cones of Tuxtla, Orizaba, Puebla,
Toluca, Tancitaro, and Colima.

Through the generosity of the King of Prussia, Humboldt
was enabled to devote his energies to science. During nearly
twenty years’ residence in Paris (1808-27) he published the
series of papers which form the groundwork of his Frews of
Nature, and also a special geological work entitled Geognostic
Essay on the Trend of the Rocks in the Two Hemispheres (Paris,
1822). This work practically marked the conclusion of Hum-
boldt’s literary activity in geology. Upon his return to his
native city of Berlin in 1827, Humboldt embarked upon his
gigantic plan of producing a physical description of the world.
Twenty years passed before this plan was realised and his
famous work, Z%e Cosmos, appeared. While the work was in
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progress Humboldt led an active life in other directions. In
1827-28 he gave lectures on geography in the University and
the Singing Academy. In 1829, accompanied by Gustav Rose
and Ehrenberg, he travelled through Asiatic Russia, the Ural
mountains, and Siberia to the Altai mountains. The mineral-
ogical and geological results of this journey were published inan
independent work by Humboldt, and in several papers by Rose.

Alexander von Humboldt died at Berlin on the 6th May
1850, in his ninetieth year.

Although many of the geological ideas of the great German
scientist were not destined to endure, it is impossible to over-
rate the value to geographical and geological science of the
precedents which he created, and the wide horizons which he
disclosed.

What Buffon and Cuvier accomplished for France in attract-
ing the ardent desires of young adherents to the studies of
natural science, was accomplished for Germany, aflter the death
of Werner, by the powerful personalities of Leopold von Buch
and Alexander von Humboldt.

It is interesting to note that Germany’s greatest poet, Wolf-
gang von Goethe, was one of those who came under the
inspiring influence of Werner. Throughout his long life
Goethe never lost his interest in mineralogy and geognosy.
He wrote several papers on the more popular topics of
geognosy, and carried out some detailed researches in the
neighbourhood of Karlshad, Franzensbad, and the Fichtel
mountains. While he never could, as a loyal pupil of Werner,
look kindly upon the principles of the Plutonists, his critical
mind clearly realised that the theories of extreme Neptunists
were untenable. In his Geological Problems he expressed his
disappointment over the absurd contradictions betrayed in the
opposing theories, but arrived at no personal decision in favour
of either party. Goethe’s geologzical writings were without
significance in the progress of the science.

Hutton, Playfair, and Hall.—At a time when Werner was
in the zenith of his fame, during those seventies and eighties
of the eighteenth century when young geologists were flocking
to hear the wisdom from the lips of the prophet of geognosy in
I'reiberg, a private gentleman, living quietly in Edinburgh, was
deliberating and writing a work on the earth’s surface that will
live for ever in the annals of geology as one of its noblest classics.
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James Hutton, the author of the famous Z%eory of the Eartk,
was the son of a merchant, and was born in Edinburgh on
3rd June 1726. He received an excellent education at the
High School and University of his native city. His strong
bent for chemical science induced him to select medicine as a
profession. He studied at Edinburgh, Paris, and Leyden, and
took his degree at Leyden in 1749, but on his return to
Scotland he did not follow out his profession. Having in-
herited an estate in Berwickshire from his father, he went to
reside there, and interested himself in agriculture and in
chemical and geological pursuits. The success of an industrial
undertaking in which he had a share afforded him ample
means, and in 1768 he retired to Edinburgh, where he lived
with his three sisters. He actively engaged in scientific inquiry,
and enjoyed the cultured social intercourse open to him in
Edinburgh., The literary fruits of his life in the country
include several papers on meteorology and agriculture, and a
large philosophical work.

From his early days he had always taken a delight in study-
ing the surface forms and rocks of the earth’s crust, and had
lost np opportunity of extending his geological knowledge
during frequent journeys in Scotland, England, in Northern
France, and the Netherlands. On his tours into the neigh-
bourhood of Edinburgh he was often accompanied by his
friends, who realised the originality of many of Hutton’s views
on geological subjects, and begged him to put them into
writing. At last Hutton set himself to the work of shaping
his ideas into a coherent, comprehensive form, and in 1785
read his paper on the * Theory of the Earth ” before the Royal
Society of Edinburgh. Three years later it was published in
the Zransactions.

The publication of the work attracted little favourable notice.
This may have been due partly to the title, which was the
same as that of so many valueless publications, and partly to
the involved, unattractive style of writing; in larger measure,
however, it was due to the fact that the learning of the schools
had no part in Hutton’s work. Hutton’s thoughts had been
borne in upon him direct from nature; for the best part of his
life he had conned them, tossed them in his mind, tested them,
and sought repeated confirmation in nature before he had even

begun to fix them in written words, or cared to think of any-
thing but his own enjoyment of them.,
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Hutton’s work was projected upon a plane half a century
beyond the recognised geology of his own time. Hutton’s
audience of geologists had to grow up under other influences
than polemical discussions between Neptunists and Plutonists,
and had to learn from Hutton himself how to tap the fountain
of science at its living source.

In 1793 a Dublin mineralogist, Kirwan, attacked Hutton’s
work in ignoble terms, and the great Scotsman, now advanced
in years, resolutely determined to revise his work and do his
best by it. Valuable additions were made, and the subject-
matter brought under more skilful treatment. In 1795 the
revised work appeared at Edinburgh, in independent form and
In two volumes. It was his last effort. Hutton died in 1797
from an internal disease which had overshadowed the closing
years of his life.

The original treatise of Hutton is divided into four parts.
The first two parts discuss the origin of rocks. The earth
1s described as a firm body, enveloped in a mantle of water
and atmosphere, and which has been exposed during im-
measurable periods of time to constant change in its surface
conformation. The events of past geologic ages can be most
satisfactorily predicted from a careful examination of present

conditions and processes. The earth’s crust, as far as it is
open to our investigation, is largely composed of sandstones,
clays, pebble deposits, and limestones that have accumulated
on the bed of the ocean. The limestones represent the
ageregated shells and remains of marine organisms, while the
other deposits represent fragmental material transported from
the continents. In addition to these sedimentary deposits ot
secondary origin there are primary rocks, such as granite and
porphyry, which, as a rule, underlie the aqueous deposits.

In earlier periods the earth presented the aspect of an
immense ocean, surmounted here and there by islands and
continents of primary rock. There must have been some
powerful agency that converted the loose deposits into solid
rock, and elevated the consolidated sediments above the
level of the sea to form new islands and continents.

According to Hutton, this agency could only have been
heat; it could not have been water, since the cement
material (quartz, felspar, fluorine, etc.) of many sedimentary
rocks is not readily soluble in water, and could scarcely have
been provided by water. On the other hand, most solid rocks
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are intermingled with siliceous, bituminous, or other material
which may be melted under the influence of heat. This
suggested to Hutton his theory that at a certain depth the
sedimentary deposits are melted by the heat to which they are
subjected, but that the tremendous weight of the super-
incumbent water causes the mineral elements to consolidate
once more into coherent rock-masses. He applied this theory
of the melting and subsequent consolidation of rock-material
universally, to all pelagic and terrestrial sediments.

In the third part it is shown that the present land-areas of
the globe are composed of rock-strata which have consolidated
during past ages in the bed of the ocean. These are said to
have been pushed upward by the expaunsive force of heat,
while the strata have been bent and tilted during the
upheaval. Hutton next describes the occurrence of crust-
fissures both during the consolidation of the rock and during
the elevation of large areas, and the subsequent inrush of
molten rock or mineral ores into the fissures. He regards
volcanoes as safety-valves during upheaval, which by affording
exit at the surface for the molten rock-magma and superheated
vapours prevent the expansive forces from raising the con-
tinents too far.

The evidences of volcanic eruption in the older geological
epochs are next discussed. Hutton expresses the opinion
that during the earlier eruptions the molten rock-material
spread out between the accumulated sediments or filled crust-
fissures, but did not actually escape at the surface; con-
sequently, that the older rock-magmas had solidified at great
depths in the crust and under enormous pressure of
superincumbent rocks. He calls the older eruptive rocks
““sublerraneous lavas,” and includes amongst them porphyry
and the whinstones (eq. trap-rock, greenstone, basalt, wacke,
amygdaloidal rocks) ; granite was also added in a later treatise.
Hutton points out that the subterraneous lavas have a
crystalline structure, whereas those that solidify at the
surface have a slaggy or vesicular structure.

In the fourth part, Hutton concentrates attention on the
pre-existence of older continents and islands from which the
materials composing more recent land areas must have been
derived. He likewise discusses the evidences of pre-existing
pelagic, littoral, and terrestrial faunas from which existing
faunas must have sprung  But, he continues, the existence of
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ancient faunas assumes an abundant vegetation, and direct
evidence of extinct floras is presented in the coal and
bituminous deposits of the Carboniferous and other epochs.
Other evidence is afforded in the silicified trunks of trees that
occasionally are found in marine deposits, and have clearly
been swept into the sea from adjacent lands.

Hutton then sets forth, in passages that have become classic
in geological science, the slow processes of the subaerial denuda-
tion of land-surfaces. He describes the effects of atmospheric
weathering, of chemical decomposition of the rocks, of their
demolition by various causes, and the constant attrition of the
soil by the chemical and mechanical action of water. He
elucidates with convincing clearness the destructive physical,
chemical, and mechanical agencies that effect the dissolution
of rocks, the work of running water in transporting the worn
material from the land to the ocean, the steady subsidence of
coarser and finer detritus that goes on in seas and oceans, lakes
and rivers, and the slow accumulation of the deposits to form
rock-strata, Hutton impresses upon his readers the vastness
of the geological meons necessary for the completion of any
such cycle of destruction and construction. In proof of this,
he calls attention to the comparative insignificance of any
changes that have taken place in the surface conformation of
the globe within historic time.

Hutton was thus the great founder of physical and dynamical
geology; he for the first time established the essential correla-
tion in the processes of denudation and deposition; he showed
how, in proportion as an old continent is worn away, the
materials for a new continent are being provided, how the
deposits rise anew from the bed of the ocean, and another land
replaces the old in the eternal economy of nature. The out-
come of Hutton’s argument is expressed in his words * that we
find no vestige of a beginning,—no prospect of an end.”

When we compare Hutton’s theory of the earth’s structure
with that of Werner and other contemporary or older writers,
the great feature which distinguishes it and marks its superiority
is the strict inductive method applied throughout. Every
conclusion is based upon observed data that are carefully
enumerated, no supernatural or unknown forces are resorted to,
and the events and changes of past epochs are explained from
analogy with the phenomena of the present age. _

The undeveloped state of physics and chemistry in the time
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of Hutton certainly gave rise to several errors in connection
with the origin of minerals and rocks. No geologist now
would agree with the principle that heat has hardened and
partially melted all sedimentary rocks, and just as little would
he ascribe to heat the origin of flint, agate, silicified wood, etc.
On the other hand, the recognised hypothesis of regional
metamorphism of the crystalline schists is an extension of
Hutton’s conception of the action of heat and pressure upon
rocks.

Hutton was the first to demonstrate the connection of
eruptive veins and dykes with deeper-seated eruptive masses of
granite, and the first to point out the differences of structure
between superficial lavas and molten rock solidified under great
pressure. In assuming that granite represents rock consoli-
dated from a molten magma, Hutton laid the foundation of the
doctrines of Plutonism as opposed to those of Neptunism.

Again, no one before Hutton had demonstrated so effectively
and conclusively that geology had to reckon with immeasurably
long epochs, and that natural forces which may appear small
can, 1if they act during long periods of time, produce effects
Just as great as those that result from sudden catastrophes of
short duration.

Hutton’s explanation of the uprising of continents, owing to
the expansive force of the subterranean heat, was not altogether
new, nor was it satisfactory. Neither had Hutton any clear
conception of the significance of fossils as affording evidence
of a gradual evolution in creation. Yet in spite of these dis-
advantages, Hutton’s Z%eory of the Eartk is one of the master-
pieces 1n the history of geology. Many of his ideas have been
adopted and extended by later geologists, more particularly by
Charles Lyell, and furm the very groundwork of modern
geology. Hutton’s genius first gave to geology the conception
of calm, inexorable nature working little by little—by the rain-
drop, by the stream, by insidious decay, by slow waste, b =‘the
life and. death of all organised' creatures,—and evént}ufﬂl .
accomplishing surface transformations on a sj::ale nmo Pl
than was ever imagined in the phil o

_ . philosophy of the ancients or
the learning of the Schools. And it ;
- And 1t Is not too much to say

that the Huttonian principl ‘

ple of the value of small increments
pfﬂchange has had a beneficial, suggestive, and far-reachin
Intluence not only on geology but on all .

_ the natural scie
The generation after Hutton applied it to palmuntnlugyngﬁii
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thus paved the way for Darwin’s still broader, biological con-
ceptions upon the same basis.

Hutton’s scientific spirit and genial personality won for him
many friends and adherents amongst the members of the
Edinburgh academy. The most distinguished of these were
Sir James Hall and the mathematician John Playfair.
Hall (r762-1831) contested the validity of the opinion held by
some of Hutton’s opponents, that the melting of crystalline
rocks would only yield amorphous glassy masses. Hall
followed experimental methods; he selected different varieties
of ancient basalt and lavas from Vesuvius and Etna, reduced
them to a molten state, and allowed them to cool. At first he
arrived only at negative results, as vitreous masses were pro-
duced; but he then retarded the process of cooling, and
actually succeeded in obtaining solid, crystalline rock-material
(Nicholson's Journal, No. 38, 1800). By regulating the tem-
perature and the time allowed for the cooling and consolidation,
Hall could produce rocks varying from finely to coarsely
crystalline structure. And he therefore proved that under
certain conditions crystalline rock could, as Hutton had said,
be produced by the cooling of molten rock-magma. Hall then
put to the test Hutton’s further hypothesis, that limestone also
was melted and re-crystallised in nature. To this hypothesis
the objection had been made that the carbonic acid gas must
escape if limestone were brought to a glowing heat, and the
material would be converted into quicklime. This was Hall’s
first experience; then he devised another experiment. He
introduced chalk or powdered limestone into porcelain tubes
or barrels, sealed them, and brought them to a very high
temperature. The carbon dioxide gas could not escape under
these conditions. The calcareous material was thus subjected
to the enormous pressure of the imprisoned air, and carbonic
acid was converted under this pressure into a granular substance
resembling marble. Hall calculated from a series of successful
experiments that a pressure equivalent to fifty-two atmospheres,
or to a depth of sea-water 1,700 feet below sea-level, was neces-
sary for the production of solid limestone, 3000 feet of depth for
that of marble, and 5,700 feet of depth in order to reduce
carbonate of lime to a molten state.

These results were afterwards confirmed by other experi-
mentalists. Thus Werner’s theory that crystalline rock repre-
sented in all cases a precipitate from water was shown to be
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inadequate, and 1t was incontestably proved that crystalline
rock might originate from molten rock when slowly cooled
under pressure.

Hall also conducted experiments on the bending and folding
of rocks. He spread out alternate horizontal layers of cloth
and clay, placed a weight upon them, and subjected them to
strong lateral pressure. These and similar experiments have
been often repeated within recent years, and it is well known
that in this way phenomena of deformation can be artificially
produced which bear the closest resemblance to the phenomena
of rock-deformation under natural conditions.

Hall; in his desire to vindicate Hutton’s theory, became
himself one of the great founders of experimental geology.
At the same time, John Playfair,! whose interest in geology
had been roused by Hutton’s companionship, became the
enthusiastic exponent of Hutton’s theory.

It was Playfair's literary skill that opened the eyes of scien-
tific men to the heritage Hutton had left for them. He did
for Hutton’s teaching what filty years alter was done for
Darwin’s doctrines by the gifted Huxley. The brilliant ex-
ponent and successful combatant, no less than the deep
student and enlightened thinker, is required to establish a new
system of thought, for such a system is always bound to be in a
measure reactionary to older doctrines that have received the
stamp of usage and authority.

Playfaiv’s Zllustration of the Huttonian Theory (1802) is a
lucid exposition of that theory in the form of twenty-six ample
discussive notes. Playfair’s work differs in no essential point
from the views held by his master and friend, but many
subjects which receive a subordinate treatment in the ZVeory
of the Eart/ are brought into prominence by Playfair, and
placed for the first time on a firm scientific basis.

Among the subjects fully discussed are the uprise and
bending of strata, the origin of crystalline rocks at low

' John Playfair, born 1748, in Bervie, Forfarshire, son of a minister,
slmu:red.m his early years a remarkalile genius for mathematics, [e
studied in Aberdeen and Edinburgh, in 1773 became minister in Bervie
in 1785 Professor of Mathematics in the Univeisily of Edinburgh S5
twenty years alter Prolessor of Philosophy in the same University. ) e
by Hutton into the study qf geology, he devoted his holidays to geological
tours throughout Great Britain and Ireland, and in 1315 and 1816 made

ILES?':;“:EES to Auvergne, Swilzerland, and Italy; he died in 1819 in
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horizons of the crust and under very great pressure, and the
occurrence of granite as dykes in various British localities.
His treatment of valley and lake erosion is extremely able.
And Playfair was the first geologist who realised that zke Auge
erratic blocks might have been carried to their present position by
Jormer glaciers. His insight in this respect would alone have
won for him a lasting fame, for the erratics on Alpine slopes
and plains had long been observed by geologists and an
explanation vainly sought. Playfair also studied the raised
beaches on the coast-line of Scotland, and rightly concluded
that they afforded evidence of an actual uprise of the land, in
opposition to the views of Linnzus and Celsius, who had
explained a similar series of phenomena in Sweden as a result
of the retreat of the ocean. Playfair gave the first complete
account of the evidences of oscillations of level in European
lands.

Playlair's style is a model of clearness and precision, and
his arguments are always thoroughly logical, and in agreement
with physical laws. His Auttonian Theory was translated into
French by C. A. Basset in 1815,

Theories of the Eartl's Origin proposed by De Lue, De la
Meétherie, Breslak, Kant, Laplace, and olleers.—Although
Hutton had enunciated his theory of the earth without
introducing any personal element, it was a foregone conclusion
that a doctrine which undermined the whole foundation of
Werner’'s Neptunian teaching, was bound to meet with adverse
criticism.  Mention has already been made of the attacks
made by Kirwan, Professor of Mineralogy in Dublin (Geo-
logical FEssays, 1799). His arguments are based upon
chemical and physical objections to Hutton’s theory, and
culminate in a bitter denunciation of a theory inimical to
religion, and at variance with the Mosaic account, inasmuch
as it demanded immeasurable epochs in place of the Biblical
chronology, and even denied the universal deluge, to which
Kirwan mainly ascribed the present configuration of the earth.

Another antagonist of Hutton’s theory was the versatile
Jean André de Luc, a Genevese by birth, who came into
public notice during the political struggles in Geneva in the
middle of the last century, and afterwards attained to a
favoured position in the court of Queen Charlotte of England.
De Luc wrote on all manner of scientific subjects, and his
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great desire was to bring the facts of science into complete
and unquestionable harmony with the words of Holy Writ,

A special interest is attached to De Luc's ZLefters on some
parls of Switzerland, which were originally addressed to
Queen Charlotte, and were afterwards published in 17%8. In
the preface to these letters he proposes the term Geology as
the most suitable for a scientific study purporting to deal with
the history of the earth. The preface is written in bombastic
style, announcing that a new outline of cosmology and geology
would be enunciated by the writer. The Ze#fers themselves
contain little that could be supposed to bear out the high
promises of the preface, but a year later De Luc’s theory
appeared In a work of five volumes, entitled Physical and
Moral Letters on the History of the Earth and of Man. The
moral discourses are comprised in the first part of the work.
Then the scientific letters begin with a 7ésumé of the theories
of the earth’s origin constructed by Burnet, Whiston, Wood-
ward, Leibnitz, Scheuchzer, and others, all of which are found
erroneous and set aside by De Luc. He then describes his
travels in different parts of Europe, and records any geological
observations he had made.

He states his reasons for disbelieving in the enormous
erosive activity which contemporaneous writers ascribed to
water. And he strongly expresses himself in favour of the
eruptive origin of basalt, as against the ideas held by Werner’s
school. The fifth volume is that in which De Luc unfolds his
own theory. He distinguishes primordial mountains—com-
posed of rocks of unknown origin, such as granite, schist,
serpentine, quartzite—from secondary mountains, composed of
stratified deposits containing fossils, and clearly of aqueous
origin, As there are terrestrial plants and animals among the
fossils of the ‘secondary mountains,” De Luc supposes that,
although the ocean must have originally covered the earth’s
surface, there must have been land areas at the time when the
strata of the “secondary mountains” were deposited. The
floor of this restricted ocean was, he said, formed by the
* primordial mountains,” but in the heart of these mountains
there were cavities of irregular shape disposed tier upon tier
above one another, so that the firm rock merely formed a
scaffolding. Owing to subterranean fire or any other disturbing
cause, 1t sometimes happened that the rock pillars in these
hollow areas gave way, and crust-inthrows ensued. - The
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increasing weight of the deposits, which were accumulating on
the ocean-floor, as well as the pressure caused by the repeated
crust-inthrows, at last caused the collapse of the lower tiers.
The sea-water rushed in to fill the depressed areas, and the
level of the ocean sank. This was called the first revolution
in De Luc’s sequence of creative events. As the ocean sank,
the present continents and islands made their appearance;
plant seeds from the old continents were washed on the
strands of the emerging lands, and soon a rich vegetation
appeared. The fauna of the primitive ocean and lands in
some cases left descendants to people the new oceans and
lands, in other cases became extinct.

The bones of the large tropical mammalia found in the
superficial strata of northern areas in the present continents
were believed by De Luc to be the transported remains of
extinct forms that had inhabited the older continents. Ac-
cording to De Luc, all known facts led to the conclusion that
the new continents, and generally the present configuration of
the earth, came into existence not more than 4ooo years
ago. ;
anur letters protesting against both Hutton and Playfair were
reprinted in a diffuse work by De Luc, entitled Elemeniary
Treatise of Geology. A large number of papers were con-
tributed to journals by De Luc; but although he was a man
who was held in high respect and favour during his lifetime,
his papers have no permanent place in literature, and his
attacks on the great Scottish geologists were absolutely without
effect.

Like De Luc, the Parisian mineralogist and physician, De
la Métherie, enjoyed considerable popularity among his con-
temporaries. His chief work, published at Paris in 1791, bore
again the title Zkéorie de la Terre. Dela Métherie’s work was
founded for the most part on Werner’s teaching. Many of
the erroneous notions in De Maillet’s Zelliamed were revived
and new speculations attempted, but without any basis of
observation. According to De la Métherie, all mountains,
valleys, and plains took origin from the precipitation of
crystals in a primeval ocean which covered the whole earth,
and was of enormous depth. During the accumulation of
rock-precipitates certain large subterranean cavities filled with
air or vapour remained free from solid deposits. As the total
volume of water diminished, a considerable portion of the
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sea withdrew into these crust-cavities, and at the same time
the areas of denser precipitation became land. Volcanic
eruptions invariably originated in these primitive air and vapour
chambers in the earth’s crust, which were moreover frequently
connected with one another by crust-fissures.

It is unnecessary to enter into the further details of De
la Métherie’s Z/eory. Two years after its publication,
Bertrand, another French geologist, wrote New Principles of
Geology, a work contesting De la Métherie’s conceptions, but
not in itself contributing any new facts of value to science,
Ballenstedt, a German pastor, was the author of a book
entitled Die Urwelt (or the Primeval World), which was
widely read in scientific and literary circles. It endeavoured
to ““ expound the Biblical stories in a sensible way,” and went
so far as to affirm that all human races had not descended
from the one pair in Paradise, but that there had been
originally several well-defined human species.

Scipio Breislak (1748-1826), an Italian, deserves to be
remembered for his determined opposition to the Neptunian
doctrines. - In his Zext-dook of Geology he tries to demon-
strate that the earth was originally in a fluid state, but that the
volume of water now present on the globe would be absolutely
insufficient to dissolve the solid material of the crust.

Further, the presence in earlier epochs of a much greater
volume of water was a mere hypothesis, so also was the con-
ception of internal crust-cavities into which large quantities of
water might have withdrawn after the separation of the rock-
precipitates. Again, there was no positive evidence that the
surface of the ocean had sunk. The cases of apparent retreat
of the sea from the coasts of Scandinavia, or in the Gulf of
Naples, might be just as well explained by oscillatory move-
ments of the earth’s crust as by the supposed general lowering
of the sealevel. After Breislak had demonstrated the im-
possibility of a fluid state of the earth with water as the
solvent, he tried to prove that the primitive fluidity of earth
substances had been due to their intimate admixture and
combination with heat-particles. Breislak imagines the earth
In 1its first periods of formation as a confused cosmic mass
s?aked in heated matter, and therefore more or less molten.
Two modes of heat are distinguished by Breislak, free heat,
which calls forth the sensation of heat, and comdined heat,
which is not perceptible to the senses, but whose combination
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with other forms of matter effects important changes. Upon
this physical basis, Breislak supposes that, as the heat-particles
entered into combination with other particles of matter for
which they had affinity, the total amount of f[ree heat
diminished, and the temperature of the earth perceptibly
cooled. Gaseous material gathered internally and still more
at the surface, where it was condensed as a primitive ocean.
The internal gases in combination with heat produced elastic
vapours. These tried to force their way to the surface,
cracking and breaking the solid crust that had begun to
form.

Breislak then discusses the origin of the various kinds of
crystalline rock found in the crust. He disagrees with
Hutton’s explanation of gneiss and crystalline schist as
altered sedimentary rock, and includes them together with
granite, porphyry, and other igneous rocks, as products of the
cooling of matter from the primitive molten state. Breislak’s
ideas about rock-structure soon fell into oblivion, but his able
criticism of the Neptunian dogmas was largely instrumental in
eradicating them from the teaching of the universities and
colleges. There would be little profit in recording further
the many contradictory theories of the earth that appeared
between the publication of Buflfon’s ZZkéorie de la Zerre in
1749 and of Breislak’s Jxfrodusione alla Geologia \n 1811,
What seems very remarkable is that in none of these can we
trace the influence of the cosmogony and geogeny made known
in 1755 by the great philosopher, Immanuel Kant, in his
Naturgeschichte des Himmels. Neither do geologists seem
to have benefited by the kindred work of the French mathe-
matician, Laplace, Exposition du Systéme du Monde, published
in 1796.

Kant’s little book appeared anonymously, immediately before
the outbreak of the Seven Years’ War. It received no atten-
tion, was forgotten, and ninety years elapsed before Aiexander
von Humboldt unearthed it from neglect. Kant originated
the conception that the ordered cosmical universe might have
been produced merely by the agency of mechanical forces
acting upon a vaporous chaotic mass. Kant supposed that all
the matter composing the spherical bodies of our solar system,
the planets and the comets, was in the beginning broken up
into its elementary constituents and distributed throughout
space. All the particles of matter could attract and repel one
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another ; the equilibrium of matter was in a highly fickle and
unstable condition. The denser particles of matter tended, by
reason of their attractive force, to unite into a central body.
At the impact the particles were diverted by the disturbing
action of the attractive and repulsive forces; there arose
numerous whirls of movement crossing one another. The
particles in these whirls or vortices originally moved in all
directions, and were constantly coming into conflict with one
another, but finally the movements became uniform in direc-
tion, and the particles revolved almost in one heavenly plane,
and without mutual disturbance in concentric circles round the
sun. Within each individual ring the attraction of the particles
again came into play, aggregates of the denser particles attracted
the lighter particles in the same ring until a planetary body
formed, revolving round the sun along its particular path. In
this way the whole planetary system, including moons and
comets, was thought by Kant to have taken origin in order
according to the distance of the path of revolution from the
sun ; first, the planets next the sun, then those more remote
from the sun.

While Kant’s mechanical theory of the universe explains the
origin of all the bodies in the solar system upon the same
fundamental principle, it yields no exact information regarding
the constitution and the temperature of the sun and the planets.
The nebular theory of Laplace, which was founded quite inde-
pendently of Kant, goes further in this respect, and has therefore
come into closer relationship with geology.

Laplace shows that all the planets in the solar system move
round the sun from west to east in almost the same plane, that
all moons move in similar direction round their planets, and
that the sun rotates, so far as is known, in the same direction
round its cwn axis. In the opinion of the great mathematician,
a phenomenon so remarkable cannot be mere chance, but
indicates some general cause or combination of causes that
has determined all those movements. Clearly, there was a
time when the planetary spaces now empty were uniformly
filled with matter at a high temperature, representing the sub-
stances of the planets and moons in the finest state of
rarefaction, and having a rotating movement from west to

east. A central body, the sun, massed itself in the midst of
this vaporous material.

The finely divided mass behaved like a gigantic atmosphere,



INTRODUCTION. 81

in which equilibrium was sustained by centrifugal force and
gravity. As the glowing mass became denser the centri-
fugal force increased, and peripheral rings of vapour similar to
those of Saturn separated from the main body. The detached
rings continued to move with the same rate and direction of
motion as before. Not being of uniform density, they became
rent, the different masses formed themselves into rotating
spheres, the larger bodies absorbed a part of the smaller, and
thus the planets and their satellites took origin,

The condensation of the vaporous material during the
process of aggregation of the particles into spheroids set free
a large amount of heat and the newly-formed bodies were
raised to a very high temperature; they became radiant
masses, radiating light and heat into surrounding space.
Owing to the loss of heat by radiation, the surface cooled and
shrivelled, and finally a superficial crust formed, at first
glowing, afterwards darkening down to its present state.

According to Laplace, the zodiacal light represents certain
volatile unconsolidated parts of the solar atmosphere that still
surround the sun; while the comets are regarded by Laplace
as foreign to the solar atmosphere, belonging probably to the
infinite space beyond.

The nebular theory of Kant and Laplace was in far better
agreement with the laws of mechanics and the observations of
astronomy than any previous cosmogonetic hypothesis. Tt
also helped greatly to elucidate the earliest beginnings of the
earth, and was welcomed by geologists. Clearly it brought
confirmation to Volcanistic doctrines, and militated against
the Neptunian teaching that the primitive crystalline rocks
were of aqueous origin.

Local Geognostic Descriptions and Stratigraphy.—A. Ger-
many.—The revolutionary tendency of the empirical methods
taught by Werner in his system of geognosy is displayed in the
numerous local monographs that began to appear in all parts
of Europe. Both in mineralogy and in stratigraphy, the chief
contingent of new work came [rom the Wernerian school.

Georg Lasius (1752-1833), who for a long time held the
post of Director of the Survey Department in Oldenburg, was
no Wernerian, but he contributed a work on the Harz district
that ranks among the best and most careful local descriptions
of his time. While Lasius was an officer in the Hanoverian
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Engineer Corps, the duty of preparing the topographical map
of the Harz was entrusted to him. From this beginning,
Lasius became interested in the structural relations, and
prepared a work which was published in two volumes,
Olservations on the Harz Mountains, together with a petro-
graphical map and a section (Hanover, 1789).

In the first volume, Lasius describes the * primitive rocks”
(Ur-gebirge) and the “vein-series” (Gang-gebirge), and places
these groups in contradistinction to the * Flotz formations” or
younger stratified deposits. The *“ vein-series” comprises
marine limestones with corals, orthoceratites, bivalves, and
gastropods ; slates, greywackes, and sandstones; trap-rock,
porphyry, and serpentine. The distribution of the wvarious
kinds of rock is entered with great accuracy upon a coloured
petrographical map, and the term greywacke is used for the
first time 1n the literature for a sandstone made up of finely
fragmental granite débris.

Lasius follows Lehmann for the most part in his sub-divi-
sions of the Flotz deposits; he shows, however, that a part of
the porphyry occurs in association with the Red Sandstones of
Permian age, and must therefore be younger than the main
body of the vein series.

The second volume of the work is devoted to a description
of the ores and minerals in the Harz mountains, and contains
many new and valuable observations.

The Thuringian Forest was made the subject of several
excellent geological works by an eminent scholar of Werner,
Johann Karl Wilhelm Voigt (1752-1821). Trained for the law,
Voigt gave up this profession, became an ardent geologist,
and held the post of Councillor of Mines at Ilmenau in
Thuringia.

Voigt’s work, in two volumes, entitled Mineralogical Journey
through the Duchy of Weimar and IEisenach, was published
between 1781 and 1785. Like many of his contemporaries,
Voigt wrote this work in the form of letters. It contained
what was at the time rather exceptional, a series of geological
sections. Another work, which was undertaken by Voigt at
the desire of Bishop Henry, gives a mineralogical description
of the district around the monastery of Fuld. The basalt and
phonolite rocks in the neighbourhood are accurately entered
in a coloured geological map, and the text is remarkable for
Voigt’s tacit renunciation of Werner's views about the origin
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of these rocks, and his clear exposition of their volcanic
nature.

After the publication in 1788 of Werner's work on the
occurrence of basalt at the Scheibenberg Hill, the difference
of opinion between these two geologists began to assume a
more personal aspect, and unfortunately ended in a rupture
of their friendship.

Voigt published several important papers on the geology of
Thuringia in later years, chiefly in mineralogical journals, and
he was also the author of the first practical Zext-dook of
Geognosy (Weimar, 1792). In the description of the rocks
and the order of rock-formations in the crust, Voigt follows
Werner's teaching, but he has a more just appreciation of the
causes of volcanic phenomena and the origin of volcanic
rocks.

His last large work was entitled A#zempt at a History of
Coal, Brown Coal and Zursf (Weimar, 1802-5). This con-
tains, in addition to the geological data, practical advice on the
determination of workable coal-seams, and the industrial uses
of the various kinds of combustible deposits.

A detailed account of several localities in the Thur-
ingian Forest was also given by Johann Ludwig Heim, a
Privy Councillor in the Duchy of Meiningen. Heim (1741-
181g) was tutor to the Princes of Meiningen, and during
occasional journeys he made a large mineralogical collection,
and wrote a number of papers compiled into one larger work,
Geological Descriptions of the Thuringian IForest (Meiningen,
1796-1812). These are distinguished by the independence
of his views, acute powers of observation, and his clear
descriptions; but there is no geological map, and the
stratigraphical details are only illustrated by rough sketches.
Hence the work, careful though it was, never received much
recognition, and was much less instructive in character than
that of Voigt.

Heim referred the origin of the primitive rocks to chemical
crystallisation from an indefinite mixture or *“fluidum,”
possibly gaseous in constitution. He allowed that the slates
and greywackes (““transitional rocks” of Werner) might have
been precipitated from a watery fluid, but he thought 1t
impossible to trace any difference in the ages of the various
precipitates. His idea was that all these rocks are arranged
in the crust as spherical or elliptical masses whose kernel is
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composed of granite, and whose outer layers comprise
porphyry and the primitive rocks. This crude conception of
Heim’s has certain points of analogy with the much later
theory of “central massives” promulgated by mountain
geologists.

Heim sub-divided the sedimentary or stratified deposits in
four main groups as follows :(—

4. Newer limestone, including Muschelkalk and Jurassic

limestones.

3. “Bunter” or variegated sandstone (including the sand-

stone of Fiichsel). .

2. Older limestone or Upper Dyas (* Zechstein” of Leh-

mann).

1. Red Underlyer or Lower Dyas (‘“Rothe Todtliegende”

of Lehmann).

He also made a special inquiry into the origin and distribu-
tion of basalt, and wrote strongly in favour of its eruptive
origin.. He regarded it as younger than all four sub-divisions
of the sedimentary deposits, and supposed that its eruption
had been accompanied by violent crust-movements, during
which the rocks were bent and fractured and the mountain-
systems were upheaved.

The subjects of denudation and erosion also attracted
Heim’s attention, and he gave a full description of the erosion
of valleys by the agency of running water, enumerating many
good examples in confirmation of his ideas (““On the Forma-
tion of Valleys,” Voigt’s Magasine, 1791).

One of the most loyal and gifted of Werner’s scholars was
Johann Karl Freiesleben (1774-1846). He was born and
educated at Freiberg, and enjoyed the intimate companion-
ship of his master and patron. While attending Werner's
classes he formed the friendship of Von Humboldt, Von
Buch, and Von Schlotheim; he afterwards travelled with Buch
in Saxony, with Schlotheim in Thuringia, and with Hum-
boldt in the Bohemian mountains, the Alps, and the Swiss
Jura mountains.

His first large work, Description of the Hars Mountains
(2 vols, 1799), contains chiefly mineralogical and technical
information, and a later work, Contridutions to the Mineral-
ag::'af Knowledge of Saxony, published in 1817, is of the same
nature.

As a geologist, Freiesleben accomplished memorable work
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in his study of the sedimentary series on the northern slopes
of the Thuringian Forest. His comprehensive work, Geognostic
Contribution to the Knowledge of the Copper Slate Series, with
special reference lo a part of Mansfeld and Thuringia (Freiberg,
1807-15, in 4 vols,, and with coloured geognostic map), still
ranks as one of the most accurate local monographs on the
geology of North Germany. It depicts the diflerent deposits
according to their mineralogical character, their stratigraphical
succession, their cartographical distribution, and the occurrences
of fossils and minerals, in a manner so exhaustive, that later
authors have been able to add little to his results.

Freiesleben included under the term copper-slate or ore-
bearing series the strata from the “ Red Underlyer” to the
““ Muschelkalk ” inclusive ; in other words, all the sub-divisions
now placed in the Dyassic and Triassic geological systems
were treated by him as belonging to one great formation.

While the Thuringian Iorest and the Harz mountains
received by far the largest share of attention from the early
geologists, certain other parts of North Germany also found
their way into geological literature. The neighbourhood of
Hildesheim was made the subject of research papers by
J. H. S. Langer in 1789, and again by J. A. Cramer in 1792.
A paper entitled * Physical and Mineralogical Observations
on the Mountains of Silesia,” by A. Gerbard, appeared in the
Reports of the Royal Academy of Berlin in 1771 ; and in 1795
the mineralogist, I). L. G. Karsten, published a geognostic
account of a journey in Silesia, Still more widely read were
I.eopold von Buch’s writings on Silesian districts. Iis 4 #empt
at a Geognostic Description of Silesia, which he dedicated to
Professor Werner, is accompanied by a coloured general map.
This paper, like Von Buch’s earlier paper on the district of
Landeck, is more concerned with petrographical than with
geological details, yet it affords a good general survey of the
geological structure of a territory previously little investi-
gated.

An individual charm is lent to this and to all the subsequent
works of Leopold von Buch by his skilful delineation of the
relations between the geological structure and the superficial
aspects of a country, A landscape appealed to his artistic
sense as well as to his scientific interest, and his mastery of
language enabled him to transfer his impressions picturesquely
in writing. Mineralogical descriptions were fully given; but
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from the dry details his mind would sweep with easy reliel
to the consideration of the broader truths of the science.

The following passage may be quoted as an example of Von
Buch’s style of writing. It describes his idea of the origin of
the Carboniferous series of rocks:—** First the conglomerate
falls, a mixture of great stones that could not be carried far
from their parent mass, even by an angry flood; and they
tear away with themselves the mantle of vegetation which
had formerly reposed in security upon their surface. Woods
are overthrown, buried beneath the irresistible rush of jagged
and broken rock, again and again the floods rise and pour
over the land, renewing this drama of destruction. Countless
fragments are rolled from the heights into the narrow moun-
tain basins and valleys; there in the hollow they are dashed
against one another, gyrated and rounded into pebble form.
After the surface has been denuded of its vegetation and
the force of the flood diminishes, the finer, lighter grains
begin to subside and the newer fine-grained sandstone accu-
mulates.”

Von Buch was particularly interested in the conglomerates,
and on the basis of the lithological features he traced the
pebbles and larger fragments included in the conglomerates
very carefully to their place of origin. He demonstrated
that the pebbles are smaller the more remote they are
from the rock from which they have been broken, and by com-
parative studies he tried to determine the direction that had
been followed by the transporting floods.

From a strictly scientific point of view, Leopold von Buch’s
geological researches were less successful than those of Voigt
or Freiesleben, which marked a distinct note of advance in
stratigraphical inquiry. The geological data given by Von
Buch in his Silesian papers are sketchy in comparison, and
there 1s no serious effort to draw up a definite succession of
the rock deposits upon either stratigraphical or palontological
grounds.

During his Norwegian journey, Leopold von Buch had
drawn attention to the position of granite adove the *transi-
tional” limestone in the neighbourhood of Christiania.
Soon after, in 1811, a work on the Syenite Formation in
the Erz Mountains, written by Raumer and Engelhardt,
aroused great interest. These authors stated that the
granite and syenite on the north-east edge of the Erz
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fhountains were not, as Werner had supposed, the oldest
rocks, since they rested locally upon the gneiss and schist
series, and even upon the strata of the *transitional”
series.  Similar observations had been made by these authors
in the Harz mountains, and corroborative reports began to
appear in other countries disproving the commonly accepted
dogma that all occurrences of granite must of necessity be of
the highest antiquity.

In comparison with Middle and North Germany, geognostic
research was very backward in South and West Germany, not-
withstanding the fact that these areas are particularly rich in
fossils, and have in later times very materially assisted in de-
veloping our knowledge of past epochs.

The first to examine the rocks of the Old Bavarian pro-
vinces was Mathias von Flurl $I 756-1823). At the age of
twenty-four Flurl was elected Professor of Physics and Natural
History in the Industrial Academy at Munich; afterwards he
studied for a time under Werner. On his return to Bavarnia,
he was advanced from one position to another, and from
the year 1800 occupied the post of Director of Mines. His
chief work, A Description of the Mountains of Bavaria and the
Upper Pfals, was written in the form of letters. Pre-emi-
nence was given to matters concerning mines and metallurgy; at
the same time, he related in simple narrative style what he had
seen of any geological interest in the course of his travels, men-
tioned the localities where fossils occur, and noted the surface
distribution of different kinds of rock. But Flurl avoided all
reference to debatable points, such as the order of the succession
of rocks, the relative age of fossils, or the mode of origin of
the rocks. The work was accompanied by a small general map
of Bavaria, wherein a (ew of the leading varieties of rock were
distinguished—granite, gneiss, schist, limestone, sandstone,
nagelflue, and alluvium.

Flurl was thus the pioneer of geology in Old Bavaria, and
his work has a permanent value on dccount of its reliable and
varied information. On the other hand, it cannot be placed
on the same scientific platform as the more special contribu-
tions to geology made by his contemporaries in Northern
Germany.

B. Austria-Hungary and the Aps.—A foundation had been
constructed for the geological investigation of Austria-Hungary
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by Ferber’s important series of works,—his Z7realise on the
Mountains of Hungary, his Account of Travels, and his Con-
Iributions to the Mineralogy of Bokemia (Berlin, 1774). Twenty
years later, another descriptive work on the minerals of Bohemia
was contributed by Franz Ambros Reuss, a mineralogist and
physician resident in Bilin. The same author wrote a Zex#
book of Mineralogy that had a wide circulation. A pupil of
Werner'’s, Reuss treated the basalts of North Bohemia as rocks
of aqueous origin.

The most gifted of the early stratigraphers was Johann Ehren-
reich von Fichtel (1732-95), a Hungarian by birth, whose
researches in Transylvania were published in 1780; a later
work on the Carpathian mountains appeared in 1791. The
first volume of Fichtel's Mineralogy of Transylvania contains
much valuable information about local occurrences of Tertiary
fossils in the low range of hills in front of the Transylvanian
Alps. In the second volume, Fichtel describes the massive
accumulations of rock-salt in Transylvania, and gives an
exhaustive technical account of the whole mining industry in
Transylvania, the Carpathians, and Galicia. A topographical
map shows the distribution of rock-salt in these areas.

Local stratigraphical relations are now and then elucidated,
and the origin of the different kinds of rock is discussed, Fichtel
declaring himself to be a thorough Volcanist. Amongst rocks
of igneous origin Fichtel includes the granite composing the
highest mountains, and the gneiss, schist, limestone, and
metalliferous rock (rhyolite, dacite, trachyte) composing the
mountains of intermediate height; the rocks composing the
lower ranges in front of the middle and main chain are, he says,
of pelagic origin, and include sand, clay, and pebble deposits.
According to Fichtel, rock-salt originated by the evaporation
of a fluid mixture of salt and rock-oil, which had sapped into
huge crust-cavities after the cooling and consolidation of the
earth’s crust. Such cavities, with their saline intercalations,
form, he says, the heart of the Carpathian mountains.

~ Fichtel’s later work is devoted chiefly to a careful enumera-

tion and description of the eruptive rocks in the Carpathians.
He distinguishes zo/canic outbreaks, with which superficial lava
flows are associated, from wolanic upheavals, in the course of
which wide regions are affected, and masses of igneous material
are intruded in the crust.

It can be easily understood that Fichtel’s work met with an
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incredulous reception by Werner and his adherents. One of
those, Jens Lsmarch, afterwards Prolessor of Geology in the
University of Christiania, travelled through the districts which
Fichtel had described. 1In all the localities where Fichtel had
found evidence of the sgneons as opposed to the agueous origin
of the primitive rocks, Esmarch could see only a confirmation
of Werner’s teaching (Short Description of a Journey through
!z’.-m%rnry, Transylvania, and the Banat Mountains, Freiberg,
1797)-

The writings of the energetic but somewhat eccentric
traveller Hacquet ! in many respects supplemented the works
of Fichtel.

Hacquet’s records of his journeys in the Carpathian and
Transylvanian mountains were, however, written towards the
close of his active life. His fame is based upon another work,
the Oryclograpiiia Carniolica, a study of the surface conforma-
tion of Carniola, Istria, and neighbouring districts (4 vols.,
Leipzig, 1778-89). This monograph, which was modelled
after the pattern of the Swiss geologists, Scheuchzer and De
Saussure, represented the fruit of twenty years’ residence in
Carniola, and disclosed for the first time something of the
mineralogical and physical structure of the more remote
southern ranges of the Alps. A geographical map was
published along with the work.

The scenic character and physical relations of the country,
as well as the customs and character of the population, are
excellently depicted. But in the geological portion the author
unfortunately confined himself to a barren description of the
individual occurrences of rocks, minerals, and fossils, without
attempting to give a general conception of the structure.
During the years 1781-86, Hacquet extended his knowledge of
the Alps by travelling through the Dinaric, Julic, Rhetic, and
Noric Alps. He then published a work of a more mineral-
ogical and geological character upon these districts, but he did
not succeed in arriving at any real appreciation of the broad
features of Alpine structure.

This was a task even beyond the greater powers of Leopold

1 Balthazar Hacquet (1739-1815) had a varied career. Born in Brillany,
he became a surgeon ; in that capacity he attached himsell to the Austrian
Army throughout the Seven Years' War. At the close of the war he taught
Surgery al the Lyceum of Laibach, and in 1788 he was made Professor of
Natural History and Surgery in the University of Lemberg.



00 HISTORY OF GEOLOGY AND PALAONTOLOGY.

von Buch and Alexander von Humboldt. During the winter
spent by the two friends in Salzburg, they made numerous tours
into the Salzkammergut and Gosau Valley. Von Buch’s
account of the geognostic and physical relations in that locality
is very pleasant reading; but, biassed as he was by Werner's
theories, Von Buch tried to explain the disturbances of the
strata by local collapse, and by the shifting of the centre of
gravity in the rocks. The beautiful * Konigsee ” near Berchtes-
gaden, and the Lake of Hallstadt, were both regarded as
local basins of inthrow, and the deep Alpine valleys were
attributed to river erosion. The whole massive development
of limestone in the higher ranges of the Salzkammergut was
taken to be the equivalent in age of the Thuringian *“Zech-
stein” (Upper Dyas). The occurrence of [ossils at Hallstadt
and Gosau, and other now famous localities, was repeatedly
mentioned by Von Buch, but the fossils themselves were
not used in any way to help to dectermine the age of the
rocks.

In a separate publication Von Buch drew a comparison
between the geological succession observed by himself across
the Brenner Pass, and that which had been described by De
Saussure for the Mount Cenis Pass. Although the idea was
good, the rocks and the stratigraphy in these two distant
Passes have too little in common to disclose any broad
principles of Alpine structure, and the results obtained by Von
Buch in this respect were confused and unsatisfactory.

Some general facts were, however, brought into promi-
nence. In this work Von Buch demonstrated the absence of
porphyry at Mount Cenis, as well as in the whole Northern
Alps, in strong contrast to the enormous development of this
rock south of the Brenner Pass; he compared the northern
and southern zones of the Alps with one another geologically;
showed the relationship of the Jura mountains, to the Alps and
he drew attention to the lithological differences in the rocks,
and their influence on the scenic features. In later years Von

Buch wrote a few short papers on the Hinterrhein district
(1809) and on the Bernina Massive (1814).

One of the most richly endowed of Alpine students was the
Ziirich geologist, Hans Conrad Escher (1767-1823). In 1796
Escher published a geological survey of the Swiss Alps, and
afterwards a series of geological sections from Ziirich to the
St. Gothard Pass. He also contributed several smaller
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papers to Leonhard’s Zaschenbucl fiir Alineralogie and other
journals.

Iischer’s modest personality is endeared in the minds of all
Alpine geologists. His quiet, persistent spirit of inquiry
enabled him to amass innumerable observations, which not
only afforded a reliable framework for the future, but also
contained the kernel of some of the grandest mental concep-
tions of geological phenomena that have been attained during
the progress of Swiss geology.

While Escher’s work is so empirical and technical in its
tendency as to have retained its freshness for the specialist, his
contemporary, J. G. Ebel,! bhas left a work whose chief
interest now is for the historian, but which, nevertheless, was a
great achievement at the time. Ebel was the first to bring any
comprehensive account of Alpine geology to a relatively
successful fulfilment. The previous literature of Swiss geology,
from which LEbel drew his facts, embraced the works of
Scheuchzer and De Saussure, the series of accurate geological
sections prepared by the engineer of the Linth Canal, Hans
Conrad Escher, and the papers of the younger Escher, which
were then appearing in current magazines. De Luc and De
Saussure had contributed a few observations on the south-
west portion of the Swiss Jura mountains, and Count Razu-
mowsky had published his large work, Natural History of the
Jorat and its Surroundings, in the second volume of which
important suggestions had been given regarding the structure
of the Jura mountains, Ebel was also thoroughly familiar with
the geological literature of the German, Austrian, French, and
Italian Alps; in many cases he relied upon his own obser-
vations.

Ebel’s description of the Alps was characterised by the

1 John Golllried Ebel, born 1764 in Ziillichau, Silesia, studied medicine,
then travelled three years in Swilzerland, and in 1793 settled as a physician
at Frankfort-on-Main. A translation of the writings of Sieyés brought him
under polilical suspicion, and he was forced to leave Germany. Ile went
lo Paris, where he conlinued lo praclise medicine, but spent a large portion
of his time in the pursuit of natural philosophy. In 1810 he selected Ziirich
for a residence, and died there in 1830, During his early years in Frank-
fort he published a ** Guide,” How to Travel in Switserland in the most
Pleasant and Practical Way (4 parts, 1793), a work which has served as the
pattern of our present guide-bouks for travellers. His next work was A
Description of the Mountain-peoples of Swiizerfand, 1798-1802. His chief
geological work, On the Structure of the Larth in the Alpine Mountain-
Sysfem, was published at Ziirich in 1808,
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clearness with which he distinguished the leading members of
the mountain-system. He established the fundamental dis-
tinction of a central chain composed for the most part of
primitive rocks, and two lateral zones on the north and on the
south of the central chain, composed chiefly of limestone,
sandstone, shale, and nagelflue. These leading zones were
accurately described with respect to their geographical distri-
bution and the various kinds of rock present in them. The re-
semblances and differences between the northern and southern
zones were pointed out, and the leading stratigraphical features
were shown 1n a number of geological sections. The text was
further illustrated by a general geological map of the Alps and
several panoramic sketches. A geological map (on small
scale) of the mountain-systems of Europe was added for
purposes of comparison,

In describing the Jura mountains, Ebel defined their geo-
graphical limits in accordance with their geological structure.
He pointed out for the first time that the Swabian and
Franconian Alb formed geologically an integral part of the
Swiss Jura chain. He also drew special attention to the
arched forms of structure as particularly characteristic of the
Jura mountains, but failed to find any satisfactory explanation
of the curvature of rock-strata. .

The main features of the conformation were thus rightly
laid down, but the detailed stratigraphy was less ably handled.
Ebel started {from the assumption that the whole outer crust
of the earth is everywhere composed of the primitive rocks,
granite, gneiss, and crystalline schist, and that these rocks have
been in certain localities covered by pelagic or terrigenous
deposits. He regarded the highly-tilted position of the rocks
in the central chain as essentially characteristic of the primitive
series, and accepted Alexander von Humboldt's doctrine that
the primitive rocks everywhere strike in the same direction,
from south-west to north-east.

In his treatment of the stratigraphical succession in the
lateral Alpine zones Ebel attached little weight to the order of
rock-formations enunciated by Werner, and considered it far
more important to note the sequence of the fossil contents.
He pointed out that the strata reposing upon the primitive
group contain a few pelagic fossils; in younger strata the
remains of marine faunas are much more numerous and varied;
in still younger terrigenous deposits there are fossil fishes and
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plants; then amphibians appear, and finally, whole skeletons
of terrestrial mammals and birds are imbedded in the sands
and clays. *“Accordingly fragmentary historical testimony of
the beginnings and further stages of living organisms on the
face of the earth has been indelibly preserved in the suc-
cessive strata. It must be left to posterity, by means of
the united observations and efforts of many enquirers, to
solve the secrets of the earth’s structure and read aright the
sequen)ce of organic remains interred in the crust” (vol. ii,
p- 412).

The periodicity in the recurrence of certain physical con-
ditions and the repetition of similar deposits were favourite
themes with Ebel. He showed that the same varieties of rock
occur repeatedly in the lateral zones of the Alps, and clearly
represent deposits gathered during different geological epochs.
Then he cited evidences, both from the central and lateral
Alpine zones, of recurrent paroxysms of the crust; these, in his
opinion, had been caused by the sudden transgression of the
ocean over terrestrial areas and the consequent devastation of
the land, erosion of valleys, and accumulation of fine and
coarse mechanical deposits at the base of the mountains.

According to Ebel, the last and most violent inundations
had advanced in a direction from south-west to north-east, and
had transported the huge erratic blocks and the material of the
nagelflue and other pebble deposits to the northern band of
the Alps, and even as far as the North German plain.

This same idea of periodicity led Ebel further astray when
he ventured into philosophical speculations. He compared
the body of the earth with a voltaic pile in spherical form, in
which a living element analogous with the electrical current
not only called forth the plant and animal kingdoms, but also
regulated the origin and arrangement of the minerals and
rocks.

Such theoretical speculations were always kept apart from
the descriptive portion of Ebel's work, and scarcely affected
it, although they produced so unfavourable an impression
that they caused his work to be undervalued by his con-
temporaries. At the same time, Ebel’s work undoubtedly
marks the high level of geological research as it was repre-
sented in the Alpine literature at the beginning of the century.
Unfortunately, Ebel had no deep insight into stratigraphical
details, and he lacked the genius to follow up the indications
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which De Saussure and Escher von der Linth had given of the
grand crust movements that had inverted rock-strata and
developed the fan-structure of the mountain-massives of the
central chain. The bolder thoughts of these men escaped
him.

In addition to the larger works on Alpine geology by
Von Buch and Ebel, a number of smaller treatises on Alpine
localities were contributed to mineralogical journals. Amongst
these were papers by Italian geologists directing attention to
the interesting geological phenomena in the Fassa Valley and
Predazzo in South Tyrol ; a description by Mohs of the Villach
Alps ; works by Charpentier and others on the Wallis Alps; and
by several French geologists on the Maritime Alps and several
parts of the Dauphiné.

C. Jlaly.—The interest of Italian geologists was early
attracted to the richly fossiliferous Tertiary strata. Arduino’s
epoch-making works on the stratigraphical succession in the
neighbourhood of Verona have been mentioned above (p. 37).
The travelled Alberto Fortis (1741-1803), an Augustine monk,
was an acute observer and a prolific writer on geological
subjects. His works are for the most part descriptive of the
Tertiary deposits and volcanic rocks in the Vicentine Alps;
Monte Bolca, a locality long famous for its fossils, was
thoroughly searched by Fortis, and he discovered several new
lm:ali)tiﬂs of well-preserved fossils (Brendola, San Vito, Gran-
cona).

Fortis compared the fossil fishes of Monte Bolca with exist-
ing species in the southern seas, and concluded that six or
seven species were identical. This opinion was shared by
Volta, in whose splendid monograph of the Monte Bolca
fishes (1788) the number of fossil forms identical with living
species is increased to one hundred and ten. Possibly the
best contribution made to science by Fortis was his work
on the geological structure of Dalmatia, and his account of
the occurrence of nummulites at Bencovac and Sebenico, of
bone breccias at Cherso, etc.

In regard to the origin of basalt and tuffs, Fortis was an
extreme Volcanist ; he even believed that the volcanic energy
of the Vicentine area had raised the temperature of the Adri-

atic Sea to such a degree that tropical molluses and fishes
could then exist in it.
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The Tertiary fossils of Italy were made the subject of a
masterpiece in palaontological literature, Brocchi’s! famous
monograph, Conchyliologia fossile subapennina ( Milan, 1814).
‘This work comprises two quarto volumes, and is handsomely
illustrated with sixteen plates. It begins with a historical
review of the development of palzontology in Italy, depicts
in an introductory chapter the structure of the Apennines and
the adjoining plains, and distinguishes the Secondary rocks
which compose the true mountain-chain from the Tertiary
deposits on the lower slopes and plains. The main part of
the work is occupied by the specific descriptions of Tertiary
mollusca from all parts of Italy. The special locality, the
number of specimens, and the particular distribution in sandy
or clayey, pelagic, or littoral deposits is accurately recorded
for each species; both the descriptions and illustrations are
perfect. A special chapter is devoted to the occurrence of
land mammals, whales, and fishes.

Brocchi recognises the great similarity of the Tertiary species
of mollusca with species still living in the Mediterranean and
Adriatic seas, and likewise the difference between the Italian
fossil species and the species of the Paris basin, which had
been described by Lamarck and Brongniart. He erroneously
attributed the dissimilarity of the Italian and French species,
not to any difference in the geologic age, but to the separa-
tion of the areas of occurrence. At the same time Brocchi
fully realised the fundamental difference between the fossil
faunas in the Secondary and Tertiary rocks of his native
land. The numerous occurrence of Belemnites, Ammonites,
Terebratulas, and other generic types in the Secondary rocks,
and their complete absence from the Tertiary faunas is ex-
plained on the basis of the gradual extinction of the more
ancient types during the vast periods of time that elapsed
while successive strata accumulated.

Brocchi’s ideas about the mode of extinction and period of
existence of fossil genera and species are of especial interest.

1 Giovanni Batlista Brocchi (born at Bassano in 1772) studied juris-
prudence and theology in Padua, was made Professor of Natural History
in Brescia, and afterwards Inspeclor of Mines for the Kingdom of Italy.
Ile travelled through almost the whole of Italy, and published a large
number of mineralogical, geological, and paleontological pn{‘ners: in 1823
he travelled in the Easl, visited Lebanon and Egypt, and went as an
engineer Lo the Soudan, where he died in 1826 at Khartoum, a victim ta
the unhealthy climale,
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He opposes the Catastrophal Theory, which taught that from
time to time destructive catastrophes had occurred in past
ages, and had annihilated the whole or the greater portion of
existing forms ; and he lays down principles of the evolution
of one from another along continuous lines of descent, but
in accordance with definite natural laws of growth and decay.
He argues that just as a definite span of life is meted out to
each individual, and the time may be longer or shorter accord-
ing to the kind of organisation, in the same way each species
and each genus possesses a definite energy of existence, and
when that has been exhausted, death ensues from natural
causes of decay.

While it is as a paleontologist that Brocchi’s name will be
remembered, his first contribution was a mineralogical and
chemical treatise on the iron-works of Mella, in Val Trompia;
he then studied the porphyrites and basalts of the Fassa valley,
and, in agreement with Wernerian doctrines, referred them to
an aqueous origin. Later in life, after the publication of his
monograph, he returned to the study of volcanic rocks, with
the result that he became a Volcanist.

The volcanoes of South Italy had always proved an attractive
study in scientific circles, and yet it was remarkable how few
of the scientific works regarding them had been contributed
by those resident in the immediate neighbourhood.

Sir William Hamilton’s work on Vesuvius and Etna (p. 45)
had prepared an excellent foundation for further research, and
a worthy continuation was provided by the Frenchman, Dolo-
mieu,! in his descriptions of the Lipari and Pontine Isles, and
his detailed mineralogical researches on the rocks of these
islands and of Etna.

Dolomieu departed from the usual method of research that

' Guy S. Tancréde de Dolomien, born 1750 at Dolomieu, in the
Dauphiné, was an officer in the army; he travelled for several years in
Sicily, South and Central Ilaly, the Pyrenees and Alps; in 1796 he was
elected a Professor in the Paris School of Mines, and accompanied the
French Expedition to Egypt. While on the return journey he was taken
into custody, for pelitical reasons, in Naples, and was imprisoned for two
years. After he regained his liberty he became, in 1800, Professor of
Mineralogy at the Natural History Museum in Paiis, Lut died in the
following year in Paris. IIis most important works are: Zrawvels in
the Lipari Isles (Paxis, 1783); On the Earth- Tremors in Calabria (Rome,
E;B.q:]: ﬂgﬂ;&s Lepontine Isles, and a Calalogue of the Products of Etna

aris, 1758).
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had been adopted by his predecessors. Instead of confining
himself to a description of the superficial aspect of the volcanic
mountains and the characteristic phenomena of eruption, Dolo-
mieu studied the lavas, loose ejecta, sublimations, etc., and
compared these volcanic products with other rocks. He thus
arrived at the result that all transitional stages exist between
the coarsely crystalline lavas and the glassy rocks (obsidian,
pitchstone), the latter being merely particular structural varieties
of the crystalline lavas,

In order to explain the possibility of so many grades of
structure, Dolomieu supposed that volcanic heat, unlike any
kind of artificial heat that could be produced in the laboratory,
did not reduce the original rock-material to a completely melted
mass, but merely to a viscous state, in which the individual
mineral constituents could move relatively to one another
while still retaining their characteristic form.

He further supposed the lavas contained a combustible sub-
stance (perhaps sulphur), which held the rock in this viscous
state until it was completely consumed ; and that this com-
bustible substance, by its expansive force, produced the
scoriaceous, slaggy, and irregular surfaces of lava streams,
and caused the upward pressure of molten magma to the
orifice of escape.

Dolomieu confirmed the igneous origin of basalt rock, re-
garding it as a variety of lava for the most part associated with
submarine eruptions. He compared the alternating lava streams
and sedimentary strata at Etna with the stratigraphical relations
of the so-called trap-rocks in the Vicentine district, and con-
cluded that the latter gave evidence of volcanic activity.

The name of Dolomieu is perpetuated in the name of the
““ Dolomites,” given to the beautiful district in South Tyrol
south of the Puster Valley. Dolomieu called attention in 1791
to the unusual mineralogical character of the * Alpine lime-
stone” in that district. His chemical investigations proved the’
rock to contain, in addition to lime carbonate, a very high per-
centage of magnesium carbonate ; so that the rock could by no
means be regarded as a true limestone. Afterwards, any highly
magnesic limestone came to be called *“ Dolomite ” rock.

In 1797 Dolomieu confirmed the statement of Giraud
Soulavie, that the volcanoes of Auvergne and Vivarais are
intruded into the granite, and partially rest upon it. Thus
Dolomieu extended our knowledge of the mineralogical com-
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position of rocks on many definite points, and his researches
at once gained recognition. Italian geologists applied them-
selves with fresh zeal to the study of their volcanic rocks,
working more by the practical methods of Dolomieu. Soon
they discovered the weaknesses in Dolomieu’s writings, where
that keen observer had ventured to speculate on the causes
which might determine the particular setting and orientation
of mineral material characteristic of the transitional varieties of
igneous rocks.

The learned Lazzaro Spallanzani (1729-99), Professor of
Natural History in Pavia, was the first who applied experi-
mental methods to the elucidation of volcanic rock-structure.
He set up series of experiments in his laboratory in order to
find out whether gaseous vapour would escape when lava was
melted, and what was the chemical nature of such vapours.
The result showed that little gas escaped, but the powdered
lava partially sublimated, and was partially converted into a
vesicular rock-mass.

Spallanzani then tested Dolomieu’s idea that the crystalline
structure of volcanic rocks was produced under the influence of
a moderate degree of volcanic heat acting during a long period.
Different kinds of lava were exposed to definite tempera-
tures for forty-five days, some even for ninety days. The
result of Spallanzani’s experiment appeared negative, since a
moderate heat acting for a long time produced precisely the
same effects as a more intense heat acting for a shorter period.

Spallanzani also investigated whether, in accordance with
the hypothesis of Dolomieu, the presence of sulphur would
hasten the fluidity of the lava, and whether the melted material
in this case would solidify as a crystalline, rough-grained, or
vitreous rock. The result was again negative. The powdered
specimens of lava mixed with sulphur demanded the same time
to become fluid as the specimens with which no sulphur had
been mixed, and on solidifying produced the same glassy rock.
Spallanzani therefore opposed Dolomieu’s theory, that a com-
bustible substance was present in flowing lava, pointing out
(1) that no flames had ever been seen on the surfaces of lava
streams ; (2) that all lavas were easily brought back to a fluid
condition ; whereas if Dolomieu were right in supposing they
became solid after all the combustible material had been con-

sumed,_then in the absence of the latter it should be much
more difficult to melt the lavas,
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Spallanzant’s experimental researches were published in
several volumes in the same series as the more popular descrip-
tive account of his travels (Zravels in Sicily and some parts
of the dpennines, 6 vols,, Pavia, 1792-97). His descriptions
and observations of volcanic regions surpass in scientific
accuracy and completeness all previous contributions of the
kind, and have secured a permanent place in the literature
of scientific travel, Although Spallanzani’s numerous experi-
ments invariably produced vitreous rock-varieties, Hall suc-
ceeded shortly after in demonstrating that crystalline structure
could be produced experimentally by the slow cooling of melted
rock.

In 1801, Scipio Breislak (p. 78) published a descriptive and
geological work on the Phlegraan fields, the extinct volcanoes
near Rocca Monfino, on Monte Somma, Vesuvius; the Baiz,
Procida, and Ischia. This work comprises several maps, and
is in many respects supplementary to Spallanzani’s Zrawvels.
Breislak also contributed the first researches on the geology
and stratigraphy of Rome, and of that part of the Apennines
which surrounds the volcanic area of the Italian mainland.

Leopold von Buch was also a contributor to the geology
of Rome. His study of the basalt of Capo di Bove and the
Alban mountains aroused in his mind the first doubts of the
correctness of Werner’s Neptunian doctrine. The best feature
in Von Buch’s summary of the geology of Rome is his lucid
exposition of the travertine and tuff deposits. He demonstrates
that these are true aqueous sediments, although he recognises
the volcanic origin of many of the contained mineral fragments.

In a paper “On the Formation of Leucite,” Von Buch tried
to prove that the crystals of leucite in the lava had separated
out while the material was still in a fluid state. In his estima-
tion the leucite crystals were original volcanic products; he
discredited the hypothesis that they had been originally
components of an aqueous sediment which had been
partially melted in subterranean volcanic cisterns and poured
forth as lavas. The anti-Neptunian attitude assumed by
Von Buch in this paper was turned to good account at the
time by the Volcanists. But Von Buch still held a somewhat
contradictory position regarding basalt.

After he had visited Vesuvius and the Euganean Isles, in
1799, he wrote to Pictet that little difference could be
distinguished between the lava flow from Torre del Greco
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and basalt rock; but as Hall's experiments had shown that
basalt when melted could again solidify in crystalline form, he
supposed that the lavas of Vesuvius represented a pre-existing
basalt of aqueous origin which had been melted in the
earth’s crust and ejected as lava. In other cases, for example
at Solfatara, the lava might not be basaltic in character, and
might have some other origin. In the same letter he gave a
description of the definite sequence in the eruptive phenomena
of Vesuvius. The eruptions, he said, begin with earthquakes,
radial fissures form on the slopes of the mountains, and lava
wells out; then the pent-up steam and vapours burst forth
from the central vent with explosive force and noise, throwing
into the air enormous masses of ashes and fragmentary scorie
amidst dust and smoke. After the crater is emptied, quiet is
regained, the exhalations of injurious gases marking the final
stages of a spent volcanic outburst.

While our scientific knowledge of volcanoes was derived in
great measure from Italy, that country also was the scene of the
series of earthquake shocks which convulsed Calabria in 1783.
Great importance is attributed to the Calabrian earthquake
in scientific literature, from the circumstance that many of
the observers present in Calabria during the disturbance, or
immediately after it, were experienced men of science, and
their vivid descriptions and accurate observations and drawings
afforded the first circumstantial scientific account of earthquake
phenomena.

D. France, Belgium, Holland, and the lbertan Peninsula.—
During the eighteenth century France had fallen behind
Great Britain, Germany, and Italy in the pursuit of geology
and palzontology, but the influence of Buffon revived a
warmer interest in these studies. Scarcely any other country
in Europe offers such a fine field for geological studies as
France. Apart from the Pyrenees, Alps, Brittany, and the
Ardennes, the stratigraphy of French districts is comparatively
simple, and the strata abound with a wealth of well-preserved
fossil remains. In addition, there is the wonderful Auvergne

district, with its groups of extinct volcanoes, discovered by
Guettard in 1752.

Desmarest was the French geologist whose genius disclosed
the full significance of these extinct volcanoes and made
Auvergne famous. In 1763 he observed on the plateau of
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Prudelle, near Clermont, basaltic pillars in close relationship
with a lava flow, and he spent many years in collecting facts
to prove the volcanic origin of the basalt. The work which
he published in the Mémoires de I’ Académie royale des Sciences
(1774-75) established the igneous origin of basalt without a
shadow of doubt.

Desmarest was himself so entirely convinced of the result
of his conclusions that he took no part in the strife between
Neptunists and Volcanists, but when questioned by any hesi-
tating adherents of either party he used to reply laconically,
““Go and see.”

It was remarkable how completely Werner and his school
ignored the incontestable results of Desmarest. And the
later work by Desmarest, *“ On the Determination of different
Epochs of Volcanic Activity in Auvergne,” was also neglected
in Germany (Mém. de I'Inst. Sc., Math. et Phys., 1806). His
own countrymen, however, fully realised the value of Desmarest’s
achievements. Following the same lines as Desmarest, Faujas
de Saint-Fond and Abbé Soulavie made known the volcanoes
of Vivarais and Velay with their magnificent basaltic pillars and
lava streams ; so that when D’Aubisson, a student of Werner’s,
returning to Paris from Freiberg, tried to spread Neptunian
doctrines, he had no success, and a visit to Auvergne con-
verted D’Aubisson himself to Volcanistic beliefs.

The intellectual politician and scientific investigator, Count
Reynaud de Montlosier, published in 1789 an ZEssay on the
Volcanoes of Auverene, in which he promulgated a new theory
about volcanoes. Like Desmarest, Montlosier recognised that
there were in Auvergne volcanoes of different ages. The
younger have preserved their typical conical form and their
craters uninjured. The older are for the most part situated
at higher levels, and these characteristic features are absent;
they are connected ridges or isolated mountains composed of
pillared basalt, or trachytic rocks, frequently reposing on
granite. Whereas it is clear that the younger craters and
cones of loose ejected material and lava are of true volcanic
character, Montlosier claimed for the older and relatively
higher groups of igneous rocks that they represented a single
upheaval of an extensive viscous mass of rock-material that
had then cooled in the elevated position.

The Pyrenees also attracted the attention of French geolo-
gists towards the close of the eighteenth century. Abbé
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Palassou wrote the first full scientific description of the geolo-
gical structure of the Pyrenees. He worked nearly forty
years in this district, and in 1782 published his Zssay on ke
Mineralogy of the Pyrences Mountains. The work comprises
eight mineralogical maps on a large scale, and twelve plates
with panoramic views. After the precedent of Guettard, Palas-
sou used special symbols to distinguish the different rocks
and minerals on the maps; and took careful observations
of the strike and dip. Palassou concluded that the whole
mountain-chain is made up of limestone, shales, clay, and
granite, with a general strike in W.N.W. and E.S.E. direc-
tion, and he gave a number of transverse sections displaying
a simple and uniform structure throughout the chain.

Palassou’s work was based upon principles which were
already somewhat antiquated when the work appeared. He
believed that the sedimentary rocks had been deposited in the
various inclined and horizontal positions in which he found
them. Limestones and fossiliferous shapes of all ages were
termed Secondary formations; no attempt was made by
Palassou to determine systematic sub-divisions according
to the rock varieties, the fossils, or any other individual
feature, and he discarded the *‘transitional” series of forma-
tions between the primitive granitic rocks and the Secondary
formation.

Among the varieties of rock a diabasic rock containing
uralite was described for the first time under the name of
Oplite.

An engineer, Picot de Lapeirouse, published a finely illus-
trated work on the Rudistes or Hippuritide, a fossil Lamelli-
branch family represented in great numbers of individuals in
the Cretaceous deposits of the Pyrenees. This remarkable
genus had been discovered by Abbé Sauvage in the Cevennes
mountains forty years previously. Unfortunately Lapeirouse,
beautiful as his illustrations are, entirely misjudged the place
of these fossils in the animal world, and called his work 4
Description of several new kinds of Orthoceralites Ostracites
(Erlangen, 1781).

Ramond de Carbonnitres contributed several geological and
paleontological works on the Pyrenees. He was an enthusi-
astic mountaineer and made a special examination of Mont
Perdu, which was then thought to be the highest summit of
the chain. He proved that this summit was not composed of
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granite as had been supposed, but of “Secondary” limestone
cnntmmng numerous marine fossils, Ramond also drew atten-
tion to the presence of horizontal and inclined strata, and to
the fan-shaped form in which the inclined strata were often
arranged.

Johann von Charpentier (1786-1855), the son of Wilhelm
von Charpent:er (p. 38), travelled as a young man for
four seasons in the Pyrenees (1808-12). The geological
work which he published in 1823 was for a long time the
standard work upon these mountains. The younger Charpen-
tier agreed with Palassou and Ramond regarding the parallel
trend of the strata along a definite strike, and demonstrated
that the sedimentary strata slope away from the granite core of
the chain. He established for the first time that there was
a transverse fault through the whole breadth of the chain
between Montrejeau and Perpignan, the eastern part of the
chain having been displaced to the north relatively to the
western portion.

As a student and follower of Werner, Charpentier, like
Palassou, supposed that the aqueous deposits had consoli-
dated in their inclined position, and gave no credence to ideas
of subsequent uplift and disturbance. He distinguished eight
formations, in ascending order—granite, mica schist, primitive
limestone, transitional limestone, red sandstone, Alpine lime-
stone, and Jura limestone, ophite and terrigenous deposits
(Tertiary and Diluvium). Charpentier gave little attention to
the fossils, therefore not infrequently made blunders with
respect to the age of the stratigraphical deposits. For ex-
ample, Charpentier’s *‘primitive” limestone corresponds to
Silurian and Devonian formations; his *transitional” lime-
stone, containing belemnites and ammonites, corresponds to
the Jurassic formation; his * Alpine” limestone to Cretaceous
and Lower Tertiary rocks. In spite of these shortcomings,
Charpentier’s work was one of the most important of his time.

Occasional observations had been made on the *Paris
Basin of Deposits” by Guettard, Desmarest, and others;
Lamanon gave special attention to the beds of gypsum near
Paris, and rightly regarded them as the deposits of a fresh-
water lake. De la Métherie had attributed them to volcanic
origin. Lamanon, however, found fossil specimens of a fresh-
water mollusc in the interstratified marls, and in the gypsum
bones of terrestrial mammals different from those of living
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species. The great chemist Lavoisier made several geological
sections through the Paris basin, and pointed out the alterna-
tion of littoral and pelagic deposits. The stratigraphical
succession established by Lavoisier was added to by Coupé’s
detailed examination of exposures in the vicinity of Paris.

The greatest work on the ** Paris Basin” appeared in 1808,
in the Journal des Mines and Annales du Muséum. The authors
were Brongniart, Professor of Mineralogy in the Natural
History Museum in Paris, and Cuvier, the famous zoo-
logist and paleontologist. They drew up a systematic table
of the succession of stratigraphical horizons in accordance
primarily with the sequence of the deposits in the ground,
and with the particular fossils characterising each group of
deposits ; the varieties of rock, and the thicknesses and dis-
tribution of different deposits were also fully considered. The
following are the formations, in ascending order from the
Cretaceous rocks, as they were recognised in the first work by
Brongniart and Cuvier :—

9. Loess clay and pebble deposits, containing bones of large

terrestrial mammals.

8. Unlossiliferous millstone quartz and fresh-
water limestone of Beauce (Orleans), con-
taining species of Planorbis, Cyclostoma,
Helix, and terrestrial plant-remains.

7 Sandstone, without molluscan remains (Fon-

Now rank tainebleau sandstone).

_as 6. Siliceous limestone, a facies of deposits s
Oligocene and 7 present in the southern parts of the
deposits. basin.

5. Sands and sandstone with molluscan «re-
mains (Fontainebleau sandstone).

4. Gypsum and fresh-water marls, etc., with
Planorbis, Linnzus, etc., passing upward
into marine oyster beds.

Now rank Sand : \ ‘
as 3 <=ands and coarse limestone series of Paris.
Eocene : .
deposits. 2. Plastic clay without [ossils.

1. Cretaceous rocks; fifty fossil species were enumerated in
the chalk deposits.

A second and larger work was issued by the same authors
in 1811, with a special part devoted to geological descriptions,
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maps, and sections. The stratigraphical succession was
slightly changed ; eleven sub-divisions were recognised instead
of nine, the millstone quartz in No. 8, and the marine oyster
beds in No. 4, being erected into independent sub-divisions.

Upon the basis of their measurements of the thickness of
individual deposits, Brongniart and Cuvier were able to arrive
at definite conclusions regarding the configuration of the chalk
surface before the deposition of the plastic clay. They demon:-
strated that the clay had been deposited upon an irregular
surface of pre-Tertiary hills and valleys, and that, owing to the
inequalities of the base of deposit, neither the clay nor the
succeeding coarse limestone series extended over the whole
area as connected layers. After the deposition of the coarse
limestone, the sea withdrew, and the Paris area then became
a fresh-water basin in which calcareous, gypsiferous, argil-
laceous and marly sediments successively accumulated. The
gypsiferous strata were thickest in the middle of the basin, but
neither they nor the fresh-water sediments were smooth layers.
It was only when the sea once more had ingress and brought
into the basin immense quantities of sand that an even surface
of deposit was attained. Again the sea retreated, and the area
became one of marshes and lakes in which the younger cal-
careous and siliceous deposits gathered; as the area continued
to emerge the surface was eroded, and valley depressions and
uplands took shape which were quite independent of the pre-
Tertiary configuration.

The importance of this work for geology will be realised
when it is remembered that with the exception of formations
1 and o, all other formations in Brongniart and Cuvier’s Table
were unknown in Werner's system of the rock-succession
(p. 58). Afterwards it was demonstrated that many of the
fossils of the Paris basin agreed with the fossils in the deposits
near Verona which Arduino had termed Zerfiary deposits. And
the series was then incorporated in the chronological succession
of the rocks as the Tertiary formations.

This was also the first French work which adopted the
method introduced by William Smith in England ten years
previously, of determining the respective ages of the rocks by
means of the fossils contained in them. And in this sense the
work had a revolutionary effect on French geology.

In a later publication Brongniart extended his observations
to the fresh-water deposits of other neighbourhoods—Orleans,
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Le Mans, Aurillac, and Limagne. Brard covered a wider field
of research, and added still further to the investigation of the
fresh-water deposits and their fossils (dnnales du Muséum,
1809, 1810).

The zoologist, De Férussac, made a special research of the
molluscan species in the fresh-water limestone near Mainz, in
Quercy, and in Spain. His publications in the Memoirs of
the Institute (1812 and 1813) proved that of about eighty-five
species nearly all had become extinct; a few, however, could
be identified with species still living in distant neighbourhoods
or indigenous to Central Europe. Férussac confirmed Brong-
niart in his opinion that the molluscan species could be used
to determine the age of fresh-water deposits.

So much interest had been aroused in these Oligocene
deposits that Omalius d’Halloy,! the Belgian geologist, made
an examination of the series in Auvergne, Velay, and in parts
of Italy and Germany, and in all cases proved conclusively
that the fossil remains had been imbedded in the deposits of
fresh-water marshes, and were not remains which had been
accidentally swept into marine deposits.

The Belgian geologist supplemented the observations of
Cuvier and Brongniart with great success. With unceasing
diligence, he conducted geological tours on foot during ten
years, and as a result he was enabled to produce a geological
map of France and the adjoining territories of Belgium,
Germany, and Switzerland. The map gave a faithful represen-
tation of the distribution of the leading geological formations.
It was first published in 1822, on the scale of 1: 4,000,000,
and was 1n later years improved and incorporated in D'Halloy’s
Text-book of Geology.

Early in his career, D’'Halloy had regarded the position of
the strata, their horizontal, slightly or highly inclined, or
vertical position, of great importance in determining the age
of the strata. He thought the horizontal strata corresponded
to Werner's “ Flotz formations,” and all inclined strata to

* Jean Baptiste Julien d’'Omalius d’Halloy, born 1783 in Liége, the only
son of a rich arislocratic family, came under the influence of B;nngninrt
Cuvier, Faujas, and Lamarck in Paris; he devoted himself from 1804 t.:;
1814 wholly to the pursuit of geological researches in France, Belgium
and !.he neighbouring districts; in 1815 was appointed Governor of lhé
Province of Namur; afterwards a Member of the Belgian Senate, and
President of the Academy of Sciences in Brussels; died 1875. :
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\Werner's *““ Transitional formations.” But his subsequent visit to
the Alps and Jura mountains caused him to modify these views.

He accomplished new and important work of investigation
in the Carboniferous districts of Belgium and the Rhine Pro-
vinces. He showed the extensive development of the highly-
tilted slate formation in the Ardennes, the Eifel and Hunsriick,
and pointed out that in the Rhine Province and in the Pala-
tinate (Pfalz) this formation had been penetrated by volcanic
rocks. The productive horizons were chiefly developed in the
northern French provinces, Artois and Boulonnais, while the
fossiliferous strata beneath the coal-bearing series were best
developed in the Hennegau. Thus Omalius d’Halloy laid the
foundation of geological knowledge over wide areas. His
more detailed works are those which deal with the Tertiary
deposits of the Paris basin. He united horizons 5 and 7 in
the classification system of Brongniart and Cuvier, and traced
the topographical distribution of each horizon.

The hill of Petersberg, near Maestricht, was made the subject
of a local monograph of high excellence by Faujas de Saint-
Fond. The chalk series of this district has since been recog-
nised as the uppermost horizon (*“ Danian Stage”) of the
Cretaceous formation, a stage absent in the British develop-
ment, but of very great interest from the intermediate
Cretaceous-Eocene character of the fauna.

The monograph of Faujas de Saint-Fond begins with a
description of the hill and the deposits, more especially the
system of caverns and tunnels that had been excavated in the
rock. In the paleontological portion, the first specimen
described is the huge reptilian skull, Mosasaurus Camperi,
that had been found in these deposits in 1770. The specimen
originally belonged to a physician of the name of Hoffmann,
but, as the result of a lawsuit, it came into the custody of the
Canon Godin, and finally, after the siege of Maestricht by the
French in 1795, it was demanded as booty of war and trans-
ferred to the Paris Museum. The famous anatomist, Peter
Camper, had examined the jaw of a similar fossil animal and
identified it as the remains of a Cetacean, nearly allied to the
genus Physeter, whereas Faujas tried to demonstrate that it
represented a fossil crocodile. Both indications were proved
erroneous by Cuvier, who identified the remains as those of a
marine serpent-like reptile, and placed the genus Mosasaurus
among the lizards, in near relationship to the genus Varanus.
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Other remains from the Maestricht chalk that had been
erroneously classified by Faujas and his predecessors were
some large marine chelonians, which Cuvier again was the
first to identify correctly.

Faujas’ descriptions and illustrations of Invertebrate groups
were particularly good. Only the want of an adequate
scientific terminology, distinguishing the original specimens
according to genus and species, has prevented the monograph
from taking a permanent place in the works of posterity, as it
must otherwise have done. Faujas himself seems to have had
no further aim in view than to show how important the
accurate description of the fossils of one limited locality might
be for paleontology and geology, inasmuch as these descrip-
tions could be used as a definite basis of comparison with the
fossil remains in other localities,

There is little to relate about the geology of the Iberian
Peninsula at this period. After the brilliant successes
achieved by the Spanish and Portuguese mariners in the fif-
teenth and sixteenth centuries the sciences became neglected,
more especially the natural sciences. The first work devoted
to Spanish fossils in the Spanish language was written by
a Franciscan father, Jose Torrubia (Z7%e Natural History of
Spain, 1754). The author had travelled in America and the
Philippines, and had collected fossils and minerals from
various lands. He drew up a complete list of all localities
where fossils had been found, and gave illustrations of the
Spanish fossils on fourteen large plates. Minor works were
published on local physical and geographical relations by
Bowles, an Englishman resident in Spain, and by the Spanish
botanist, Cavanilles, on the occurrence of fossils in the province
of Valencia.

E. Great Britain.—Researches into the constitution and
history of the earth were always held in high regard in Great
Britain. The natural wealth of the country in coals and useful
minerals, the early development of mining and smelting, the
frequent discovery of well-preserved fossils, had all contributed
to awaken widespread interest in a knowledge of rocks. Many
who had less sympathy for the scientific aspect of the subject
found themselves attracted by the literature that was called
forth in the effort to bring each new geological fact as it came
to light into harmony with the tenets of Biblical Inspiration,
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Thus, in addition to strictly empirical writings, there grew up
an independent speculative literature in which the names of
Whiston, Burnet, and WWoodward are prominent.

Towards the end of the eighteenth century, in 1789, John
Williams, director of mines, published a Natural History of
the Mineral Kingdom, with a description of the coal-beds and
their occurrence in Great Britain, which was remarkably com-
plete. Williams was a violent opponent of Hutton, whom he
blamed for disbelief in the Deity.

The hazy suggestions of Robert Hooke and others, that
fossils might perhaps be of use in identifying the chronological
order of the rocks, had remained unheeded for more than
a century. The greatest stratigraphers on the Continent,
Lehmann, Fiichsel, Arduino, had directed their attention far
more to the constitution of the rocks than to any benefit that
might be derived from a study of fossils. Giraud Soulavie
and Buffon had conceived some idea of the floras, but had not
ascertained any sure method of applying such variations to
problems of historical geology and stratigraphy.

William Smith,’ an English engineer, was the first to
recognise the importance of fossils in their full significance as
a means of determining the relative age of strata. Born in a
county that was unusually rich in fossil remains, he had in his
boyhood abundant opportunity of observing and collecting.
As assistant to a land-surveyor he became intimately acquainted
with the counties of Oxfordshire and Hampshire, and with the
surroundings of Salisbury and Bath.

1 William Smith, bérn on the 23rd March 1769, at Churchill in Oxflord-
shire, son of a farmer, received a scanly elementary education at the village
school ; managed, however, to train himself to some extent in geometrical
studies, and enlered at the age of eighteen as an assistant in a Jand-
surveyor's office. He was alterwards employed as engineer in Lhe con-
struction of a canal in Somersetshire, and practised independently as land-
surveyor and civil engineer. He lived in London from 1801 to 1819; in
1828 he became factor for the estates of Sir John Johnstone. After the
Geological Society was founded, William Smith was in 1831 the first
recipient of the Wollaston medal; in 1835 the University of Dublin made
him an honorary Doctor of Laws ; and in 1838 he was a member of the
commission for the building material of the Ilouses of Parliament. During
the laler years of his life he was in poor circumstances ; a small pension
was granted to him by the Government, and he died unmarried at
Northampton in 1839. (Biography of William Smith in Sedgwick’s
Presidential Address, Proc. Geol. Soc, London, 1831, p. 279; John Phillips,
AMemoirs of William Smith, 1844.) '
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In 1791 he observed the agreement of the red marl and the
Lias near Bath with the corresponding strata in Gloucester-
shire, and also their unconformable position upon the
Carboniferous formation. For twenty-five years William
Smith continued his investigations in all parts of England;
he entered his observations in coloured geological maps, and
compiled them from time to time in the form of tables or as
explanatory notes to his maps. He also carried out a scheme
of arranging a collection of fossils according to the succession
of strata; his own collection was acquired by the British
Museum, and is still exhibited there. After his long period
of field observations, William Smith came to the conclusion
that one and the same succession of strata stretched through
England from the south coast to the east, that each individual
horizon could be recognised by its particular fossils, that
certain forms reappear in the same beds in the different localities,
and that each fossil species belongs to a definite horizon of
rock.

Like his famous contemporary Werner, William Smith also
had a disinclination for writing; on the other hand, he was
always willing to communicate the results of his investigations
orally. Itistold of him how in the year 1799 he made the
acquaintance of the Rev. B. Richardson, in Farley, who owned
a large collection of fossils from the neighbourhood of Bath.
To Richardson’s astonishment, Smith knew better than the
owner himself where the individual species had been found
and in which particular horizon of rock.

Then a dinner was arranged, at which William Smith met
another enthusiastic fossil collector, Rev. W. Townsend, and
William Smith consented to dictate a table of the British strata
from the Carboniferous to the Cretaceous formation. The
table of strata was rapidly copied and distributed among
geologists. The original manuscript, written by Richardson
and dictated by Smith, is in the possession of the Geological
Society in London. In this first table of Smith’s the successive
strata were indicated by numbers.

But Smith was not content with the determination of a
chronological succession of strata; he traced their surface
outcrops, and thus built up the material for his maps and
sections. He laid before the Board of Agriculture a
series of memoranda and geological maps which were
published bétween 1794 and 1821 in the form of
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excellently printed detail-maps of fifteen counties. These
maps were on such a large scale, and so full of details, that
they had a limited circulation. Smith therefore conceived a
plan to publish a geological map of England and Wales on a
small scale, that should show accurately the course of the
surface outcrop of each stratigraphical horizon, and should be
accompanied by geological sections to the true scale of the
map. The preliminary sketch of this plan was drawn up in
1801, and may be seen in the Archives of the Geological
Society ; but it was 1812 before Smith found a publisher to
undertake the map. In 1815, the famous map of England
and Wales appeared, consisting of fifteen sheets in the scale
of 1 inch to 5 miles. The complete map is 8 ft. g in. high
and 6 ft. 2 in. broad. The individual strata are indicated
by different colours, and sometimes the basis of a stratum is
marked by a darker line of the ground colour.

Smith’s map is the first attempt to represent on a large
scale the geological relations of any extensive tract of ground
in Europe. It was a magnificent achievement, and was the
model of all subsequent geological maps. For English
geology, the publication of the map was the starting-point of
a new zégzme. Smith gave an explanatory text of fifty
pages, in which he introduced a stratigraphical terminology
adopted from the local names in practical use (Lias, Forest-
Marble, Cornbrash, Coralrag, Portland Rock, London Clay,
etc.), and these names of horizons have for the most part been
retained in geology to the present day.

Between 1816 and 1819, Smith began a work entitled
Strata identified by Organised Fossils, containing prinis of lhe
most characteristic specimens in eack stratum. Four volumes
appeared containing the description of sixteen strata and
their characteristic fossils, from the horizon of Fuller’s Earth
to London Clay, but the work was never completed. In 1817
he prepared an ideal geological section across England from
London to Snowdon, and the section was afterwards intro-
duced into most text-books. A contemporaneous account of
Smith’s results and his terminology was published in 1818 in
a small book written by William Phillips.

William Smith was a self-taught genius of rare originality
and with exceptionally keen powers of observation. Without
much intellectual cultivation, without any introductory
teaching, without any means at his disposal, and at first even
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without the encouragement and sympathy of colleagues in the
study which he loved, his own unflinching determination,
noble enthusiasm, and remarkable insight enabled him to
elucidate the structure of his native land with such clearness
and accuracy that no important alteration has had to be made
in his work. Smith confined himself to the empirical
investigation of his country, and was never tempted into
general speculations about the history of formation of the
earth. His greatness is based upon this wise restraint and
the steady adherence to his definite purpose; to these
qualities, the modest, self-sacrificing, and open-hearted student
of nature owes his well-deserved reputation as the * Father of
English Geology.”

Soon after their publication, Smith’'s researches were
productive of results which he could never have anticipated.
It was found that the strata described by him from the Lias
to the Purbeck horizons filled the great gap between the
Muschelkalk and the Cretaceous formations in Werner’s
system. European geology was thus enriched by the accurate
knowledge of an important series of fossiliferous geological
horizons, and the equivalents of the English Lias, Cornbrash,
Portland and Purbeck series were sought for and discovered
in various parts of Europe.

George Greenough,! the founder of the Geological Society of
London, published a geological map of England and Wales
in 1819, soon after the appearance of W. Smith’s. The
topographical groundwork and technical workmanship of

! George Bellas Greenough, born 1778, al first studied law at Cambridge
and Géttingen, but under Blumenbach’s guidance turned to natural science,
and afterwards studied mineralogy and geognosy with Werner in Freiberg ;
l,rsure'lled in Germany and Italy; became a Member of Parliament in 1807,
and in the same year, on November 13th, founded the Geological Society
of London; died 1855 in Naples. The Geological Society has exer-
cised a strong and favourable influence upon the development of geology
in England. The aim in founding the Society was to unile all the English
geologists, and to keep alive and encourage the interest in geology by the
regular publication of memoirs, Zransactions, and shorter reports of the
communications made at the meetings. The first of six volumes of 7ras-
actionsappeared in 1811. Much later, in 1845, the Zyansactions, published
in quarto form, were replaced by the Quarreriy Sournal, fifty-two volumes
of which have now been published, and have upheld the high quality
of the Society’s publications. Mr. Greenough, the first President of the

Society, helped very considerably to supply the means for endowment of
the Geological Society.
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Greenough’s map were particularly good; the geological
colouring embraced Smith’s results, and was partially founded
upon his own observations. The original edition appeared in
six sheets; in 1826 a reduced map was published and at once
obtained a wide circulation. New and improved editions of
Greenough’s map continue to appear at the present day, and
for a long time this map was the best that existed.

Smith’s example gave a new impulse to geological work.
John MacCulloch,! a physician in private practice, gave up his
practice and devoted himself between 1811 and 1821 to the
geological investigation of Scotland. The first fruits of his
important labours were published in 1819 in his Description
of the W. 1. of Scotland. In" 1826 he was commissioned by
the Minister of Finance to prepare a geological map of that
country. This large undertaking was completed in 1834.
There were, however, no detailed topographical maps of
Scotland available at that time, and MacCulloch had to enter
the geological colours on the meagre topographical basis of
the. Arrowsmith map. MacCulloch’s map was published
posthumously in 1840. It frequently passed under the name
of the author of the topographical map, and received on its
appearance little attention even from geologists. Nevertheless,
MacCulloch was one of the pioneers of British mineralogy and
geology.

The country which he investigated was brjstling with com-
plexities and difficulty of every kind, but a wide mineralogical
knowledge and experience stood him in good stead, and he
built up a thorough groundwork for the general features in the
distribution of the rock-varieties in Scotland. Although a
little unwillingly at first, owing to MacCulloch’s personal
peculiarities and unpopularity, his memoirs have long been
recognised as classical works in the history of British geology.
They are characterised by accurate mineralogical determination

! John MacCullech, born 1773 in the island of Guernsey, of Scotch
descent, was educated in Cornwall, and studied medicine in Edinburgh.
lie became so enamoured of mineralogical studies that in 1811 he gave up
his practice, and in the same year he communicated to the Geological
Sociely several papers on Lhe structure of the Channel Islesand Heligoland.
In 1814 he was appointed a geologist on the Trigonometrical Survey. He
belonged to no particular school; he frequently fell into scientific disputes
with his contemporaries, and was very unpopular on account of his per-
emptory way and jealous temperament. IHe died in 1835, through a
carriage accident in Cornwall. . 3
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of the rocks, and by their extraordinary number of careful
observations.

Farey published a General View of the Agriculture and
Minerals of Derbyshire in 1815, with geological sections and
maps. Thomas Webster and Professor William Buckland!
studied the character and distribution of the younger sedi-
mentary rocks of England. Buckland described in detail
the pebble and sand deposits above the Tertiary formations
and below the very youngest fluviatile, lacustrine, or marine
deposits. He identified the widely-distributed pebble-beds
with the epoch of the universal Deluge, and called them
Diluvial defritus; the youngest deposits he termed Fost-
diluvial (alluvial) detritus. He also made a large collection of
fossils from the Liassic and Qolite series in the Midlands, and
followed William Smith’s initiative in working out successive
horizons upon palaontological evidence. Buckland’s system
of the Secondary formations, more especially of the Jurassic
formation, has remained a model of clearly-defined pal®onto-
logical horizons of strata.

The magnificently-formed basaltic pillars of Staffa, the
Giant’s Causeway, and County Antrim early attracted notice.
Pennant’s Book of Travel (1774) gave descriptions and illus-
trations of these, without attempting any explanation of their
origin. John Whitehurst (1786), the Rev. Williamm Hamilton
(1790), and Abraham Mills (1790) advanced the idea of a
volcanic origin, and Faujas de Saint-Fond, after a journey in
Scotland and Ireland, supported this explanation.

On the other hand, Kirwan (1799) and the Rev. William
Richardson (1808) reported the discovery of fossils in the
basalt of Ballycalla, near Portrush, and consequently advocated
the aqueous origin of basalt, trap, granite, etc.; but Playfair
proved that the supposed fossiliferous basalt of Portrush was
only metamorphosed Lias.

Contributions to the geology of Ireland were made by
Conybeare and Buckland (1813), Vaughan Sampson (1814),

! William Buckland was born 1784, the eldest son of the Rev. Charles
Buckland, at Axminster, in Devonshire ; studied theology in Oxford, and
was a Fellow of Christ’s College there, 1In 1813 he was appointed
Professor of Mineralogy, and in 1819 was made in addition the first Pro-
fessor of Geology in Oxford ; in 1845 he became Dean of Westminster.
He died 1856, held in the highesl respect and esteem Ly all English

geologists. (Z%he Life and Correspondence of Willi Bucklind. by his
daughter, Mrs. Gordon ; London, 1894.) of am bLuckiand, by hi
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and Dr. J. T. Berger, of German birth, who had been trained
in Werner’s school. Berger's description of the geology of
N.E. Ireland, published in 1816, with a preface by Conybeare,
has proved fundamental in the geological literature of that
country, while the geological maps of Ireland, published by
Richard Griffith in 1834 and 1838, afforded a complete general
survey of the stratigraphy.

In Scotland, Robert Jameson (1774-1854), an enthusiastic
pupil of Werner, tried to establish Neptunian doctrines. He
founded a Wernerian Natural History Society in Edinburgh,
wrote a Zext-dook of Geognosy upon Werner's principles,
and was for fifty years Professor of Geology in Edinburgh
University, He and his students made many valuable
researches in Scottish mineralogy, petrography, and geognosy,
but their biassed Wernerian view of the rock-formations
prevented them from attaining any real insight into the
complex stratigraphical relations of the sedimentary deposits
in Scotland.

Hutton strongly opposed the Neptunian teaching of
Jameson, which was contrary to all his experience in Scotland.
On one occasion in 1783, when Hutton was on a visit to the
Duke of Athole, he happened to observe red granite dykes
near Glen Tilt, in the Grampians, penetrating black mica
schist and limestone. He was so overjoyed at the sight that
his companions could not understand what was the matter,
and thought Hutton must have discovered a gold-mine in the
rocks! Afterwards at Cat’s Neck, Hutton saw dykes of trap-
rock intruded in all possible directions through sandstone.
These observations formed the basis of his paper “On
Granite,” wherein he proves that granite is frequently younger
than sedimentary aqueous deposits. John MacCulloch
brought subsequent confirmation of Hutton’s views by
showing that intrusive dykes of basalt, porphyry, granite, and
other varieties of igneous rock, abound in the Western Isles of
Scotland, and that the stratified deposits have been altered at
zones of contact.

I, Scandinavia and Russia.—The first Scandinavian scholar
who interested himself in the history of the earth was Urban
Hiirne (1641-1724). His work, published in 1694, draws its con-
ceptions of the earth's interior chiefly from Athanasius Kircher.
While he recognised fossils as the remains of organisms, he
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supposed these organisms had come into existence aiter the
Deluge. To the epoch of the Deluge he also attributed
gigantic disturbances of the earth’s surface that had uplifted
great portions of Scandinavia and thrown other areas into the
interior of the earth. He thought that frequent recurrences
of disturbance had taken place, elevating and destroying
mountain-systems and continents.

Hidrne’s work was written in his own language, and was little
read outside Sweden. The scientific writings of Emanuel
Swedenborg, the religious enthusiast, were more widely read.
Swedenborg (1688-1772), who held for a long time the post of
Assessor of Mines in Sweden, took a great interest in fossils,
and in his Observations of Natural Things (1722) he
mentions and describes a large number of Swedish fossils.
He thought the fossils found in high tablelands and mountains
had been left there by the flood; he regarded the trap-rocks
(Swed. Zragpa, a stair, from the characteristic weathering) as
aqueous sediments, and referred volcanic phenomena to the
presence of molten reservoirs within the solid crust of the
earth.’

A work devoted to paleontological details was published in
1727 by Magnas von Bromell; his Zithographia Suecana
treats of trilobites, corals, and gastropods from Gothland, and
of graptolites and plant-remains in calcareous tuff. Another
author, Kilian Stobzus, described the first known Ammonites
and the so-called * Brattenburg pennies” from the Cretaceous
deposits of Schonen, The year 1743 was signalised by the
publication of the famous observations made by Anders
Celsius on the sinking of the sea-level in the Gulf of Bothnia.
Celsius reckoned the lowering of the sea-level at 450 ft. in
10,000 years.

Carl von Linné (1707-78) published in 1756 his account
of a geological tour that he made as early as 1741 with six
students to Oeland and Gothland. At West Gothland Linnzeus
had investigated very carefully the horizontal strata of the
“transitional formations” (now identified as Silurian and
Cambrian), succeeded by a series of trap-rocks well exposed at
the Kinnekulle hill. A typical section through the Kinne-
kulle hill was drawn up by Johan Svensson Lidholm, under the
guidance of Linnzus, and it was taken as a standard for
the stratigraphical relations throughout Sweden. Linnzus
assigned the trap or igneous series to aqueous origin. In
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1749 he examined the Cretaceous rocks in Schonen, and in
the last edition (1768) of his Systema Nature he gave a
complete list of the fossils known to him, and arranged them
according to their occurrence in his system of the rock
succession. He arrived also at remarkably clear conceptions
about the accumulation of different kinds of sedimentary
deposit upon the floor of the ocean.

While Linnzus was a true empirical observer, and may be
regarded as the founder of constructive geology in Sweden, a
contemporary of his, Tobern Bergman (1735-84), inculcated
theories regarding mineral structure and the constitution of
the earth’s crust which were largely adopted by Werner, and
were thus destined to wield a European influence. His
Physical Description of the Globe (1769) was translated into
German, and was the foundation of the Wernerian doctrine
that the earth’s crust was composed of successive strata of
different thicknesses and constitution, but uniformly envelop-
ing the spherical earth; further, that these have arisen as
chemical precipitates, and not simultaneously, but gradually
during protracted epochs of time. In addition there were
deposits accumulated by mechanical means and volcanic
rocks. He classified the rock-succession in four sub-divisions :
(1) Primitive rocks, comprising the chemical precipitates;
(2) the ZFlotz series, comprising sediments of mechanical
origin ; (3) fransported rocks ; (4) voleanic rocks.

Daniel Tilas (1712-72) made a special study of the erratic
blocks and superficial pebble-beds of Sweden. He wrote
strongly on the importance of petrography, and to his warm
advocacy Sweden doubtless owes the preparation of its earliest
geological maps: the map of West Gothland by Hisinger in
1797, and the maps of Nerike, Schonen, West and East
Gothland by Gustaf Hermelin, published between 1797
and 1807. Both these authors contributed an explanatory
text to their maps, and thus laid the basis of stratigraphy in
Sweden. Hisinger (1766-1825) wrote a general description of
the mineralogical relations of Sweden; and the second edition,
soon after its appearance in 1808, was twice translated into
German. This work contains a historical review of all the
facts known about Swedish rocks up to that date, and applies
Werner'’s systematic arrangement.

The oldest information about the geography, minerals, and
rocks of Norway is to be found in Erich Pontoppidan’s Natural



118 HISTORY OF GEOLOGY AND PALZONTOLOGY.

History of Norway, 1753. In the beginning of the nineteenth
century, Werner’s scholar, Jens Esmarch, conducted mineral-
ogical investigations in Norway. J]. L. Hausmann travelled
through Scandinavia in 1806 and 1807. His chief aim was to
investigate the mining districts of Sweden and Southern Nor-
way, and his account of the journey, which was published
several years later, contains a large number of valuable observa-
tions on the minerals and ores of these districts. It also
embraces detailed descriptions of the Cambrian rocks near
Andrarum, the famous section at Kinnekulle, and other features
of geological interest. Hausmann was the first scientific
observer who noted the position of the granite adove the
“transitional ” limestone formation in the neighbourhood of
Christiania, and the first who described the zircon syenite of
the Langensund (cf. p. 86).

But Leopold von Buch’s Journey to Norway and Lapland
(Berlin, 1810) was the work which first gave European geolo-
gists an insight into the general geological structure of. Norway.
The novelty of many of the districts traversed, and the author’s
genius for the narration of scientific observations, combined to
secure immediate popularity for this work.

On the journey to Scandinavia, Leopold von Buch passed
through Mecklenburg, Hamburg, Holstein, and Copenhagen.
He gave full notes about the erratic blocks, and the white
chalk of Moen and Stevensklint. The journey to Christiania
was carried out by land, the route leading across the Swedish
seaboard and the coast of the Christiania Fjord. Von Buch
confirmed Hausmann’s observation that not granite but gneiss
was the predominating rock in this district. He was also
greatly struck by the relations between the transitional rock-
formations and the granite-grained rocks. He described the
various kinds of rock, and showed that the porphyry penetrated
the “transitional ” formations as dykes and veins, and that be-
tween Drammen and Christiania a large mass of granite rested
upon fossiliferous ‘transitional limestone.” This occurrence
was at once admitted by Buch to be incontestable evidence
that granite was not, as Werner had taught, in all cases part of
the oldest rock-formation, although he still clung to the idea of
the aqueous origin of the porphyritic and granitic series. In
1393, Leopold von Buch travelled through the northern terri-
tories of Norway and Lapland. He took geological observations
at the Dovre Feld Mountain in Drontheim, at Lake Mjésen,
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and in Gulbrand Valley; and wherever he travelled he gave
attention to. the climatic conditions, and to the habits and
cultivation of the people. Near the town of Drontheim,
Buch saw a coarse-grained diallage rock, which he afterwards
recognised again in the Alps of Valais, in Tuscany, the Riviera,
and other places; he described it under the name of “gabbro.”
He observed the diallage rock together with slate at the North
Cape. His numerous observations on upraised beach deposits
round the northern coast-line of Norway led him to conclude
that the uprise in Sweden had been greater than in Norway,
and had been altogether greater in the north than in the south
of the peninsula.

In Russia, the numerous remains of land mammals,
especially the mammoth and rhinoceros, had long attracted
attention. One of the chief aims of Johan Georg Gmelin’s
expedition to Siberia was to look for complete remains of these
animals and bring them to St. Petersburg (XKeise durch Siberien,
1752). Pallas was, however, the scientist who most success-
fully carried out this purpose, and his works were the means of
opening up to science the geological structure of the vast
Russian empire. The collective works of Georgi and Razu-
mowsky, as well as the first geological map of Russia by
Strangways, are largely based upon the rescarches of Pallas,
and partially upon the independent investigations of these
geologists.

G. America, Asia, Ausiralia, Africa.—Although no country
outside Europe bore any appreciable part in the construction of
the early framework of the science, it was a matter of keen
interest to geologists to compare the structures ascertained in
Europe with those in other regions of the globe. All observa-
tions of the mineral constituents and structural forms in other
parts of the world were much valued at home, and in many cases
were employed as corroborative evidence in favour of one theory
or another. In the beginning of the nineteenth century but
little was known in Europe of the geology of foreign parts, yet
what was known sufficed to show that the results obtained 1n
Ilurope were in harmony with geological phenomena elsewhere,.
and might therefore be regarded as a sure scientific basis for
future progress.

The errors, the false hypotheses, and bitter disputes which
had retarded the growth of the science during many centuries
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in Europe, were spared in the case of the other continents.
In them the knowledge so hardly won in Europe could at
once be adopted, and the help of experienced European
observers could be secured in carrying out pionrer research
elsewhere. Thus geological data furnished within a few years
in foreign lands could often bear comparison with the results
that had demanded many decades or even centuries of work
in the European territories. Active co-operative research in
the other continents did not commence until after the period
with which this introductory chapter deals.

North America was first brought into the field of geological
science. As early as 1752, Guettard had examined a collec-
tion of Canadian fossils, and had tried to apply to North
America the sedimentary horizons which he had erected for
Europe. He had gone so far as to construct a hypothetical
map showing the distribution of the various rock-formations
whose existence he had surmised.

Of another character were the investigations of the Scots-
man, Maclure (1763-1840), who had been trained as a
mineralogist by Werner. Maclure published in 1809 a treatise
and a map on the geology of the United States ( Z7ans. Amer.
Fhil. Soc.). He distinguished the rock-formations according to
Werner's system, and showed that the primitive rocks pre-
dominate on the north and west of the Hudson, and form the
basement in the New England States; the transitional forma-
tions repose upon the primitive rocks and extend far west to
the Mississippi, where the Flotz or younger sedimentary forma-
tions begin. Maclure also gave a clear exposition of the
distribution of the Carboniferous formation in the Alleghanies,
in Pennsylvania, and in the West, of the absence of trap-rocks
in the Flotz formation, and the absence of porphyry, vesicular
rocks, and basalt in the whole eastern district of the United
States. He fully realised and depicted the simplicity and the
gigantic scale of geological structures in the United States.

Maclure’s comprehensive survey of the geology of North
America overshadows the many smaller works on local strati-
graphical details, such as those of Jefferson, Gibbs, Bruce,
Silliman, and others.

Long before geological research had begun in North Am erica,
however, the presence of mammalian remains similar to those
of Siberia had been discovered. Dr. Mather, in 1712, reported

in a letter to Woodward the presence of bones of enormous
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size near Albany (New York), and surmised that they must
have belonged to a race of giants. In 1739, a French officer,
Longueil, brought back to Paris fossil bones and teeth found
in a marsh near Ohio. Daubenton and Buffon identified
the bones as Elephas and the back teeth as Hippopotamus
remains. More. complete fossil remains were discovered by
Croghan and Peale, and the restoration of a skeleton was
attempted. Cuvier, with his customary insight, recognised in
this an extinct genus of Proboscide, to which he gave the
name of Mastodon. His great work on Mastodon gives a full
account of all the remains of this extinct genus that had been
found up to that time in North America. .

In a cave in West Virginia, Jefferson discovered along with
Mastodon remains the extremities of another diluvial animal.
Cuvier examined these, and referred them to a gigantic genus
(Megalonyx) belonging to the Edentates.

Throughout Mexico, Yucatan, Bolivia, Peru and Chili, fossil
bones of enormous size had been frequently found during the
sixteenth and seventeenth centuries. In 1789, Loretto, the
Regent of Buenos Ayres, sent a complete skeleton of one of
these fossil animals to Madrid, and shortly after, two other
skeletons were sent from lLima and Paraguay. These were
described by ]J. Garrign under the generic name of Mega-
therium; they were found to belong to the Edentates, and,
like Megalonyx, to the sub-order Gravigrada. Garriga’s iden-
tification was afterwards confirmed by Cuvier. The first
remains of a Glyptodon, another of these heavily-built fossil
Edentates, are mentioned by the Jesuit Falkner in the account
of his travels.

Alexander von Humboldt’s observations were the earliest
contribution to the geology of Central America. This great
geographer- applied Werner’s system of rock-formations, and
wherever he travelled in Central and South America identified
the rocks in accordance with Werner’s petrographical teaching.
He thought that the distribution of the rocks in these regions
fully confirmed Werner’s chronological succession of the groups
of formations.

In Asia, the pioneer work of Pallas in Siberia and the Urals
was continued by Patrin, who published in 1783 the Account
of kis Travels in The Altai Mountains. The geological struc-
ture of Central and Southern Asia, Australia, and Africa was
still a blank in the beginning of the nineteenth century. The
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few reports that had been given by travellers merely con-
firmed the presence of volcanoes in one locality or another,
or mentioned the occurren