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PREFACE.

-——-’_—n

HE first edition of this Work was published February 6,
1863, and the second appeared two months later, with a
few alterations and corrections in the text, and with seven
pages of additional matter in an Appendix. In the present
edition I have also added to the Appendix some account of
discoveries made since April last, and the discussions to
which they have given rise, all of them bearing directly
on subjects previously treated of in my book. The following
are the principal topics alluded to :—
1st. ¢The supposed discovery, near Chartres, of traces of
the coexistence of Man with the Elephas meridionalis, in
times anterior to the glacial epoch,” by M. Desnoyers, mem-
ber of the French Institute.. These traces consist of cuts and
strise, and various markings observed on the bones of several
extinct mammalia. The reader will see that, in order to form
an opinion on this question, I thought it desirable to revisit
Saint-Prest, near Chartres, with my friend M. Desnoyers,
in June last, and examined with him, in the Museums of
Chartres and Paris, the specimens relied on as affording
proofs of the pre-glacial existence of the human race.
2ndly. An animated discussion took place in the course of
last summer, as to the authenticity of a human lower jaw-
bone, said to have been found in the higher level gravel of
Moulin-Quignon, near Abbeville, in the Valley of the Somme.
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I have explained the conclusion to which I came after ex-
amining the jaw in Paris, and communicating with several
of the French and English savants who took part in the
enquiry.

3rdly. In October last, flint implements of the post-pliocene
period were found for the first time in Wiltshire. I have given
an abstract of a communication made to me by Dr. Blackmore
on this subject, with a list of the extinct mammalia supplied
by him, and supposed to be coeval with the flint tools.

4tbly. M. Lartet, whose valuable account of an ancient
sepulchral vault at Aurignac, in the South of France, was
noticed by me at some length in the Tenth Chapter, paid a
third visit to that grotto in 1862, and kindly communicated
to me several new and important particulars which were
brought to light during his new researches. It will be seen
that they confirm the opinion previously arrived at respecting
the co-existence of a people practising the rites of burial, with
many species of mammalia long since extinct.

5thly. No part of the evidence adduced in support of great
geographical changes and movements of the land within the
area of the British Islands, has been thought to stand so
much in need of confirmation as that founded on the alleged
occurrence of marine shells in drift at the height of nearly
1,400 feet above the sea, on a Welsh mountain called Moel
Tryfaen, near Caernarvon. I have now stated the results of
a visit to this locality in July last, made by Mr. Symonds and
myself, on which occasion we examined a fresh section of the
marine drift alluded to, at the height of 1,360 feet. It will
be seen that Mr. R. D. Darbishire has enabled me to point

out the inferences as to the climate deduced from the
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examination of no less than 54 species of fossil shells found
at that great elevation.

6thly. By reference to newly-published Admiralty Surveys
and a map of the soundings in the North Sea, recently pub-
lished by Mr. Murray, C. E., I have been able to give an
improved map of the North-West of Europe, as it would
appear after an upheaval of 600 feet, in correction of that
which I had borrowed from Sir Henry De la Beche’s ¢ Theo-
retical Researches,” published in 1834. The various changes,
now for the first time introduced, are explained in Appendix I.

7thly. When speculating on the probable causes of the
intense cold in parts of Central Europe, especially the Alps,
during the glacial period, I omitted in former editions to
allude to the submergence of the great desert of the Sahara,
during the early part of the post-pliocene period, and the
effect of that submergence in moderating the temperature of
the Sirocco, or Fohn, as it is called in Switzerland, and the
consequent augmentation of the Alpine glaciers. The proofs
derived from marine fossil shells, and from the present distri-
bution of animals, in favour of the long sojourn of a sea
on the site of the Sahara, and the names of some of the
authors who have treated of this subject, are now given for
the first time.

In conclusion, I wish it to be understood that the present
work makes no pretensions to give a complete analysis of
all even the most important memoirs lately published on the
coexistence of man with many species of extinct animals.
I have thought it best, for the sake of brevity, and suffi-
cient for the object of my work, to treat of those instances

which I had been able to verify by personal examination of



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm
viil PREFACE.

the localities referred to; or if in some cases I have departed
from this rule, it was only where my intimacy, with the
original observers, and my opportunities of freely communi-
cating with them, and of seeing their collections of fossils -
and works of art, made me feel competent to test the value
of the evidence appealed to.

63 Hariry STREET:
November 1863.
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GEOLOGICAL EVIDENCE

OF

THE ANTIQUITY OF MAN.

; ¢

CHAPTER L

INTRODUCTORY.

PRELIMINARY REMARKS ON THE SUBJECTS TREATED OF IN THIS WORK —
DEFINITION OF THE TERMS RECENT, POST-PLIOCENE, AND POST-TER-
TIARY — TABULAR VIEW OF THE ENTIRE SERIES OF FOSSILIFEROUS
STRATA.

NO subject has lately excited more curiosity and general

interest among geologists and the public than the
question of the Antiquity of the Human Race,— whether or
no we have sufficient evidence in caves, or in the superficial
deposits commonly called drift or ¢diluvium,’ to prove the
former co-existence of man with certain extinct mammalia.
For the last half-century, the occasional occurrence, in va-
rious parts of Europe, of the bones of Man or the works of his
hands, in cave-breccias and stalagmites, associated with the
remains of the extinct hyzna, bear, elephant, or rhinoceros,
has given rise to a suspicion that the date of Man must be
carried further back than we had heretofore imagined. On
the other hand, extreme reluctance was naturally felt, on the
part of scientific reasoners, to admit the validity of such
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evidence, seeing that so many caves have been inhabited
by a succession of tenants, and have been selected by Man,
as a place not only of domicile, but of sepulture, while some
caves have also served as the channels through which the
waters of occasional land-floods or engulfed rivers have
flowed, so that the remains of living beings which have
peopled the district at more than one era may have subse-
quently been mingled in such caverns and confounded
together in one and the same deposit. But the facts brought
to light in 1858, during the systematic investigation of the
Brixham cave, near Torquay in Devonshire, which will be
described in the sequel, excited anew the curiosity of the
British public, and prepared the way for a general admission
that scepticism in regard to the bearing of cave evidence in
favour of the antiquity of Man had previously been pushed
to an extreme.

Since that period, many of the facts formerly adduced in
favour of the co-existence in ancient times of Man with
certain species of mammalia long since extinct have been
re-examined in England and on the Continent, and new cases
bearing on the same question, whether relating to caves or
to alluvial strata in valleys, have been brought to light. To
qualify myself for the appreciation and discussion of these
cases, I have visited, in the course of the last three years,
many parts of England, France, and Belgium, and have
communicated personally or by letter with not a few of the
geologists, English and foreign, who have taken part in these
researches. Besides explaining in the present volume the
results of this enquiry, I shall give a description of the
glacial formations of Europe and North America, that I may
allude to the theories entertained respecting their origin, and
consider their probable relations in a chronological point of
view to the human epoch, and why throughout a great part
of the northern hemisphere they so often interpose an abrupt
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‘barrier to all attempts to trace farther back into the past the
signs of the existence of Man upon the earth.

In the concluding chapters I shall offer a few remarks on
the recent modifications of the Lamarckian theory of pro-
gressive development and tramsmutation, which are sug-
gested by Mr. Darwin’s work on the ¢ Origin of Species, by
Variation and Natural Selection,” and the bearing of this
hypothesis on the different races of mankind and their con-
nection with other parts of the animal kingdom.

Nomenclature.— Some preliminary explanation of the
nomenclature adopted in the following pages will be indis-
pensable, that the meaning attached to the terms Recent,
Post-pliocene, and Post-tertiary may be correctly understood.

Previously to the year 1833, when I published the third
volume of the ¢ Principles of Geology,” the strata called
Tertiary had been divided by geologists into Lower, Middle,
and Upper ; the Lower comprising the oldest formations of the
environs of Paris and London, with others of like age; the
Middle, those of Bordeaux and Touraine; and the Upper, all
that lay above or were newer than the last-mentioned group.

When engaged, in 1828, in preparing for the press the
treatise on geology above alluded to, I conceived the idea of
classing the whole of this series of strata according to the
different degrees of affinity which their fossil testacea bore to
the living fauna. Having obtained information on this
subject during my travels on the Continent, I learnt that
M. Deshayes of Paris, already celebrated as a conchologist, had
been led independently, by the study of a large collection of
recent and fossil shells, to very similar views respecting the
possibility ‘of arranging the tertiary formations in chrono-
logical order, according to the proportional number of species
of shells identical with living ones, which characterised each
of the successive groups above mentioned. After comparing
3000 fossil species with 5000 living ones, the result arrived at
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was, that in the lower tertiary strata, there were about 31
per cent. identical with recent; in the middle tertiary (the
faluns of the Loire and Gironde), about 17 per cent. ; and in
the upper tertiary, from 35 to 50, and sometimes in the most
modern beds as much as 90 to 95 per cent. For the sake of
clearness and brevity, I proposed to give short technical names
to these sets of strata, or the periods to which they respec-
tively belonged. I called the first or oldest of them Eocene,
the second Miocene, and the third Pliocene. The first of
the above terms, Eocene, is derived from #d¢ eds, dawn, and
xawds kainos, recent; because an extremely small propor-
tion of the fossil shells of this period could be referred to
living species, so that this era seemed to indicate the dawn of
the present testaceous fauna, no living species of shells having
been detected in the antecedent or secondary rocks.

Some conchologists are now unwilling to allow that any
Eocene species of shell has really survived to our times so
unaltered as to allow of its specific identification with a living
species. I cannot enter in this place into this wide controversy.
It is enough at present to remark, that the character of the
Eocene fauna, as contrasted with that of the antecedent
secondary formations, wears a very modern aspect, and that
some able living conchologists still maintain that there are
Eocene shells not specifically distinguishable from those now
extant; though they may be fewer in number than was
supposed in 1833. |

The term Miocene (from pelwv meion, less; and xauvde
kainos, recent) is intended to express a minor proportion of
recent species (of testacea); the term Pliocene (from wAelwy
pleion, more; and xaivos kainos, recent), a comparative
plurality of the same.

It has sometimes been objected to this nomenclature that
certain species of infusoria found in the chalk are still
existing, and, on the other hand, the Miocene and Older
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Pliocene deposits often contain the remains of mammalia,
reptiles, and fish, exclusively of extinct species. But the
reader must bear in mind that the terms Eocene, Miocene,
and Pliocene were originally invented with reference purely
to conchological data, and in that sense have always been and
are still used by me.

Since the first introduction of the terms above defined, the
number of new living species of shells obtained from different
parts of the globe has been exceedingly great, supplying fresh
data for comparison, and enabling the paleontologist to
correct many erroneous identifications of fossil and recent
forms. New species also have been collected in abundance
from tertiary formations of every age, while newly discovered
groups of strata have filled up gaps in the previously known
series. Hence modifications and reforms have been called
for in the classification first proposed. The Eocene, Miocene,
and Pliocene periods have been made to comprehend certain
sets of strata of which the fossils do not always conform
strictly in the proportion of recent to extinct species with the
definitions first given by me, or which are implied in the
etymology of those terms. These innovations have been
treated of in my ¢ Elements or Manual of Elementary
Geology,” and in the Supplement to the fifth edition of the
same, published in 1859, where some modifications of my
classification, asg first proposed, are introduced ; but I need
not dwell on these on the present occasion, as the only
formations with which we shall be concerned in the pre-
sent volume are those of the most modern date, or the
Post-tertiary. It will be convenient to divide these into two
groups, the Recent and the Post-pliocene. In the Recent we
may comprehend those deposits in which not only all the
shells but all the fossil mammalia are of living species; in the
Post-pliocene those strata in which, the shells being recent,
a portion, and often a considerable one, of tne accompanying
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fossil quadrupeds belongs to extinct species. I am aware that
it may be objected, with some justice, to this nomenclature,
that the term Post-pliocene ought in strictness to include all
geological monuments posterior in date to the Pliocene;
‘but when I have occasion to speak of these in the aggregate,
I shall call them Post-tertiary, and reserve the term Post-
pliocene exclusively for Lower Post-pliocene, the Upper Post-
pliocene formations being called ¢ Recent.’

Cases will occur where it may be scarcely possible to draw
the line of demarcation between the Newer Pliocene and Post-
pliocene, or between the latter and the recent deposits ; and
we must expect these difficulties to increase rather than
diminish with every advance in our knowledge, and in propor-
tion as gaps are filled up in the series of geological records.

In 1839 I proposed the term Pleistocene as an abbreviation
for Newer Pliocene, and it soon became popular, because
adopted by the late Edward Forbes in his admirable essay
on ‘The Geological Relations of the existing Fauna and
Flora of the British Isles;’* but he applied the term almost
precisely in the sense in which I shall use Post-pliocene in this
volume, and not as short for Newer Pliocene. In order to
prevent confusion, I think it best entirely to abstain from
the use of Pleistocene in future; I have found that the
introduction of such a fourth name (unless restricted solely to
the older Post-tertiary formations) must render the use of
Pliocene, in its original extended sense, impossible, and it is
often almost indispensable to have a single term to compre-
hend both divisions of the Pliocene period.

The annexed tabular view of the whole series of fossiliferous
strata will enable the reader to see at a glance the chrono-
logical relation of the Recent and Post-pliocene to the ante-
cedent periods.

* Geological Relations of the Survey of Great Britain, vol. i p. 336.

existing Fauna and Flora of the London, 1846.)
British Isles. (Memoirs of Geological
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ABRIDGED GENERAL TABLE OF FOSSILIFEROUS STRATA.

1. RECENT.
2. POST-PLIOCENE,

3. NEWER PLIOCENE. }

4. OLDER PLIOCENE.
6. UPPER MIQCENE.,
6. LOWER MIOCENE.

7. UPPER EOCENE. \

8. MIDDLE EOCENE.

9. LOWER EOCENE. J

10. MAESTRICHT BEDS. 1

1. UPPER WHITE CHALK.
12. LOWER WHITE CHALK
13. UPPER GREENSAND.
14. GAULT.

15, LOWER GREENSAND.
16. WEALDEN,

17. PURBECK BEDS. 1

18, PORTLAND STONE.

19, KIMMERIDGE CLAY.
20. CORAL RAG.

21. OXFORD CLAY.

22. GREAT or BATH OOLITE.
23. INFERIOR OOLITE.

24. LIAS

25. UPPER TRIAS.

26. MIDDLE TRIAS, or
MUSCHELKALK,

27. LOWER TRIAS.

28. PERMIAN,
MAGNESIX;T LIMESTONE,

29. COAL-MEASURES.

30. CARBONIFEROUS
LIMESTONE.

3l. UPPRR
32. LOWER
33. UPPER
34. LOWER

35. UPPER
}CAMBTHAN.

}DEVONIAN.

} SILURIAN,

36. LOWER

} POST-TERTIARY.

PLIOCENE.

} MIOCENE.

- ROCENE.

» CRETACEOUS,

r TJURASSIC.

TRIASSIC.

} emrmazam.
} CARBONIFEROUS.

DEVONIAN,
SILURIAN.

CAMBRIAN.

SECONDARY

PRIMARY

or
PALEOZOIC.

-

TERTIARY
or
CAINOZOIC.

or

MESOZOIC.

NEOZOIC.

PALEOZOIC.
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CHAPTER IL

RECENT PERIOD—DANISH PEAT AND SHELL MOUNDS-—SWISS
LAKE DWELLINGS.

WORKS OF ART IN DANISH PEAT-MOSSES — REMAINS OF THREE PERIODS
OF VEGETATION IN THE PEAT —AGES OF STONE, BRONZE, AND IRON—
SHELL-MOUNDS OR ANCIENT REFUSE-HEAPS OF THR DANISH ISLANDS—
CHANGE IN GEOGRAPHICAL DISTRIBUTION OF MARINE MOLLUSCA SINCE
THEIR ORIGIN — EMBRDDED REMAINS OF MAMMATLIA OF RECENT SPECIES
— HUMAN SEULLS OF THRE SAME PERIOD — SWISS LAKE-DWELLINGS
BUILT ON PILES —BSTONR AND BRONZE IMPLEMENTS FOUND IN THEM —
FOSSIL CEREALS AND OTHER PLANTS — REMAINS OF MAMMALIA, WILD
AND DOMBESTICATED — NO EXTINCT SPECIES — OHRONOLOGICAL COM-~
PUTATIONS OF THE DATE OF THE BRONZR AND STONE FERIODS IN
SWITZRRLAND — LAKE-DWELLINGS, OR ARTIFICIAL ISLANDS CALLED
¢ CRANNOGES,” IN IRELAND.

Works of Art in Damish Peat.

L7HEN treating in the ¢ Principles of Geology’ of the
| changes of the earth which have taken place in compa-
ratively modern times, I have spoken (chap. xIv.) of the em-
bedding of organic bodies and human remains in peat, and
explained under what conditions the growth of that vegetable
gubstance is going on in northern and humid climates. Of
late years, since I first alluded to the subject, more extensive
investigations have been made into the history of the Danish
peat-mosses. Of the results of these enquiries I shall give a
brief abstract in the present chapter, that we may afterwards
compare them with deposits of older date, which throw
light on the antiquity of the human race.
The deposits of peat in Denmark,* varying in depth from
#* An excellent account of these re- and will be found in the Bulletin de
gearches of Danish naturalists and  laSociété Vaudoise des Sei. Nat., . vi.

antiguaries has been drawn up by an  Lausanne, 1860.
able Swiss geologist, M. A. Morlot,
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ten to thirty feet, have been formed in hollows or depres-
sions in the northern drift or boulder formation hereafter to
be described. The lowest stratum, two to three feet thick,
consists of swamp-peat composed chiefly of moss or sphagnum,
above which lies another growth of peat, not made up
exclusively of aquatic or swamp plants. Around the borders
of the bogs, and at various depths in them, lie trunks of trees,
especially of the Scotch fir (Pinus sylvestris), often three
feet in diameter, which must have grown on the margin of
the peat-mosses, and have frequently fallen into them.
This tree is not now, nor has ever been in historical times, a
native of the Danish Islands, and when introduced there has
not thriven; yet it was evidently indigenous in the human
period, for Steenstrup has taken out with his own hands a
flint instrument from below a buried trunk of one of these
pines. It appears clear that the same Scotch fir was after-
wards supplanted by the sessile variety of the common oak,
of which many prostrate trunks occur in the peat at higher
levels than the pines; and still higher the pedunculated
variety of the same oak (Quercus Robur L.) occurs with the
alder, birch (Betula verrucose Ehrh.), and hazel. The oak
has now in its turn been almost superseded in Denmark by the
common beech. Other trees, such as the white birch (Betula
alba), characterise the lower part of the bogs, and disappear
from the higher; while others again, like the aspen (Populus
tremula), occur at all levels, and still flourish in Denmark.
All the land and fresh-water shells, and all the mammalia as
well as the plants, whose remains occur buried in the
Danish peat, are of recent species.

It has been stated, that a stone implement was found
under a buried Scotch fir at a great depth in the peat. By
collecting and studying a vast variety of such implements,
and other articles of human workmanship preserved in peat
and in sand-dunes on the coast, as also in certain shell-
mounds of the aborigines presently to be described, the
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Danish and Swedish antiquaries and naturalists, MM. Nilsson,
Steenstrup, Forchhammer, Thomsen, Worséiae and others,
have succeeded in establishing a chronological succession of
periods, which they have called the ages of stone, of bronze,
and of iron, named from the materials which have each in
their turn served for the fabrication of implements.

The age of stone in Denmark coincided with the period
of the first vegetation, or that of the Scotch fir, and in part
at least with the second vegetation, or that of the oak. But
a considerable portion of the oak epoch coincided with ¢the
age of bronze, for swords and shields of that metal, now
in the Museum of Copenhagen, have been taken out of peat
in which oaks abound. The age of iron corresponded more
nearly with that of the beech tree.* '

M. Morlot, to whom we are indebted for a masterly sketch
of the recent progress of this new line of research, followed
up with so much success in Scandinavia and Switzerland,
observes that the introduction of the first tools made of bronze
among a people previously ignorant of the use of metals, im-
plies a great advance in the arts, for bronze is an alloy of
about nine parts of copper and one of tin ; and although the
former metal, copper, is by no means rare, and is occasionally
found pure or in a native state, tin is not only scarce but
never occurs native. To detect the existence of this metal in
its ore, then to disengage it from the matrix, and finally,
after blending it in due proportion with copper, to cast the
fused mixture in a mould, allowing time for it to acquire
hardness by slow cooling, all this bespeaks no small sagacity
and skilful manipulation. Accordingly, the pottery found
associated with weapons of bronze is of a more ornamental
and tasteful style than any which belongs to the age of
stone. Some of the moulds in which the bronze instruments
were cast, and tags,’ as they are called, of bronze, which are

* Morlot, Bulletin de la Société Vaudoise des Sci, Nat,, t. vi. p. 292.
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formed in the hole through which the fused metal was poured,
have been found. The number and variety of objects belong-
ing to the age of bronze indicates its long duration, as does
the progress in the arts implied by the rudeness of the earlier
tools, often mere repetitions of those of the stone age, as
contrasted with the more skilfully worked weapons of a later
stage of the same period.

It has been suggested that an age of copper must always
have intervened between that of stone and bronze ; but if so,
the interval seems to have been short in Europe, owing
apparently to the territory occupied by the aboriginal in-
habitants having been invaded and conquered by a people
coming from the East, to whom the use of swords, spears, and
other weapons of bronze was familiar. Hatchets, however, of
copper have been found in the Danish peat.

The next stage of improvement, or that manifested by the
substitution of iron for bronze, indicates another stride in the
progress of the arts. . Iron never presents itself, except in
meteorites, in a native state, so that to recognise its ores, and
then to separate the metal from its matrix, demands no in-
considerable exercise’ of the powers of observation and in-
vention. To fuse the ore requires an intense heat, not to be
obtained without artificial appliances, such as pipes inflated
by the human breath, or bellows, or some other suitable
machinery. '

Damnish Shell-mounds, or Kjokkenmodding.*

In addition to the peat-mosses, another class of memorials
found in Denmark has thrown light on the pre-historical age.
At certain points along the shores of nearly all the Danish

* Mr. John Lubbock published, p. 489, in which he has described the
after these sheets were written, an  results of a recent visit to Denmark,
able paper on the Danish ‘shell- made by him in company with Mr.
mounds’ in the October Number of Busk,
the Natural History Review, 1861,
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islands, mounds may be seen, consisting chiefly of thousands
of cast-away shells of the oyster, cockle, and other mollusks
of the same species as those which are now eaten by Man.
These shells are plentifully mixed up with the bones of
various quadrupeds, birds and fish, which served as the food
of the rude hunters and fishers by whom the mounds were
accumulated. I have seen similar large heaps of oysters,
and other marine shells, with interspersed stone implements,
near the sea-shore, both in Massachusetts and in Georgia,
U. 8., left by the native North American Indians at points
near to which they were in the habit of pitching their wig-
wams for centuries before the white man arrived.

Such accumulations are called by the Danes, Kjokken-
modding, or kitchen-refuse-heaps.” Scattered all through
them are flint knives, hatchets, and other instruments of
stone, horn, wood, and bone, with fragments of coarse pottery,
mixed with charcoal and cinders, but never any implements
of bronze, still less of iron. The stone hatchets and knives
had been sharpened by rubbing, and in this respect are one
degree less rude than those of an older date, associated in
France with the bones of extinet mammalia, of which more
in the sequel. The mounds vary in height from 3 to 10 feet,
and in area are some of them 1000 feet long, and from 150
to 200 wide. They are rarely placed more than 10 feet
above the level of the sea, and are confined to its immediate
neighbourhood, or if not (and there are cases where they are
several miles from the shore), the distance is ascribable to the
entrance of a small stream, which has deposited sediment, or
to the growth of a peaty swamp, by which the land has been
made to advance on the Baltic, as it ig still doing in many
places, aided, according to M. Puggaard, by a very slow up-
heaval of the whole country at the rate of two or three inches
in a century.

There is also another geographical fact equally in favour
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of the antiquity of the mounds, viz., that they are wanting
on those parts of the coast which border the Western Ocean,
or exactly where the waves are now slowly eating away the
land. There is every reason to presume that originally there
were stations along the coast of the German Ocean as well
as that of the Baltic, but by the gradual undermining of
the cliffs they have all been swept away.

Another striking proof, perhaps the most conclusive of
all, that the ‘refuse-heaps’ are very old, is derived from
the character of their embedded shells. These consist en-
tirely of living species; but, in the first place, the common
eatable oyster is among them, attaining its full size, whereas
the same Ostrea edulis cannot live at present in the brackish
waters of the Baltic except near its entrance, where, when-
ever a north-westerly gale prevails, a current setting in from
the ocean pours in a great body of salt water. Yet it seems
that during the whole time of the accumulation of the
‘shell-mounds’ the oyster flourished in places from which
it is now excluded. In like manner the eatable cockle,
mussel, and periwinkle (Cardium edule, Mytilus edulis,
and Littorina littorea), which are met with in great
numbers in the ¢refuse-heaps,” are of the ordinary dimen-
sions which they acquire in the ocean, whereas the same
species now living in the adjoining parts of the Baltic
only attain a third of their natural size, being stunted and
dwarfed in their growth by the quantity of fresh water
poured by rivers into that inland sea.* Hence we may con-
fidently infer that in the days of the aboriginal hunters and
fishers, the ocean had freer access than now to the Baltic,
communicating probably through the peninsula of Jutland,
Jutland having been at no remote period an archipelago.
Even in the course of the present century, the salt waters

* Sece Principles of Geology, ch. xxx.
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have made oneirruption into the Baltic by the Lymfiord,
although they have been now again excluded. It is also
affirmed that other channels were open in historical times
which are now silted up.*

~ If we next turn to the remains of vertebrata preserved in
the mounds, we find that here also, as in the Danish peat-
mosses, all the quadrupeds belong to species known to have
inhabited Europe within the memory of Man. No remains
of the mammoth, or rhinoceros, or of any extinct species
appear, except those of the wild bull (Bos Urus Linn., or Bos
primigenius Bojanus), which are in such numbers as to
prove that the species was a favourite food of the ancient
people. But as this animal was seen by Julius Ceesar, and
survived long after his time, its presence alone would not
go far to prove the mounds to be of high antiquity. The
Lithuanian aurochs or bison (Bos Bison L., Bos priscus Boj.,
which has escaped extirpation only because protected by the
Russian Czars, surviving in one forest in Lithuania) has not
yet been met with, but will no doubt be detected hereafter,
as it has been already found in the Danish peat. The
beaver, long since destroyed in Denmark, occurs frequently,
as does the seal (Phoca Gryppus Fab.), now very rare on
the Danish coast. With these are mingled bones of the red
deer and roe, but the rein-deer has not yet been found.
There are also the bones of many carnivora, such as the
lynx, fox, and wolf, but no signs of any domesticated animals
except the dog. The long bones of the larger mammalia
have been all broken as if by some instrument, in such a
manner as to allow of the extraction of the marrow, and the
gristly parts have been gnawed off, as if by dogs, to whose
agency is also attributed the almost entire absence of the
bones of young birds and of the smaller bones and softer

* See Morlot, Bulletin de la Société Vaudoise des Sci. Nat. t, vi.
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parts of the skeletons of birds in general, even of those of
large size. In reference to the latter, it has been proved ex-
perimentally by Professor Steenstrup, that if the same species
of birds are now given to dogs, they will devour those parts
of the skeleton .which are missing, and leave just those which
are preserved in the old ‘refuse-heaps.’

The dogs of the mounds, the only domesticated animals,
are of a smaller race than those of the bronze period, as
shown by the peat-mosses, and the dogs of the bronze age
are inferior in size and strength to those of the iron age.
The domestic ox, horse, and sheep, which are wanting in the
mounds, are confined to that part of the Danish peat which
was formed in the ages of bronze and iron.

Among the bones of birds, scarcely any are more frequent
in the mounds than those of the auk (Aica impennis),
now extinct in Europe, having but lately died out in Ice-
land, but said still to survive in Greenland, where, however,
its numbers are fast diminishing. The Capercailzie (Zetrao
Urogallus) is also met with, and may, it is suggested,
have fed on the buds of the Scotch fir in times when that
tree flourished around the peat-bogs. The different stages of
growth of the roe-deer’s horns, and the presence of the wild
swan, now only a winter visitor, have been appealed to as
proving that the aborigines resided in the same settlements
all the year round. That they also ventured out to sea in
canoes such as are now found in the peat-mosses, hollowed
out of the trunk of a single tree, to catch fish far from land,
is testified by the bony relics of several deep-sea species, such
as the herring, cod, and flounder. The ancient people were
not cannibals, for no human bones are mingled with the spoils
of the chase. Skulls, however, have been obtained not only
from peat, but from tumuli of the stone period believed to be
contemporaneous with the mounds. These skulls are small
and rouud, and have a prominent ridge over the orbits of
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the eyes, showing that the ancient race was of small stature,
with round heads and overhanging eyebrows,—in short, they
bore a considerable resemblance to the modern Laplanders.
The human skulls of the bronze age found in the Danish peat,
and those of the iron period, are of an elongated form and
larger size. There appear to be very few well-authenti-
cated examples of crania referable to the bronze period,—a
circumstance no doubt attributable to the custom prevalent
among the people of that.era of burning their dead and
collecting their bones in funeral urns.

No traces of grain of any sort have hitherto been discovered,
nor any other indication that the ancient people had any
knowledge of agriculture. The only vegetable remains in the
mounds are burnt pieces of wood and some charred substance
referred by Dr. Forchhammer to the Zostera marina, a sea
plant which was perhaps used in the production of salt.

What may be the antiquity of the earliest human remains
preserved in the Danish peat cannot be estimated in centuries
with any approach to accuracy. In the first place, in going
back to the bronze age, we already find ourselves beyond the
reach of history or even of tradition. In the time of the
Romans the Danish Isles were covered, as now, with magnifi-
cent beech forests. Nowhere in the world does this tree flou-
rish more luxuriantly than in Denmark, and eighteen centuries
seem to have done little or nothing towards modifying the cha-
racter of the forest vegetation. Yet in the antecedent bronze
period there were no beech trees, or at most but a few stragglers,
the country being then covered with oak. Intheage of stone
again, the Scotch fir prevailed (see p. 9), and already there
were human inhabitants in those old pine forests. How many
generations of each species of tree flourished in succession
before the pine was supplanted by the oak, and the oak by
the beech, can be but vaguely conjectured, but the minimum
of time required for the formation of so much peat must, ac-
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cording to the estimate of Steenstrup and other good authori-
ties, have amounted to at least 4000 years; and there is nothing
in the observed rate of the growth of peat opposed to the
conclusion that the number of centuries may not have been four
times as great, even though the signs of Man’s existence have
not yet been traced down to the lowest or amorphous stratum.
As to the €shell-mounds,” they correspond in date to the
older portion of the peaty record, or to the earliest part of the
age of stone as known in Denmark.

#  Ancient Swiss Lake-dwellings, built on Piles.

In the shallow parts of many Swiss lakes, where there is
a depth of no more than from five to fifteen feet of water,
ancient wooden piles are observed at the bottom sometimes
worn down to the surface of the mud, sometimes projecting
slightly above it. These have evidently once supported
'villages, nearly all of them of unknown date, hut the most
ancient of which certainly belonged to the age of stone, for
hundreds of implements resembling those of the Danish
shell-mounds and peat-mosses have been dredged up from
the mud into which the piles were driven.

The earliest historical account of such habitations is that
given by Herodotus of a Thracian tribe, who dwelt, in the
year 520 B.c., in Prasias, a small mountain-lake of Pzonia,
now part of Modern Roumelia.*

Their habitations were constructed on platforms raised
above the lake, and resting on piles. They were connected
with the shore by a narrow causeway of similar formation.
Such platforms must have been of considerable extent, for
the Pewonians lived there with their families and horses.
Their food consisted largely of the fish which the lake
produced in abundance.

* Herodotus, lib. v. cap, 16,—Rediscovered by M. Deville, Nat, Hist. Rev.,
Oct. 1862, vol. ii. p. 486.

o
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In rude and unsettled times, such insular sites afforded
safe retreats, all communication with the main land being cut
off, except by boats, or by such wooden bridges as could be
eagily removed. |
 .The Swiss lake-dwellings seem first to have attracted
attention during the dry winter of 1853-4, when the lakes
and rivers sank lower than had ever been previously known,
and when the inhabitants of Meilen, on the Lake of Zurich,
resolved to raise the level of some ground and turn it into
land, by throwing mud upon it obtained by dredging in the
adjoining shallow water. During these dredging operations
they discovered a number of wooden piles deeply driven into
the bed of the lake, and among them a great many hammers,
axes, celts, and other instruments. All these belonged to the
stone period with two exceptions, namely, an armlet of thin
brass wire, and a small bronze hatchet.

Fragments of rude pottery fashioned by the hand were
abundant, also masses of charred wood, supposed to have
formed parts of the platform on which the wooden cabins
were built. Of this burnt timber, on this and other sites,
subsequently explored, there was such an abundance as to
lead to the conclusion that many of the settlements must
hawe perished by fire. Herodotus has recorded that the
P=zonians, above alluded to, preserved their independence
during the Persian invasion, and defied the attacks of Darius
by aid of the peculiar position of their dwellings. ¢ But their
safety,” observes Mr. Wylie*, ‘was probably owing to their
living in the middle of the lake, & péoy 7§ Aluvy, whereas the
ancient Swiss settlers were compelled by the rapidly increas-
ing depth of the water near the margins of their lakes to
construct their habitations at a short distance from the shore,
within easy bowshot of the land, and therefore not out of

* W. M. Wylie, M.A., Archaologia, vol. XXXviii,, 1859, a valuable paper on the

Swiss and Irish lake-habitations,
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reach of fiery projectiles, against which thatched roofs and
wooden walls could present but a poor defence.” To these
circumstances and to accidental fires we are probably indebted
for the frequent preservation, in the mud around the site of
the old settlements, of the most precious tools and works of
art, such as would never have been thrown into the Danish
¢ shell-mounds,” which have been aptly compared to a modern
dusthole.

Dr. Ferdinand Keller of Zurich has drawn up a series of
most instructive memoirs, illustrated with well-executed
plates, of the treasures in stone, bronze, and bone brought to
light in these subaqueous repositories, and has given an ideal
restoration of part of one of the old villages (see plate 1)¥,
such as he conceives may have existed on the Lakes of Zurich
and Bienne. In this view, however, he has not simply trusted
to his imagination, but has availed himself of a sketch pub-
lished by M. Dumont d’Urville, of similar habitations of the
Papoos in New Guinea in the Bay of Dorei. It is also stated
by Dr. Keller, that on the River Limmat, near Zurich, so late
as the last century, there were several fishing-huts eonstructed
on this same plan.t It will be remarked, that one of the
cabins is represented as circular. That such was the form of
many in Switzerland is inferred from the shape of pieces of
clay which lined the interior, and which owe their preserva-~
tion apparently to their having been hardened by fire when
the village was burnt. In the sketch, some fishing-nets are
seen spread out to dry on the wooden platform. The Swiss
archmologist has found abundant evidence of fishing-gear,
consisting of pieces of cord, hooks, and stones used as weights.
A canoe also is introduced, such as are occasionally met with.
One of these, made of the trunk of a single tree, fifty feet long

* Keller, Pfahlbauten, Antiqua- 1862, Mr. Lubbock has published an
rische Gesellschaft in Ziirich, Bd. xii.  excellent account of the works of the

xiii, 1858—~1861. In the fifth numberof  Swiss writers on their lake-habitations.
the Natura] History Review, January 9, T Keller, ibid. Bd, ix. p. 81, note.
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and three and a half feet wide, was found capsized at the
bottom 'of the Lake of Bienne. It appears to have been
laden with stones, such as were used to raise the foundation
of some of the artificial islands.

" It is believed that as many as 300 wooden huts were
sometimes comprised in one settlement, and that they may
have contained about 1000 inhabitants. At Wangen, M.
Lohle has calculated that 40,000 piles were used, probably
not all planted at one time nor by one generation. Among
the works of great merit devoted specially to a description of
the Swiss lake-habitations is that of M. Troyon, published in
1860.* The number of sites which he and other authors
have already enumerated in Switzerland is truly wonderful.
They occur on the large lakes of Constance, Zurich, Geneva
and Neufchatel, and on most of the smaller ones. Some are
exclusively of the stone age, others of the bronze period. Of
these last more than twenty are spoken of on the Lake of
Geneva alone, more than forty on that of Neufchatel, and
twenty on the small Lake of Bienne.

One of the sites first studied by the Swiss antiquaries was
the small lake of Moosseedorf, near Berne, where imple-
ments of stone, horn, and bone, but none of metal, were
obtained. Although the flint here employed must have come
from a distance (probably from the South of France), the
chippings of the material are in such profusion as to imply
that there was a manufactory of implements on the spot.
Here also, as in several other settlements, hatchets and
wedges of jade have been observed of a kind said not to
occur in Switzerland or the adjoining parts of Europe, and
which some mineralogists would fain derive from the
East ; amber also, which, it is supposed, was imported from
the shores of the Baltic.

. At Wangen near Stein, on the La.ke of Constance, another

% Sur les Habitations lacustres,
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of the most ancient of the lake-dwellings, hatchets of serpen-
tine and greenstone, and arrow-heads of quartz, have been
met with. Here also remains of a kind of cloth, supposed to
be of flax, not woven but plaited, have been detected. Pro-
fessor Heer has recognised lumps of carbonized wheat, T9iti-
cum vulgare, and grains of another kind, 7. dicoccum, and
barley, Hordeum distichon, and flat round cakes of bread;
and at Robbenhausen and elsewhere Hordewm hexastichon
in fine ears, the same kind of barley which is found associated
with Egyptian mummies, showing clearly that in the stone
period the lake-dwellers cultivated all these cereals, besides
having domesticated the dog, the ox, the sheep, and the goat.

Carbonized apples and pears of small size, such as still
grow in the Swiss forests, stones of the wild plum, seeds of
the raspberry and blackberry, and beech-nuts, also occur in
the mud, and hazel-nuts in great plenty.

Near Morges, on the Lake of Geneva, a settlement of the
bronze period, no less than forty hatchets of that metal have
been dredged up, and in many other localities the number
and variety of weapons and utensils discovered, in a fine state
of preservation, is truly astonishing.

It is remarkable that as yet all the settlements of the
bronze period are confined to Western and Central Switzer-
land. In the more eastern lakes those of the stone period
alone have as yet been discovered.

The tools, ornaments, and pottery of the bronze period in
Switzerland bear a close resemblance to those of correspond-
ing age in Denmark, attesting the wide spread of a uniform
civilization over Central Europe at that era. In some few of
the Swiss aquatic stations a mixture of bronze and iron imple-
ments has been observed, but no coins. At Tiefenau, near
Berne, in ground supposed to have been a battle-field, coins
and medals of bronze and silver, struck at Marseilles, and of
Greek manufacture, and iron swords, have been found, all
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belonging to the first and pre-Roman division of the age of
iron.

In the settlements of the bronze era the wooden piles are
not so much decayed as are those of the stone period; the
latter having wasted down quite to the level of the mud,
whereas the piles of the bronze age (as in the Lake of Bienne,
for example) still project above it.

Professor Ritimeyer of Basle, well known to paleontologists
as the author of several important memoirs on fossil verte- -
brata, has recently published a scientific description of
great interest of the animal remains dredged up at various
stations where they had been embedded for ages in the mud
into which the piles were driven.®

These bones bear the same relation to the primitive
inhabitants of Switzerland and some of their immediate
successors as do the contents of the Danish ‘refuse-heaps’ to
the ancient fishing and hunting tribes who lived on the
shores of the Baltic.

The list of wild mammalia enumerated in this excellent
treatise eontains no less than twenty-four species, exclusive of
several domesticated ones: besides which there are eighteen
spécies of birds, the wild swan, goose, and two species of ducks
being among them ; also three reptiles, including the eatable
frog and fresh-water tortoise ; and lastly, nine species of fresh-
water fish. All these (amounting to fifty-four species) are

with one exception still living in Europe. The exception
is the wild bull (Bos primigenius), which, as before stated,
survived in historical times. The following are the mammalia
alluded to : — The bear (Ursus Arctos), the badger, the com-
mon marten, the polecat, the ermine, the weasel, the otter,
wolf, fox, wild cat, hedgehog, squirrel, field-mouse (Mus syl-
vaticus), hare, beaver, hog (comprising two races, namely, the

# Die Fauna der Pfahlbauten in der Schweiz. Basel, 1861.
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wild boar and swamp-hog), the stag (Cervus Elaphus), the
roe-deer, the fallow-deer, the elk, the steinbock (Capra Ibex),
the chamois, the Lithuanian bison, and the wild bull. The
domesticated species comprise the dog, horse, ass, pig, goat,
sheep, and several bovine races.

The greater number, if not all, of these animals served for
food, and all the bones which contained marrow have been split
open in the same way as the corresponding ones found in the
shell-mounds of Denmark before mentioned. The bones both
of the wild bull and the bison are invariably split in this
manner. As a rule, the lower jaws with teeth occur in greater
abundance than any other parts of the skeleton,—a circum-
stance which, geologists know, holds good in regard to fossil
mammalia of all periods. As yet the reindeer is missing
in the Swiss lake-settlements as in the Danish ¢ refuse-heaps,’
although this animal in more ancient times ranged over
France, together with the mammoth, as far south as the Py-
Tenees.

A careful comparison of the bones from different sites has
shown that in settlements such as Wangen and Moosseedorf,
belonging to the earliest age of stone, when the habits of the
hunter state predominated over those of the pastoral, venison,
or the flesh of the stag and roe, was more eaten than the flesh
of the domestic cattle and sheep. This was afterwards re-
versed in the later stone period and in the age of bronze. At
that later period also the tame pig, which is wanting in some
of the oldest stations, had replaced the wild boar as a common
article of food. In the beginning of the age of stone, in Swit-
zerland, the goats outnumbered the sheep, but towards the
close of the same period the sheep were more abundant than
the goats.

The fox in the first era was very common, but it nearly
disappears in the bronze age, during which period a large
hunting-dog, supposed to have been imported into Switzerland
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from some foreign country, becomes the chief representative
of the canine genus.

A single fragment of the bone of a bare (Lepus timidus)
has been found at Moosseedorf. The almost universal absence
of this quadruped is supposed to imply that the Swiss lakKe-
dwellers were prevented from eating that animal by the same
superstition which now prevails among the Laplanders, and
which Julius Cewsar found in full force amongst the ancient
Britons.*

That the I&ke-dwellers should have fed so largely on the
fox, while they abstained from touching the hare, establishes,
says Riitimeyer, a singular contrast between their tastes and
ours. -

Even in the earliest settlements, as already hinted, several
domesticated animals occur, namely, the ox, sheep, goat, and
dog. Of the three last, each was represented by one race
only ; but there were two races of cattle, the most common
being of small size, and called by Riitimeyer Bos brachyceros
(Bos longifrons Owen), or the marsh cow, the other derived
from the wild bull; though, as no skull bas yet been disco-
vered, this identification is not so certain as could be wished.
It is, however, beyond question that at a later era, namely, to-
wards the close of the stone and beginning of the bronze period,
the lake-dwellers had succeeded in taming that formidable
brute the Bos primigenius, the Urus of Casar, which he de-
scribed as very fierce, swift, and strong, and scarcely inferior
to the elephant in size. In a tame state its bones were some-
what less massive and heavy, and its horns were somewhat
smaller than in wild individuals. Still in its domesticated
form, it rivalled in dimensions the largest living cattle, those
of Friesland, in North Holland, for example. When most
abundant, as at Concise on the Lake of Neufchatel, it had

% Commentaries, lib. v. ch, 12.
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nearly superseded the smaller race, Bos brachyceros, and
was accompanied there for a short time by a third bovine
variety, called Bos trochoceros, an Italian race, supposed to
have been imported from the southern side of the Alps.*
This last-mentioned race, however, seems only to have lasted
for a short time in Switzerland.

The wild bull (Bos primigenius) is supposed to have
flourished for a while both in a wild and tame state, just
as now in Europe the domestic pig co-exists with the wild
boar ; and Riitimeyer agrees with Cuvier and Bell,f in con-
sidering our larger domestic cattle of northern Europe as
the descendants of this wild bull, an opinion which Owen
disputes.

In the later division of the stone period, there were two
tame races of the pig, according to Riitimeyer; one large,
and derived from the wild boar, the other smaller, called the
¢ marsh-hog,” or Sus Serofa palustris. It may be asked how
the osteologist can distinguish the tame from wild races of the
same species by their skeletons alone.” Among other cha-
racters, the diminished thickness of the bones and the com-
parative smallness of the ridges, which afford attachment to
the muscles, are relied on; also the smaller dimensions of the
tusks in the boar, and of the whole jaw and skull ; and, in like
manner, the diminished size of the horns of the bull and other
modifications, which are the effects of a regular supply of food,
and the absence of all necessity of exerting their activity and
strength to obtain subsistence and defend themselves against
their enemies.

A middle-sized race of dogs continued unaltered through-
out the whole of the stone period; but the people of the
bronze age possessed a larger hunting-dog, and with it a small
horse, of which genus very few traces have been detected

* Cwsar’'s Commentaries, 1ib. v. ch. + British Quadrupeds, p. 415.
12, p. 161. } British Fossil Mammal. p. 500.
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in the earlier settlements,—a single tooth, for example, at
Wangen, and only one or two bones at two or three other places.

In passing from the oldest to the most modern sites, the
extirpation of the elk and beaver, and the gradual reduction
in numbers of the bear, stag, roe, and fresh-water tortoise are
distinctly perceptible. The aurochs, or Lithuanian bison, ap-
peaxs to have died out in Switzerland about the time when
weapons of bronze came into use. It is'only in a few of the
most modern lake-dwellings, such as Noville and Chavannes
in the Canton de Vaud (which the antiquaries refer to
the sixth century), that some traces are observable of the
domestic cat, as well as of a sheep with crooked horns, and
with them bones of the domestic fowl.

After the sixth century, no extinction of any wild quad-
ruped nor introduction of any tame one appears to have taken
place, but the fauna was still modified by the wild species con-~
tinuing to diminish in number and the tame ones to become
more diversified by breeding and crossing, especially in the
case of the dog, horse, and sheep. On the whole, however,
the divergence of the domestic races from their aboriginal
wild types, as exemplified at Wangen and Moosseedorf, is con-
fined, according to Professor Riitimeyer, within narrow limits.
As to the goat, it has remained nearly constant and true to
its pristine form, and the small race of goat-horned sheep
still lingers in some Alpine valleys in the Upper Rhine;
and in the same region a race of pigs, corresponding to the
domesticated variety of Sus Scrofa palustris, may still be seen.

Amidst all this profusion of animal remains extremely few
bones of Man have been discovered; and only one skull,
dredged up from Meilen, on the Lake of Zurich, of the early
stone period, seems as yet to have been carefully examined.
Respecting this specimen, Professor His observes that it ex-
hibits, instead of the small and rounded form proper to the
Danish peat-mosses, a type much more like that now pre-
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vailing in Switzerland, which is intermediate between the
long-headed and short-headed form.*

So far, therefore, as we can draw safe conclusions from a
single specimen, there has been no marked change of race
in the human population of Switzerland during the periods
above considered.

It is still a question whether any of these subaqueous
repositories of ancient relics in Switzerland go back so far
in time as the shell-mounds of Denmark, for in these last
there are no domesticated animals except the dog, and no
signs of the cultivation of wheat or barley; whereas we have
seen that, in one of the oldest of the Swiss settlements, at
Wangen, no less than three cereals make their appearance,
with four kinds of domestic animals. Yet there is no small
risk of error in speculating on the relative claims to an-
tiquity of such ancient tribés, for some of them may have
remained isolated for ages and stationary in their habits,
while others advanced and improved.

We know that nations, both before and after the introduc-
tion of metals, may continue in very different stages of civi-
lisation, even after commercial intercourse has been es-
tablished between them, and where they are separated by a
less distance than that which divides the Alps from the Baltic.

The attempts of the Swiss geologists and archeologists to es-
timate definitely in years the antiquity of the bronze and stone
periods, although as yet confessedly imperfect, deserve notice,
and appear to me to be full of promise. The most elaborate
calculation is that made by M. Morlot, respecting the delta
of the Tiniére, a torrent which flows into the Lake of Geneva
near Villeneuve. This small delta, to which the stream is
annually making additions, is composed of gravel and sand.
Its shape is that of a flattened cone, and its internal structure
has of late been laid open to view in a railway cutting one

* Riitimeyer, Die Fauna der Pfahlbauten in der Schweiz, p. 181.
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thousand feet long and thirty-two feet deep. The regularity
of its structure throughout implies that it has been formed
very gradually, and by the uniform action of the same causes.
Three layers of vegetable soil, each of which must at one time
have formed the surface of the cone, have been cut through
at different depths. The first of these was traced over a sur-
face of 15,000 square feet, having an average thickness of
five inches, and being about four feet below the present surface
of the cone. This upper layer belonged to the Roman period,
and contained Roman tiles and a coin. The second layer,
followed over a surface of 25,000 square feet, was six inches
thick, and lay at a depth of ten feet. In it were found
fragments of unvarnished pottery and a pair of tweezers in
bronze, indicating the bronze epoch. The third layer, fol-
lowed for 35,000 square feet, was six or seven inches thick,
and nineteen feet deep. In it were fragments of rude pottery,
pieces of charcoal, broken bones, and a human skeleton having
a small, round, and very thick skull. M. Morlot, assuming
the Roman period to represent an antiquity of from sixteen
to eighteen centuries, assigns to the bronze age a date of
between 3000 and 4000 years, and to the oldest layer, that of
the stone period, an age of from 5000 to 7000 years.

Another calculation has been made by M. Troyon to obtain
the approximate date of the remains of an ancient settle-
ment built on piles and preserved in a peat-bog at Chamblon,
near Yverdun, on the Lake of Neufchatel. The site of the
ancient Roman town of Eburodunum (Yverdon), once on the
borders of the lake, and between which and the shore there
now intervenes a zone of newly-gained dry land, 2500 feet in
breadth, shows the rate at which the bed of the lake has been
filled up with river sediment in fifteen centuries. Assuming
the lake to have retreated at the same rate before the Roman
period, the pile-works of Chamblon, which are of the bronze
period, must be at the least 3300 years old.
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For the third calculation, communicated to me by M.
Morlot, we are indebted to M. Victor Gilliéron, of Neuve-
ville, on the Lake of Bienne. It relates to the age of a pile-
dwelling, the mammalian bones of which are considered by
M. Riitimeyer to indicate the earliest portion of the stone
period of Switzerland, and to correspond in age with the
settlement of Moosseedorf.

The piles in question occur at the Pont de Thiéle, be-
tween the Lakes of Bienne and Neufchatel. The old con-
vent of St. Jean, founded 750 years ago, and built originally
on the margin of the Lake of Bienne, is now at a con-
siderable distance from the shore, and affords a measure
of the rate of the gain of land in seven centuries and a half.
Assuming that a similar rate of the conversion of water
into marshy land prevailed antecedently, we should re-
quire an addition of sixty centuries for the growth of the
morass intervening between the convent and the aquatic
dwelling of Pont de Thiéle, in all 6750 years. M. Morlot,
after examining the ground, thinks it highly probable that
the shape of the bottom on which the morass rests is
uniform ; but this important point has not yet been tested by
boring. The result, if confirmed, would agree exceedingly
well with the chronological computation before mentioned of
the age of the stone period of Tiniére. As I have not myself
vigited Switzerland since these chronological speculations
were first hazarded, I am unable to enter critically into a
discussion of the objections which have been raised to the
two first of them, or to decide on the merits of the explanations
offered in reply.

Irish Lake-dwellings, or Crannoges.

The lake-dwellings of the British Isles, although not ex-
plored as yet with scientific zeal, as those of Switzerland
have been in the last ten vears, are yet known to be very
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numerous, and when carefully examined will not fail to throw
great light on the history of the bronze and stone periods.

In the Jakes of Ireland alone, no less than forty-six exam-
ples of artificial islands, called crammoges, have been dis-
covered. They occur in Leitrim, Roscommon, Cavan, Down,
Monaghan, Limerick, Meath, King’s County, and Tyrone.*
One class of these ¢stockaded islands,’ as they have been
sometimes called, was formed, according to Mr. Digby Wyatt,
by placing horizontal oak beams at the bottom of the lake,
into which oak posts, from six to eight feet high, were mor-
tised, and held together by cross beams, till a circular en-
closure was obtained.

‘A space of 520 feet diameter, thus inclosed at Lagore, was
divided into sundry timbered compartments, which were found
filled up with mud or earth, from which were taken °vast
quantities of the bones of oxen, swine, deer, goats, sheep,
dogs, foxes, horses and asses.’ All these were discovered be-
neath sixteen feet of bog, and were used for manure; but
specimens of them are said to be preserved in the museum
of the Royal Irish Academy. From the same spot were ob-
tained a great collection of antiquities, which, according to
Lord Talbot de Malahide and Mr. Wylie, were referable to
the ages of stone, bronze, and iron.}

In Ardekillin Lake, in Roscommon, an islet of an oval form
was observed, made of a layer of stones reghing on logs of
timber. Round this artificial islet or c¢rannoge thus formed,
was a stone wall raised on oak piles. A careful description
has been put on record by Captain Mudge, R.N,, of a curious
log-cabin discovered by him in 1833 in Drumkellin bog, in
Donegal, at a depth of fourteen feet from the surface. It was
twelve feet square and nine feet high, being divided into two
gstories each four feet high. The planking was of oak split

* 'W. M. Wylie, Archseologis, vol, xxxviii. p. 8. 1859,
+ Ibid, p. 8, who cites Archeological Journal, vol. vi. p. 101.



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm

crAP. 1. IRISH LAKE-DWELLINGS, OR CRANNOGES. 31

with wedges of stone, one of which was found in the building.
The roof was flat. A staked inclosure had been raised round
the cabin, and remains of other similar huts adjoining were
seen but not explored. A stone celt, found in the interior of
the hut, and a piece of leather sandal, also an arrow-head of
flint, and in the bog close at hand a wooden sword, give
evidence of the remote antiquity of this building, which may
be taken as a type of the early dwellings on the Crannoge
islands.

¢ The whole structure,’ says Captain Mudge, ¢ was wrought
with the rudest kind of implements, and the labour bestowed
on it must have been immense. The wood of the mortises
was more bruised than cut, as if by a blunt stone chisel.” *
Such a chisel lay on the floor of the hut, and by comparing it
with the marks of the tool used in forming the mortises, they
were found ¢to correspond exactly, even to the slight curved
exterior of the chisel; but the logs had been hewn by
a larger instrument, in the shape of an axe. On the floor of
the dwelling lay a slab of freestone, three feet long and four-
teen inches thick, in the centre of which was a small pit three
quarters of an inch deep, which had been chiselled out. This
is presumed to have been used for holding nuts to be cracked
by means of one of the round shingle stones, also found there,
which had served as a hammer. Some entire hazel-nuts and
a great quantity of broken shells were strewed about the
floor.

The foundations of the house were made of fine sand, such
as is found with shingle on the sea-shore about two miles
distant. Below the layer of sand the bog or peat was ascer-
tained, on probing it with an instrument, to be at least fifteen
feet thick. Although the interior of the building when
discovered was full of ¢bog’ or peaty matter, it seems when

* Mudge, Archeeologia, vol. xxvi.



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm
32 IRISH LAKE-DWELLINGS, OR CRANNOGES..  cHAP. 1,

inhabited to, have been surrounded by growing trees, some of
the trunks and roots of which are still preserved in their
natural position. The depth of overlying peat affords no safe
criterion for calculating the age of the cabin or village, for I
have shown in the ‘Principles of Geology’ (ch. xlvi. ), that both
in England and Ireland, within historical times, bogs have
“burst and sent forth great volumes of black mud, which has
been known to creep over the country at a slow pace, flow-
ing somewhat at the rate of ordinary lava-currents, and some-
times overwhelming woods and cottages, and leaving a deposit
upon them of bog-earth fifteen feet thick.

None of these Irish lake-dwellings were built, like those
of Helvetia, on platforms supported by piles deeply driven
into the mud. ¢The Crannoge system of Ireland seems,’
says Mr. Wylie, ‘well nigh without a parallel in Swiss
waters.’ | _
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CHAPTER III

FOSSIL HUMAN REMAINS AND WORKS OF ART OF THE
RECENT PERIOD,

Continued,

DELTA AND ALLUVIAL PLAIN OF THE NILE — BURNT BRICKS IN EGYPT
BEFORE THE ROMAN ERA — BORINGS IN 1851-54 — ANCIENT MOUNDS
OF THE VALLEY OF THE OHIO — THEIR ANTIQUITY = SEPULCHRAL
MOUND AT SANTOS IN BRAZIL — DELTA OF THE MISSISSIPPI — ANCIENT
HUMAN REMAINS IN CORAL REEFS OF FLORIDA — CHANGES IN PHYSICAL
GEOGRAPHY IN THE HUMAN PERIOD — BURIED CANOES IN MARINE
STRATA NEAR GLASGOW — UPHEAVAL SINCE THE ROMAN OCCUPATION
OF THE SHORES OF THE FIRTH OF FORTH — FOSSIL WHALES NEAR
STIRLING — UPRAISED MARINE STRATA OF SWEDEN ON SHORES OF THE
BALTIC AND THE OCEAN — ATTEMPTS TO COMPUTE THEIR AGE.

Delta and Alluvial Plain of the Nile.

SOME new facts of high interest illustrating the geology of
the alluvial land of Egypt were brought to light between
the years 1851 and 1854, in consequence of investigations
suggested to the Royal Society by Mr. Leonard Horner, and
which were partly carried out at the expense of the Society.
The practical part of the undertaking was entrusted by Mr.
Horner to an Armenian officer of engineers, Hekekyan Bey,
who had for many years pursued his scientific studies in
England, and was in every way highly qualified for the task.
It was soon found that to obtain the required information
respecting the nature, depth, and contents of the Nile mud
in various parts of the valley, a larger outlay was called for
than had been originally contemplated. This expense the
late viceroy, Abbas Pacha, munificently undertook to defray
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out, of his treasury, and his successor, after his death, con-
tinued the operations with the same princely liberality.

Several engineers and a body of sixty workmen were
employed under the superintendence of Hekekyan Bey, men
inured to the climate, and able to carry on the sinking of
shafts and borings during the hot months, after the waters
of the Nile had subsided, and in a season which would have
been fatal to Europeans.

The results of chief importance arising out of this enquiry
were obtained from two sets of shafts and borings sunk at
intervals in lines crossing the great valley from east to west.
One of these consisted of no fewer than fifty-one pits and
artesian perforations, made where the valley is sixteen miles
wide from side to side between the Arabian and Lybian
deserts, in the latitude of Heliopolis, about eight miles above
the apex of the delta. The other line of borings and pits,
twenty-seven in number, was in the parallel of Memphis,
where the valley is only five miles broad.
~ Everywhere in these sections the sediment passed through
was similar in composition to the ordinary Nile mud of the
present day, except near the margin of the valley, where thin
layers of quartzose sand, such as is sometimes blown from the
adjacent desert by violent winds, was observed to alternate
with the loam.

A remarkable absence of lamination and stratification was
observed almost universally in the sediment brought up from
all points except where the sandy layers above alluded to oc-
curred, the mud agreeing closely in character with the ancient
loam of the Rhine, called loess. Mr. Horner attributes this
want of all indication of successive deposition to the ex-
treme thinness of the film of matter which is thrown down
a_.nnil-a.lly on the great alluvial plain during the season of in-
undation. - The tenuity of this layer must indeed be extreme,
if the French engineers are tolerably correct in their estimate
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of the amount of sediment formed in a century, which they
suppose not to exceed on the average five inches. When the

* waters subside, this thin layer of new soil, exposed to a hot sun,
dries rapidly, and clouds of dust are raised by the winds. The
superficial deposit, moreover, is disturbed almost everywhere
by agricultural labours, and even were this not the case, the
action of worms, insects, and the roots of plants would suffice
to confound together the deposits of two successive years.

All the remains of organic bodies, such as land-shells, and
the bones of quadrupeds, found during the excavations be-
longed to living species. Bones of the ox, hog, dog, dromedary,
and ass were not uncommon, but no vestiges of extinct mam-
malia. No marine shells were anywhere detected; but this
was to be expected, as the borings, though they sometimes
reached as low as the level of the Mediterranean, were never
carried down below it,—a circumstance much to be regretted,
since where artesian perforations have been made in deltas,
as in those of the Po and Ganges, to the depth of several
hundred feet below the sea level, it has been found, contrary
to expectation, that the deposits passed through were fluvia-
tile throughout, implying, probably, that a general subsidence
of those deltas and alluvial formations has taken place.
Whether there has been in like manner a sinking of the land in
Egypt, we have as yet no means of proving; but Sir Gardner
Wilkinson infers it from the position in the delta on the shore
near Alexandria of the tombs commonly called Cleopatra’s
Baths, which cannot, he says, have been originally built so as
to be exposed to the sea which now fills them, but must have
stood on land above the level of the Mediterranean. The same
author adduces, as additional signs of subsidence, some ruined
towns, now half under water, in the Lake Menzaleh, and
channels of ancient arms of the Nile submerged with their
banks beneath the waters of that same lagoon.

In some instances, the excavations made under the super-
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intendence of Hekekyan Bey were on a large scale for the
first sixteen or twenty-four feet, in which cases jars, vases,
pots, and a small human figure in burnt clay, a copper knife,
and other entire articles were dug up ; but when water soaking
through from the Nile was reached, the boring instrument used.
was too small to allow of more than fragments of works of art
being brought up. Pieces of burnt brick and pottery were
extracted almost everywhere, and from all depths, even where
they sank sixty feet below the surface towards the central parts
of the valley. Innone of these cases did they get to the bottom
of the alluvial soil. It has been objected, among other criti-
cisms, that the Arabs can always find whatever their employers
desire to obtain. Even those who are too well acquainted with
the sagacity and energy of Hekekyan Bey to suspect him of
having been deceived, have suggested that the artificial objects
might have fallen into old wells which had been filled up.
This notion is inadmissible for many reasons. Of the ninety-
five shafts and borings, seventy or more were made far from
the sites of towns or villages; and allowing that every field
may once have had its well, there would be but small chance,
of the borings striking upon the site even of a small number
of them in seventy experiments.

Others have suggested that the Nile may have wandered
over the whole valley, undermining its banks on one side
and filling up old channels on the other. It has also been
asked whether the delta with the numerous shifting arms of
the river may not once have been at every point where
the auger pierced.* To all these objections there are two
obvious answers :— First, in historical times the Nile has on:
the whole been very stationary, and has not shifted its position
in the valley; secondly, if the mud pierced through had been
thrown down by the river in ancient channels, it would have

* For a detailed account of these  Philosophical Transactions for 1855—
ections, see Mr. Horner's paperin the  1858.
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been stratified, and would not have corresponded so closely
with inundation mud. We learn from Captain Newbold that
he observed in some excavations in the great plain alternations
of sand and clay, such as are seen in the modern banks of the -
Nile; but in the borings made by Hekekyan Bey, such strati-
fication seems scarcely in any case to have been detected.
The great aim of the criticisms above enumerated has been
to get rid of the supposed anomaly of finding burnt brick and
pottery at depths and places which would give them claim
to an antiquity far exceeding that of the Roman domination
in Egypt. For until the time of the Romans, it is said, no
clay was burnt into bricks in the valley of the Nile. Buta
distinguished antiquary, Mr. S. Birch, assures me that this
notion is altogether erroneous, and that he has under lLis
charge in the British Museum, first, a small rectangular baked
brick, which came from a Theban tomb, which bears the
name of Thothmes, a superintendent of the granaries of the god
Amen Ra, the style of art, inseription, and name, showing that
it is as old as the 18th dynasty (about 1450 B.c.); secondly,
a brick bearing an inseription, partly obliterated, but ending
with the words ¢of the temple of Amen Ra.” This brick, de-
cidedly long anterior to the Roman dominion, is referred con-
jecturally, by Mr. Birch, to the 19th dynasty, or 1300 B.C. Sir
Gardner Wilkinson has also in his possession pieces of mortar,
which he took from each of the three great pyramids, in which
bits of broken pottery and of burnt clay or brick are imbedded.
M. Girard, of the French expedition to Egypt, supposed
the average rate of the increase of Nile mud on the plamn
between Asouan and Cairo to be five English inches in «
century. This conclusion, according to Mr. Horner, is very
vague, and founded on insufficient data; the amount of
matter thrown down by the waters in different parts of the
plain varying so much, that to strike an average with any
approach to accuracy must be most difficult. Were we to
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agsume six inches in a century, the burnt brick met with at a
depth of sixty feet would be 12,000 years old.

Another fragment of red brick was found by Linant Bey,
in a boring seventy-two feet deep, being two or three feet
below the level of the Medit.-erranea,n, in the parallel of
the apex of the delta, 200 metres distant from the 'river,
on the Libyan side of the Rosetta branch.®* M. Rosiére,
in the great French work on Egypt, has estimated the
mean rate of deposit of sediment in the delta at two inches
and three lines in a centuryf; were we to take two and a
half inches, a work of art seventy-two feet deep must have
been buried more than 30,000 years ago. But if the boring
of Linant Bey was made where an arm of the river had been
silted up at a time when the apex of the delta was somewhat
farther south, or more distant from the sea than now, the
brick in question might be comparatively very modern.

The experiments instituted by Mr. Horner at the pedestal
of the fallen statue of king Rameses at Memphis, in. the
hope of obtaining an accurate chronometric scale for testing
the age of a given thickness of Nile sediment, are held by
some experienced Egyptologists not to be satisfactory, on the
ground of the uncertainty of the rate of deposit-accumulated
at that locality. The point sought to be determined was
the exact amount of Nile mud which had accumulated there
since the time when that statue is supposed by some anti-
quaries to have been erected. Could we have obtained pos-
session of such a measure, the rate of deposition might be
Jjudged of, approximately at least, whenever similar mud was
observed in other places, or below the foundations of those
same monuments, But the ancient Egyptians are known to
have been in the habit of enclosing with ‘embankments, the
areas on which they erected temples, statues, and obelisks, so

* Horner, Philosophical Transactions, 1858,
* 't Description de I'Egypte (Histoire Naturelle, tom. ii. p. 494).
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as to exclude the waters of the Nile; and the point of time to
be ascertained, in every case where we find a monument buried
to a certain depth in mud, as at Memphis and Heliopolis, is
the era when the city fell into such decay that the ancient
embankments were neglected, and the river allowed to in-
undate the site of the temple, obelisk, or statue.

Even if we knew the date of the abandonment of such
embankments, the enclosed areas would not afford a favour-
able opportunity for ascertaining the average rate of deposit
in the alluvial plain; for Herodotus tells us that in his time
those spots from which the Nile waters had been shut out
for centuries appeared sunk, and could be looked down into
from the surrounding grounds, which had been raised by the
gradual accumulation over them of sediment annually thrown
down. If the waters at length should break into such de-
pressions, they must at first carry with them into the enclosure
much mud washed from the steep surrounding banks, so that
a greater quantity would be deposited in a few years than
perhaps in as many centuries on the great plain outside the
depressed area, where no such disturbing causes intervened.

Ancient Mounds of the Valley of the Ohio.

As I have already given several European examples of
monuments of pre-historic date belonging to the recent
period, I will now turn to the American continent. Before
the scientific investigation by Messrs. Squier and Davis of the
¢ Ancient Monuments of the Mississippi Valley,”* no one
suspected that the plains of that river had been occupied, for
ages before the French and British colonists settled there, by
a nation of older date, and more advanced in the arts than
the Red Indians whom the Europeans found there. There
are hundreds of large mounds in the basin of the Mississippi,

# Smithsonian Contributions, vol. i., 1847,
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and especially in the valleys of the Ohio and its tributaries
which have served, some of them for temples, others for eut-
look or defence, and others for sepulture. The unknewn
people by whom they were constructed, judging by the form
of several skulls dug out of the burial-places, were of the
Mexican or Toltecan race. Some of the earthworks are on
so grand a scale as to embrace areas of fifty or a hundred
acres within a simple enclosure, and the solid contents of
one mound are estimated at twenty millions of cubic feet, so
that four of them would be more than equal in bulk to the
Great Pyramid of Egypt, which comprises seventy-five
millions. From several of these repositories pottery and
ornamental sculpture have been taken, and various ar-
ticles in silver and copper, also stone weapons, some com-
posed of hornstone unpolished, and much resembling in
shape some ancient flint implements found near Amiens and
other places in Europe, to be alluded to in the sequel.

It is clear that the Ohio mound-builders had commercial
intercourse with the natives of distant regions, for among
the buried articles some are made of native copper from
Lake Superior, and there are also found mica from the
Alleghanies, sea-shells from the Gulf of Mexico, and obsidian
from the Mexican mountains.

The extraordinary number of the mounds implies a long
period, during which a settled agricultural population had
made considerable progress in civilization, so as to require large
temples for their religious rites, and extensive fortifications to
protect them from their enemies. The mounds were almost all
confined to fertile valleys or alluvial plains, and some at least
are so ancient, that rivers have had time since their con-
struction to encroach on the lower terraces which support
them, and again to recede for the distance of nearly a mile,
after having undermined and destroyed a part of the works.
When the first European settlers entered the valley of the
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Ohio, they found the whole region covered with an uninter-
rupted forest, and tenanted by the Red Indian hunter, who
roamed over it without any fixed abode, or any traditionary
connection with his"more civilized predecessors. The only
positive data as yet obtained for calculating the minimum of
time which must have elapsed since the mounds were aban-
doned, have been derived from the age and nature of the
trees found growing on some of these earthworks. When I
visited Marietta in 1842, Dr. Hildreth took me to one of
the mounds, and showed me where he had seen a tree grow-
ing on it, the trunk of which when cut down displayed eight
hundred rings of annual growth.* But the late General
Harrison, President in 1841 of the United States, who was well
skilled in woodecraft, has remarked, in & memoir on this sub-
ject, that several generations of trees must have lived and
died before the mounds could have been overspread with
that variety of species which they supported when the white
man first beheld them, for the number and kinds of trees
were precisely the same as those which distinguished the
surrounding forest. ¢We may be sure,” observed Harrison,
‘that no trees were allowed to grow so long as the earthworks
were in use ; and when they were forsaken, the ground, like all
newly cleared land in Ohio, would for a time be monopolised
by one or two species of tree, such as the yellow locust and
the black or white walnut. When the individuals which were
the first to get possession of the ground had died out one
after the other, they would in many cases, instead of being
replaced by the same species, be suceeeded (by virtue of the
law which makes a rotation of crops profitable in agriculture)
by other kinds, till at last, after a great number of centuries
(several thousand years, perhaps), that remarkable diversity
of species characteristic of North America, and far exceeding
what is seen in European forests, would be established.’

* Lyell's Travels in North America, vol. ii. p. 29.
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Mounds of Santos in Brazil.

I will next say a few words respecting certain human
bones embedded in s solid rock at Santos in Brazil, to which
I called attention in my Travels in Americain 1842.* I then
imagined the deposit containing them to be of submarine
origin,—an opinion which I have long ceased to entertain.
We learn from a memoir of Dr. Meigs, that the River Santos
has undermined a large mound, fourteen feet in height, and
about three acres in area, covered with trees, near the town
of St. Paul, and has exposed to view many skeletons, all
inclined at angles between 207 and 25° and all placed in a
similar east and west position.tf Seeing, in the Museum of
Philadelphia, fragments of the calcareous stone or tufa from
this spot, containing a human skull with teeth, and in the
same matrix, oysters with serpul® attached, I at first coun-
cluded that the whole deposit had been formed beneath the
waters of the sea, or at least, that it had been submerged after
its origin, and again upheaved ; also, that there had been
time since its emergence for the growth on it of a forest of
large trees. But after reading again, with more care, the
original memoir of Dr. Meigs, I cannot doubt that the shells,
like those of eatable kinds, so often accumulated in the
mounds of the North American Indians not far from the
sea, may have been brought to the place and heaped up with
other materials at the time when the bodies were buried.
Subsequently, the whole artificial earthwork, with its shells
and skeletons, may have been bound together into a solid
stone by the infiltration of carbonate of lime, and the mound
_i:na,y therefore be of no higher antiquity than some of those
above alluded to on the Ohio, which, as we have seen, have in
like manner been exposed in the course of ages to the
encroachments and undermining action of rivers.

- # Vol. i p. 200. ~t Meigs, Trans. Amer. Phil. Soc., 1828, p. 285.
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Delta of the Mississippi.

I have shown in my Travels in North America that the
deposits forming the delta and alluvial plain of the Missis-
sippi consist of sedimentary matter, extending over an area of
30,000 square miles, and known in some parts to be several
hundred feet deep. Although we cannot estimate correctly
how many years it may have required for the river to bring
down from the upper country so large a quantity of earthy
matter — the data for such a computation being as yet
incomplete — we may still approximate to a minimum of the
time which such an operation must have taken, by ascertain-
ing experimentally the annual discharge of water by the
Mississippi, and the mean annual amount of solid matter
contained in its waters. The lowest estimate of the time
required would lead us to assign a high antiquity, amounting
to many tens of thousands of years (probably more than
100,000) to the existing delta.

Whether all or how much of this formation may belong to
the recent period, as above defined, I cannot pretend to
decide, but in one part of the modern delta near New
Orleans, a large excavation has been made for gas-works,
where a succession of beds, almost wholly made up of
vegetable matter, has been passed through, such as we now
see forming in the cypress swamps of the neighbourhood,
where the deciduous cypress (Tazxodium distichum), with its
strong and spreading roots, plays a conspicuous part. In this
excavation, at the depth of sixteen feet from the surface,
beneath four buried forests superimposed one upon the other,
the workmen are stated by Dr. B. Dowler to have found
some charcoal and a human skeleton, the cranium of which
is said to belong to the aboriginal type of the Red Indian
race. As the discovery in question had not been made
when I saw the excavation in progress at the gas-works in
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1846, I cannot form an opinion as to the value of the chrono-
logical calculations which have led Dr. Dowler to ascribe to
this skeleton an antiquity of 50,000 years. In several sec-
tions, both natural in the banks of the Mississippi and its
numerous arms, and where artificial canals had been cut, I ob-
served erect stumps of trees, with their roots attached, buried
in strata at different heights, one over the other. I also re-
marked, that many cypresses which had been cut through,
exhibited many hundreds of rings of annual growth, and
it then struck me that nowhere in the world could the geo-
logist enjoy a mere favourable opportunity for estimating in
years the duration of certain portions of the recent epoch.*

Coral Reefs of Florida.

Professor Agassiz has described a low portion of the penin-
sula of Florida as consisting of numerous reefs of coral, which
have grown in succession so as to give rise to a continual
annexation of land, gained gradually from the sea in a
southerly direction. - This growth is still in full activity, and
assuming the rate of advance of the land to be one foot in a
century, the reefs being built up from a depth of seventy-five
feet, and that each reef has in its turn added ten miles to the
coast, Professor Agassiz calculates that it has taken 135,000
years to form the southern half of this peninsula. Yet the
whole is of post-tertiary origin, the fossil zoophytes and shells
being all of the same species as those now inhabiting the
neighbouring sea.f In a calcareous conglomerate forming
'pa,rt of the above-mentioned series of reefs, and supposed by
Agassiz, in accordance with his mode of estimating the rate of
growth of those reefs, to be about 10,000 years old, some

* Dowler, cited by Dr. W. Usher, + Agassiz, in Nott and Gliddon,
in Nott and Gliddon's Types of Man-  ibid, p. 352,
kind, p. 3562. ' '
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fossil human remains were found by Count Pourtalis. They
consisted of jaws and teeth, with some bones of the foot.

Recent Deposits of Seas and Lakes.

I bave shown, in the Principles of Geology, where the
recent changes' of the earth illustrative of geology are de-
scribed at length, that the deposits accumulated at the
bottom of lakes and seas within the last 4000 or 5000 years
can neither be insignificant in volume or extent. They lie
hidden, for the most part, from our sight; but we have
opportunities of examining them at certain points where
newly-gained land in the deltas of rivers has been cut through
during floods, or where coral reefs are growing rapidly, or
where the bed of a sea or lake has been heaved up by sub-
terranean movements and laid dry.

As examples of such changes of level by which marine
deposits of the recent period have become accessible to human
observation, I have adduced the strata near Naples in which
the Temple of Serapis at Pozzuoli was entombed.* These
upraised strata, the highest of which are about twenty-five
feet above the level of the sea, form a terrace skirting the
eastern shore of the Bay of Baie. They consist partly of
clay, partly of volecanic matter, and contain fragments of
sculpture, pottery, and the remains of buildings, together
with great numbers of shells, retaining in part their colour,
and of the same species as those now inhabiting the neigh-
bouring sea. Their emergence can be proved to have taken
place since the beginning of the sixteenth century.

In the same work, as an example of a fresh-water deposit
of the recent period, I have described certain strata in
Cashmere, a country where violent earthquakes, attended by

* Principles of Geology, Index, ¢ Serapis.’
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alterations in the level of the ground, are frequent, in which
fresh-water shells of species now inhabiting the lakes and
rivers of that region are embedded, together with the remains
of pottery, often at the depth of fifty feet, and in which a
splendid Hindoo temple has lately been discovered, and laid
open to view by the removal of the lacustrine silt which had
enveloped it for four or five centuries.

In the same treatise (ch. xxix.) it is stated, that the west
coast of South America, between the Andes and the Pacific,
is a great theatre of earthquake movements, and that per-
manent upheavals of the land of several feet at a time have
been experienced since the discovery of America. In various
parts of the littoral region of Chili and Peru, strata have
been observed enclosing shells in abundance, all agreeing
specifically with those now swarming in the Pacific. In one
bed of this kind, in the island of San Lorenzo, near Lima,
Mr. Darwin found, at the altitude of eighty-five feet above the
sea, pieces of cotton-thread, plaited rush, and the head of a
stalk of Indian corn, the whole of which had evidently been
embedded with the shells. At the same height, on the neigh-
bouring mainland, he found other signs corroborating the
opinion that the ancient bed of the sea had there also been
uplifted eighty-five feet since the region was first peopled by
the Peruvian race. But similar shelly masses are also met with
at much higher elevations, at innumerable points between
the Chilian and Peruvian Andes and the sea-coast, in which
no human remains have as yet been observed. The pre-
servation for an indefinite period of such perishable sub-
stances as thread is explained by the entire absence of rain
in Peru. The same articles, had they been enclosed in the
permeable sands of an European raised beach, or in any
country where rain falls even for a.‘sma,ll part of the year,
would probably have disappeared entirely.

In the literature of the last century, we find frequent allu-
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sion to the ‘era of existing continents,” a period supposed to
have coincided in date with the first appearance of Man upon
the earth, since which event it was imagined that the relative
level of the sea and land had remained stationary, no im-
portant geographical changes having occurred, except some
slight additions to the deltas of rivers, or the loss of narrow
strips of land where the sea had encroached upon its shores.
But modern observations have tended continually to dispel
this delusion, and the geologist is now convinced that at no
given era of the past have the boundaries of land and sea, or
the height of the one and depth of the other, or the geogra-
phical range of the species inhabiting them, whether of animals
or plants, become fixed and unchangeable. Of the extent to
which fluctuations have been going on since the globe had
already become the dwelling-place of Man, some idea may be
formed from the examples which I shall give in this and the
next nine chapters.

Ipheaval since the Human Period of the Central
District of Scotland.

It has long been a fact familiar to geologists, that, both on
the east and west coasts of the central part of Scotland, there
are lines of raised beaches, containing marine shells of the
same species as those now inhabiting the neighbouring sea.*
The two most marked of these littoral deposits occur at
heights of about forty and twenty-five feet above high-water -
mark, that of forty feet being considered as the more ancient,
and owing its superior elevation to a longer continuance of
the upheaving movement. They are seen in some places to
rest on the boulder clay of the glacial period, which will be
described in future chapters.

* R. Chambers, ‘Sea Margins;’ Jordan Hill, Mem. Wern. Soc. vol.
1848, and papers by Mr. Smith of  viii, and by Mr. C. Maclaren.
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In those districts where large rivers, such as the Clyde,
Forth, and Tay, enter the sea, the lower of the two deposits,
or that of twenty-five feet, expands into a terrace fringing
the estuaries, and varying in breadth from a few yards to
several miles, Of this nature are the flat lands which occur
along the margin of the Clyde at Glasgow, which consist of
finely laminated sand, silt, and clay. Mr. John Buchanan,
a zealous antiquary, writing in 1855, informs us, that in the
course of the eighty years preceding that date, no less than
seventeen canoes had been dug out of this estuarine silt, and
that he had personally inspected a large number of them
before they were exhumed. Five of them lay buried in silt
under the streets of Glasgow, one in a vertical position with
the prow uppermost as if it had sunk in a storm. In the
inside of it were a number of marine shells. Twelve other
canoes were found about a hundred yards back from the
river, at the average depth of about nineteen feet from the
surface of the soil, or seven feet above high-water mark ; but
a few of them were only four or five feet deep, and conse-
quently more than twenty feet above the sea-level. One was
sticking in the sand at an angle of 45° another had been
capsized, and lay bottom uppermost; all the rest were in a
horizontal position, as if they had sunk in smooth water.*

Almost every one of these ancient boats was formed out of a
single oak-stem, hollowed out by blunt tools, prebably stone
axes, aided by the action of fire ; a few were cut beautifully
smooth, evidently with metallic tools. Hence a gradation
could be traced from a pattern of extreme rudeness to one
showing great mechanical ingenuity. Two of them were built
of planks, one of the two, dug up on the property of Bankton
in 1853, being eighteen feet in length, and very elaborately
constructed. Its prow was not unlike the beak of an antique

* J, Buchanan, Brit. Ass. Rep. 1856, p. 80; also Glasgow, Past and Present,
1856. - | -
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galley; its stern, formed of a triangular-shaped piece of oak,
fitted in exactly like those of our day. The planks were
fastened to the ribs, partly by singularly shaped oaken pins,
and partly by what must have been square nails of some
kind of metal ; these had entirely disappeared, but some of
the oaken pins remained. This boat had been upset, and
was lying keel uppermost, with the prow pointing straight up
the river. In one of the canoes, a beautifully polished celt
or axe of greenstone was found, in the bottom of another a
plug of cork, which, as Mr. Geikie remarks, ¢ could only have
come from the latitudes of Spain, Southern France, or Italy.”*

There can be no doubt that some of these buried vessels
are of far more ancient date, than others. Those most
roughly hewn, may be relics of the stone period ; those more
smoothly cut, of the bronze age ; and the regularly built boat
of Bankton may perhaps come within the age of iron. The
occurrence of all of them in one and the same upraised
marine formation by no means implies that they belong
to the same era, for in the heds of all great rivers and
estuaries, there are changes continually in progress brought
about by the deposition, removal, and redeposition of gravel,
sand, and fine sediment, and by the shifting of the channel
of the main currents from year to year, and from century to
century. All these it behoves the geologist and antiquary
to bear in mind, so as to be always on their guard, when
they are endeavouring to settle the relative date, whether of
objects of art or of organic remains embedded in any set
of alluvial strata. Some judicious observations on this head
occur in Mr. Geikie's memoir above cited, which are so much
in point that I shall give them in full, and in his own words.

‘The relative position in the silt, from which the canoes
were exhumed, could help us little in any attempt to ascer-

¥ (Geikie, Geol. Quart. Journ. vol. xviii., p. 224.
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tain their relative ages, unless they had been found vertically
above each other. The varying depths of an estuary, its
banks of silt and sand, the set of its currents, and the in-
fluence of its tides in scouring out alluvium from some parts
of its bottom and redepositing it in others, are circumstances
which require to be taken into account in all such caleulations.
" Mere coincidence of depth from the present surface of the
ground, which is tolerably uniform in level, by no means
necessarily proves contemporaneous deposition. Nor would
such an inference follow even from the occurrence of the
remains in distant parts of the very same stratum. A canoe
might be capsized and sent to the bottom just beneath low-
water mark ; another might experience a similar fate on the
following day, but in the middle of the channel. Both
would become - silted up on the floor of the estuary; but as
that floor would be perhaps twenty feet deeper in the centre
than towards the margin of the river, the one canoe might
actually be twenty feet deeperin the alluvium than the other;
~ and on the upheaval of the alluvial deposits, if we were to
argue merely from the depth at which the remains were
embedded, we should pronounce the canoe found at the one
locality to be immensely older than the other, seeing that the
fine mud of the estuary is deposited very slowly and that it
must therefore have taken a long period to form so great a
thickness as twenty feet. Again, the tides and currents of
the estuary, by changing their direction, might sweep away
a considerable mass of alluvium from the bottom, laying bare
a canoe that may have foundered many centuries before.
After the lapse of so long an interval, another vessel might go
to the bottom in the same locality, and be there covered up
with the older one, on the same general plane. These two
vessels, found in such a position, would naturally be classed
together as of the same age, and yet it is demonstrable that a
very long period may have elapsed between the date of the



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm

CHAP, IIL CENTRAL DISTRICT OF SCOTLAND. 51

one and that of the other. Such an association of these
canoes, therefore, cannot be regarded as proving synchronous
deposition; mnor, on the other hand can we affirm any
difference of age from mere relative position, unless we see
one canoe actually buried beneath another.™

At the time when the ancient vessels, above described,
were navigating the waters, where the city of Glasgow now
stands, the whole of the low lands which bordered the
present estuary of the Clyde, formed the bed of a shallow
sea. The emergence appears to have taken place gradually
and by intermittent movements, for Mr. Buchanan describes
several narrow terraces one above the other on the site of the
city itself, with steep intervening slopes composed of the
laminated estuary formation. Each terrace and steep slope
probably mark pauses in the process of upheaval, during
which low cliffs were formed, with beaches at their base.
Five of the canoes were found within the precincts of the
city at different heights on or near such terraces.

As to the date of the upheaval, the greater part of it
cannot be assigned to the stone period, but must have taken
place after tools of metal had come into use.

Until lately, when attempts were made to estimate the
probable antiquity of such changes of level, it was confidently
assumed, as a safe starting-point, that no alteration had oc-
curred in the relative level of land and sea, in the central
district of Scotland, since the construction of the Roman or
Pictish wall (the ¢ Wall of Antonine’), which reached from
the Firth of Forth to that of the Clyde. The two extremities,
it was said, of this ancient structure, bear such a relation to
the present level of the two estuaries, that neither subsidence
nor elevation of the land could have occurred for seven-
teen centuries at least.

But Mr. Geikie has lately shown that a depression of

* Geikie, Geol. Quart. Journ. vol. xviii,, p. 222. 1862,
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twenty-five feet on the Forth would not lay the eastern
extremity of the Roman wall at Carriden under water, and
he was therefore desirous of knowing whether the western
end of the same would be submerged by a similar amount of
subsidence. It has always been acknowledged that the wall
terminated upon an eminence called the Chapel Hill, near
the village of West Kilpatrick, on the Clyde. The foot of
this hill, Mr. Geikie estimates to be about twenty-five or
twenty-seven feet above high-water mark, so that a subsi-
dence of twenty-five feet could not lay it under water. Anti-
quaries have sometimes wondered that the Romans did not
carry the wall farther west than this Chapel Hill; but Mr.
Geikie now suggests, in explanation, that all the low land
at present intervening between that point and the mouth of
the Clyde, was, sixteen or seventeen centuries ago, washed
by the tides at high water.

The wall of Antonine, therefore, yields no evidence in
favour of the land having remained stationary since the time
of the Romans, but on the contrary, appears to indicate that
since its erection the land has actually risen. Recent explo-
rations by Mr. Geikie and Dr. Young, of the sites of the old
Roman harbours along the southern margin of the Firth of
Forth, lead to similar inferences. In the first place, it has
long been known that there is a raised beach containing
marine shells of living littoral species, about twenty-five feet
high, at Leith, as well as at other places along the coast above
and below Edinburgh. Inveresk, a few miles below that city,
is the site of an ancient Roman port, and if we suppose the
sea at high water to have washed the foot of the heights on
which the town stood, the tide would have ascended far up
the valley of the Esk, and would have made the mouth of
that river a safe and commodious harbour; whereas, had it
been a shoaling estuary, as at present, it is difficult to see
how the Romans should have made choice of it as a port.
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At Cramond, at the mouth of the river Almond, above
Edinburgh, was Alaterva, the chief Roman harbour on the
southern coast of the Forth, where numerous coins, urns,
sculptured stones, and the remnant of a harbour have been
detected. The old Roman quays built along what must then
have been the sea margin, have been found on what is now dry
land, and although some silt carried down in suspension by
the waters of the Forth may account for a part of the gain
of low land, we yet require an upward movement of about
twenty feet to explain the growth of the dreary expanse of
mud now stretching along the shore and extending out-
wards, where it attains its greatest breadth, well-nigh two
miles, across which vessels, even of light burden, can now
only venture at full tide. Had these shoals existed eighteen
centuries ago, they would have prevented the Romans from
selecting this as their chief port; whereas, if the land were
now to sink twenty feet, Cramond would unquestionably be
the best natural harbour along the whole of the south side of
the Forth.*

Corresponding in level with the raised beach at Leith,
above mentioned (or about twenty-five feet above high-water
mark), is the Carse of Stirling, a low tract of land consisting
of loamy and peaty beds, in which several skeletons of whales
of large size have been found. One of these was dug up
at Airthriet, near Stirling, about a mile from the river, and
seven miles from the sea. Mr. Bald mentions, that near it
were found two pieces of stag’s horn, artificially cut, through
one of which a hole, about an inch in diameter, had been per-
forated. Another whale, eighty-five feet long, was found at
Dunmore, a few miles below Stirling}, which, like that of
Airthrie, lay about twenty feet above high-water mark. Three

* Geikie, Edinb. New Plil. Journ.  Wernerian Society, iii. p. 327.
for July 1861. t Edinburgh Philosophical Jour-

T Bald, Edinburgh Philosophical  mnal, xi. pp. 220, 415.
Journal, i, p. 393; and Memoirs,
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other skeletons of whales were found at Blair Drummond,
between the years 1819 and 1824, seven miles up the estuary
above Stirling*, also at an elevation of between twenty and
‘thirty feet above the sea. Near two of these whales, pointed
instruments of deer’s horn were found, one of which retained
part of a wooden handle, probably preserved by having been
enclosed in peat. This weapon is now in the museum at
Edinburgh.

The position of these fossil whales and bone implements,
and still more of an iron anchor found in the Carse of Falkirk,
below Stirling, shows that the upheaval by which the
raised beach of Leith was laid dry extended far westward
probably as far as the Clyde, where, as we have seen, marine
strata containing buried canoes rise to a similar height above
the sea.

The same upward movement which reached simultaneously
east and west from sea to sea was also felt as far north as
the estuary of the Tay. This may be inferred from the Celtic
name of- Inch being attached to many hillocks, which rise
above the general level of the alluvial plains, implying that
these eminences were once surrounded by water or marshy
ground. At various localities also in the silt of the Carse
of Gowrie iron implements have been found.

The raised beach, also containing a great number of marine
shells of recent species, traced up to a height of fourteen feet
above the sea by Mr. W. J. Hamilton at Elie, on the
gouthern coast of Fife, is doubtless another effect of the
same extensive upheaval.f A similar movement would also
account for some changes which antiquaries have recorded
much farther south, on the borders of the Solway Frith;
though in this case, as in that of the estuary of the Forth,
the conversion of sea into land has always been referred

# Memoirs, Wornerian Society, . ~ + Proceedings of Geological Society,
p- 440. 1833, vol. ii. p. 280,
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to the silting up of -estuaries, and not to upheaval. Thus
Horsley insists on the difficulty of explaining the position of
certain Roman stations, on the Solway, the Forth, and the
Clyde, without assuming that the sea has been excluded from
certain areas which it formerly occupied.*

On a review of the whole evidence, geological and archzo-
logical, afforded by the Scottish coast-line, we may conclude
that the last upheaval of twenty-five feet took place not only
gince the first human population settled in the island; but
long after metallic implements had come into use, and there
seems even a strong presumption in favour of the opinion
that the date of the elevation may have been subsequent to
the Roman occupation.

But the twenty-five feet rise is only the last stage of a long
antecedent process of elevation, for examples of recent marine
shells have been observed forty feet and upwards above the sea
in Ayrshire. At one of these localities, Mr. Smith of Jordan-
hill informs me that a rude ornament made of cannel coal
has been found on the coast in the parish of Dundonald,
lying fifty feet above the sea-level, on the surface of the
boulder-clay or till, and covered with gravel containing
marine shells. If we suppose the upward movement to
have been uniform in central Scotland before and after the
Roman era, and assume that as twenty-five feet indicate
seventeen centuries, so fifty feet imply a lapse of twice that
number, or 3400 years, we should then carry back the date
of the ornament in question to fifteen centuries before our era,
or to the days of Pharaoh, and the period usually assigned
to the exodus of the Israelites from Egypt.

But all such estimates must be considered, in the present
state of science, as tentative and conjectural, since the rate
of movement of the land may not have been uniform, and its

* Britannia, p. 167. 1860,
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direction not always upwards, and there may have been long
stationary periods, one of which of more than usual duration
seems indicated by the forty-foot raised beach, which has
been traced for vast distances along the westeérn coast of
Scotland.

Coast of Cornwall.

Sir H. De la Beche has adduced several proofs of changes
of level, in the course of the human period, in his ¢ Report on
the Geology of Cornwall and Devon for 1839, He mentions
(p. 406) that several human skulls and works of art, buried
in an estuary deposit, were found in mining gravel for tin, at
Pentuan near St. Austell, the skulls lying at the depth of
forty feet from the surface, and others at Carnon, at the depth
of fifty-three feet. The overlying strata were marine, con-
taining sea-shells of living species, and bones of whales,
besides the remains of several living species of mammalia.

Other examples of works of art, such as stone hatchets,
canoes, and ships, buried in ancient river-beds in England,
and in peat and shell-marl, I have mentioned in my work
before cited.* *

Sweden and Norway.

In the same work I have shown that near Stockholm, in
Sweden, there occur, at slight elevations above the sea-level,
horizontal beds of sand, loam, and marl, containing the same
peculiar assemblage of testacea which now live in the brackish
waters of the Baltic. Mingled with these, at different depths,
have been detected various works of art implying a rude state
of civilization, and some vessels built before the introduction of
iron, and even the remains of an ancient hut, the marine
strata containing it, which had been formed during a previous
depression, having been upraised, so that the upper beds

* Principles of Geology.
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are now sixty feet higher than the surface of the Baltic. In
the neighbourhood of these recent strata, both to the north-
west and south of Stockholm, other deposits similar in mineral
composition occur, which ascend to greater heights, in which
precisely the same assemblage of fossil shells is met with, but
without any intermixture, so far as is yet known, of human
bones or fabricated articles.

On the opposite or western coast of Sweden, at Uddevalla,
post-tertiary strata, containing recent shells, not of that
brackish water character peculiar to the Baltic, but such as
now live in the Northern Ocean, ascend to the height of
200 feet; and beds of clay and sand of the same age attain
elevations of 300 and even 600 feet in Norway, where they
have been usually described as ‘raised beaches.’ They are,
however, thick deposits of submarine origin, spreading far
and wide, and filling valleys in the granite and gneiss, just
as the tertiary formations, in different parts of Europe, cover
or fill depressions in the older rocks.

Although the fossil fauna characterising these upraised
sands and clays consists exclusively of existing northern
species of testacea, it is more than probable that they may
not all belong to that division of the post-tertiary strata
which we are now considering. If the contemporary mam-
malia were known, they would, in all likelihood, be found to
be referable, at least in part, to extinct species ; for, according
to Lovén (an able living naturalist of Norway), the species
do not constitute such an assemblage as now inhabits corre-
sponding latitudes in the German Ocean. On the contrary,
they decidedly represent a more arctic fauna. In order to
find the same species flourishing in equal abundance, or in
many cases to find them at all, we must go northwards to
higher latitudes than Uddevalla in Sweden, or even nearer
the pole than Central Norway.

Judging by the uniformity of climate now prevailing from
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century to century, and the insensible rate of variation in
the geographical distribution of organic beings in our own
times, we may presume that an extremely lengthened period
was required, even for so slight a modification in the range
of the molluscous fauna, as that of which the evidence is
here brought to light. There are also other independent
reasons for suspecting that the antiquity of these deposits
may be indefinitely great as compared to the historical
period. I allude to their present elevation above the sea,
some of them rising, in Norway, to the height of 600 feet
or more. The upward movement now in progress in parts
of Norway and Sweden, extends, as I have elsewhere shown*,
throughout an area about 1000 miles north and south, and
for an unknown distance east and west, the amount of eleva-
tion always increasing as we proceed towards the North Cape,
where it is said to equal five feet in a century. If we could
agsume that there had been an average rise of two and a half
feet in each hundred years for the last fifty centuries, this
would give an elevation of 125 feet in that period. In other
words, it would follow that the shores, and a considerable
area of the former bed of the North Sea, had been uplifted
vertically to that amount, and converted into land in the
course of the last 5000 years. A mean rate of continuous
vertical elevation of two and a half feet in a century would,
I conceive, be a high average; yet, even if this be assumed,
it would require 24,000 years for parts of the sea-coast of
Norway, where the post-tertiary marine strata occur, to attain
the height of 600 feet. |

* Principles, 9th ed. ch. xxx.
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CHAPTER IV.

POST-PLIOCENE PERIOD — BONES OF MAN AND EXTINCT
MAMMALIA IN BELGIAN CAVERNS.

EARLIEST DISCOVERIES IN CAVES OF LANGUEDOC OF HUMAN REMAINS
WITH BONES OF EXTINCT MAMAMALIA — RESEARCHES IN 1833 oF
DR. SCHMERLING IN THE LIEGE CAVERNS — SCATTERED PORTIONS OF
HUMAN SEELETONS ASSOCIATED WITH BONES OF ELEPHANT AND
RHINOCEROS — DISTRIBUTION AND FPROBABLE MODE OF INTRODUCTION
OF THE BONES — IMPLEMENTS OF FLINT AND BONE — SCHMERLING'S
CONCLUSIONS AS TO THE ANTIQUITY OF MAN IGNORED — PRESENT
STATE OF THE BELGIAN CAVES — HUMAN BONES RECENTLY FOUND IN
CAVE OF ENGIHOUL-— ENGULFED RIVERS — STALAGMITIC CRUST —
ANTIQUITY OF THE HUMAN REMAINS IN BELGIUM HOW PROVED,

AVING hitherto considered those formations in which
both the fossil shells and the mammalia are of living
species, we may now turn our attention to those of older
date, in which the shells being all recent, some of the ac-
companying mammalia are extinct, or belong to species not
known to have lived within the times of history or tradition.

Discoveries of MM. Towrnal and Christol in 1828, in the
South of France.

In the Principles of Geology, when treating of the
fossil remains found in alluvium, and the mud of caverns, I
gave an account in 1832 of the investigations made by
MM. Tournal and Christol in the South of France.*

, M. Tournal stated in his memoir, that in the cavern of
/Bize, in the department of the Aude, he had found human
‘bones and teeth, together with fragments of rude pottery, in

* 1st ed. vol. ii. ch. xiv., 1832; and 9th ed. p. 738, 1853.
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the same mud and breccia cemented by stalagmite in which
land-shells of living species were embedded, and the bones
of mammalia, some of extinct, others of recent species. The
human bones were declared by his fellow-labourer, M. Marcel
de Serres, to be in the same chemical condition as those of
the accompanying quadrupeds.*

Speaking of these fossils of the Bize cavern five years
later, M. Tournal observed, that they could not be referred,
as some suggested, to a ¢ diluvial catastrophe,” for they
evidently had not been washed in suddenly by a transient
flood, but must have been introduced gradually, together
with the enveloping mud and pebbles, at successive periods.}

M. Christol, who was engaged at the same time in
similar researches in another part of Languedoc, published an
‘account of them a year later, in which he described some
human bones, as occurring in the cavern of Pondres, near
Nismes, in the same mud with the bones of an extinct hyzna
and rhinoceros.} The cavern was in this instance filled up
to the roof with mud and gravel, in which fragments of two
kinds of pottery were detected, the lowest and rudest near
the bottom of the cave, below the level of the extinct mam-
malia.

It has never been questioned that the hyzna and rhinoceros
found by M. Christol were of extinct species; but whether
the animals enumerated by M. Tournal might not all of them
be referred to quadrupeds which are known to have been
living in Europe in the historical period seems doubtful.
They were said to consist of a stag, an antelope, and a goat,
all named by M. Marcel de Serres as new; but the majority
of paleontologists do not agree with this opinion. Still it is
true, as M. Lartet remarks, that the fauna of the cavern of

* Annales des Sciences Naturelles, } Christol, Notice sur les Ossements

tom. xv. p. 348: 1828, i humains des Cavernes du Gard. Mont-
T Annales de Chimie et de Phy- pellier, 1829.
sique, p. 161 : 1833,
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Bize must be of very high antiquity, as shown by the pre-
sence, not only of the Lithuanian aurochs (Bison europeus),
but also of the reindeer, which has not been an inhabitant
of the South of France in historical times, and which, in that
country, is almost everywhere associated, whether in ancient
alluvium or in the mud of caverns, with the mammoth.

In my work before cited*, I stated that M. Desnoyers,
an observer equally well versed in geology and archzology,
had disputed the conclusion arrived at by MM. Tournal and
Christol, that the fossil rhinoceros, hy®na, bear, and other
lost species, had once been inhabitants of France contem-
poraneously with Man. ¢The flint hatchets and arrow-heads’
he said, ¢ and the pointed bones and coarse pottery of many
French and English caves, agree precisely in character with
those found in the tumuli, and under the dolmens (rude
altars of unhewn stone) of the primitive inhabitants of Gaul,
Britain, and Germany. The human bones, therefore, in the
caves which are associated with such fabricated objects,
must belong not to antediluvian periods, but to a people in
the same stage of civilization as those who constructed the
tumuli and altars.’

¢ In the Gaulish monuments,” he added, ¢ we find, together
with the objects of industry above mentioned, the bones of
wild and domestic animals of species now inhabiting Europe,
particularly of deer, sheep, wild boars, dogs, horses, and
oxen. This fact has been ascertained in Quercy, and other
provinces; and it is supposed by antiquaries that the animals
in question were placed beneath the Celtic altars in memory
of sacrifices offered to the Gaulish divinity Hesus, and in the
tombs to commemorate funeral repasts, and also from a
superstition prevalent among savage nations, which induces
them to lay up provisions for the manes of the dead in a

¥ Principles, 9th ed. p. 739.
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future life. But in none of these ancient monuments have
any bones been found of the elephant, rhinoceros, hyzna,
tiger, and other quadrupeds, such as are found in caves,
which might certainly have been expected, had these species
continued to flourish at the time that this part of Gaul was
inhabited by Man.’*

After giving no small weight to the arguments of M. Des-
noyers, and the writings of Dr. Buckland on the same subject,
and visiting myself several caves in Germany, I came to the
opinion that the human bones mixed with those of extinct
animals, in osseous breccias and cavern mud, in different
parts of Europe, were probably not coeval. The caverns
having been at one period the dens of wild beasts, and having
gerved at other times as places of human habitation, worship,
sepulture, concealment, or defence, one might easily conceive
that the bones of Man and those of animals, which were
strewed over the floors of subterranean cavities, or which
had fallen into tortuous rents connecting them with the
surface, might, when swept away by floods, be mingled in
one promiscuous heap in the same ossiferous mud or
breccia.t |

That such intermixtures have really taken place in some
caverns, and that geologists have occasionally been deceived,
and have assigned to one and the same period fossils which
had really been introduced at successive times, will readily
be conceded. But of late years we have obtained convincing
proofs, as we shall see in the sequel, that the mammoth, and
many other extinet mammalian species very common in caves,
occur also in undisturbed alluvium, embedded in such a
manner with works of art, as to leave no room for doubt
that Man and the mammoth coexisted. Such discoveries have

* Desnoyers, Bulletin de la Société Universelle d'Histoire Naturelle. Pa-
Géologique de France, tom. ii. p. 262;  ris, 1845.
and artiele on Caverns, Dictionnaire + Principles, 9th ed. p. 740.
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led me, and other geologists, to reconsider the evidence pre-
viously derived from caves brought forward in proof of
the high antiquity of Man. With a view of re-examining
this evidence, I have lately explored several caverns in
Belgium and other countries, and re-read the principal
memoirs and treatises treating of the fossil remains preserved
in them, the results of which inquiries I shall now proceed
to lay before the reader.

Researches, in 1833-1834, of Dr. Schmerling in the Caverns
near Liége.

The late Dr. Schmerling of Liége, a skilful anatomist and
paleontologist, after devoting several years to the exploring
of the numerous ossiferous caverns which border the valleys
of the Meuse and its tributaries, published two volumes,
descriptive of the contents of more than forty caverns. One
of these volumes consisted of an atlas of plates, illustrative of
the fossil bones.*

Many of the caverns had never before been entered by
scientific observers, and their floors were encrusted with
unbroken stalagmite. At a very early stage of his investiga-~
tions, Dr. Schmerling found the bones of Man so rolled and
scattered, as to preclude all idea of their having been inten-
tionally buried on the spot. He also remarked that they were
of the same colour, and in the same condition as to the amount
of animal matter contained in them, as those of the accom-
panying animals, some of which, like the cave-bear, hyzna,
elephant, and rhinoceros, were extinct; others, like the wild
cat, beaver, wild boar, roe-deer, wolf, and hedgehog, still extant.
The fossils were lighter than fresh bones, except such as had
their pores filled with carbonate of lime, in which case they

¥ Recherches sur les Ossements fos-  la Provinee de Lidge. Lidge, 1833
siles découverts dans les Cavernes de —1834,
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were often much heavier. The human remains of most
frequent occurrence were teeth detached from the jaw, and
the carpal, metacarpal, tarsal, metatarsal, and phalangial
bones separated from the rest of the skeleton. The cor-
responding bones of the cave-bear, the most abundant of
the accompanying mammalia, were also found in the Liége
caverns more commonly than any others, and in the same
scattered condition. Occasionally, some of the long bones of
mammalia were observed to bave been first broken across,
and then reunited or cemented again by stalagmite, as they
lay on the floor of the cave.

No gnawed bones nor any coprolites were found by
Schmerling. He therefore inferred that the caverns of the
province of Liége had not been the dens of wild beasts,
but that their organic and inorganic contents had been swept
into them by streams communicating with the surface of the
country. The bones, he suggested, may often have been
rolled in the beds of such streams before they reached their
underground destination. To the same agency the intro-
duction of many land-shells dispersed through the cave-mud
was ascribed, such as Helix nemoralis, H. lapicida, H. po-
matia, and others of living species. Mingled with such shells,
in some rare instances, the bones of fresh-water fish, and of a
snake (Coluber), as well as of several birds, were detected.

The occurrence here and there of bones in a very perfect
state, or of several bones belonging to the same skeleton in
natural juxtaposition, and having all their most delicate
apophyses uninjured, while many accompanying bones in the
same breccia were rolled, broken, or decayed, was accounted
for by supposing that portions of carcasses were sometimes
floated in during floods while still clothed with their flesh.
No example was discovered of an entire skeleton, not even of
one of the smaller mammalia, the bones of which are usually
the least injured. |
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The incompleteness of each skeleton was especially ascer-
tained in regard to the human subjects, Dr. Schmerling being
careful, whenevera fragment of such presented itself, to explore
the cavern himself, and see whether any other bones of the
same skeleton could be found. In the Engis cavern, distant
about eight miles to the south-west of Liége, on the left bank of
the Meuse, the remains of at least three human individuals were
disinterred. The skull of one of these, that of a young
person, was embedded by the side of a mammoth’s tooth. It
was entire, but so fragile, that nearly all of it fell to pieces
during its extraction. Another skull, that of an adult in-
dividual, and the only one preserved by Dr. Schmerling in a
sufficient state of integrity to enable the anatomist to speculate
on the race to which it belonged, was buried five feet deep
in a breccia, in which the tooth of a rhinoceros, several bones
of a horse, and some of the reindeer, together with some
ruminants, oceurred. This skull, now in the museum of
the University of Liége, is figured in Chap. V. (fig. 2, p. 81),
where further observations will be offered on its anatomical
character, after a fuller account of the contents of the Liége
caverns has been laid before the reader.

On the right bank of the Meuse, on the opposite side of
the river to Engis, is the cavern of Engihoul. Bounes of
extinct animals mingled with those of Man, were observed
to abound in both caverns; but with this difference, that
whereas in the Engis cave there were several human crania
and very few other bones, in Engihoul there occurred numerous
bones of the extremities belonging to at least three human
individuals, and only two small fragments of a cranium.
The like capricious distribution held good in other caverns,
especially with reference to the cave-bear, the most frequent
of the extinet mammalia. Thus, for example in the cave
of Chokier, skulls of the bear were few, and other parts
of the skeleton abundant, whereas in several other caverns
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these proportions were exactly reversed, while at Gof-
fontaine skulls of the bear and other parts of the skeleton
were found in their natural numerical proportions. Speaking
generally, it may be said that human bones, where any were
met with, occurred at all depths in the cave-mud and gravel,
sometimes above and sometimes below those of the bear,
elephant, rhinoceros, hysna, &o.

Some rude flint implements of the kind commonly called
flint knives or flakes, of a triangular form in the cross section
(as in fig. 14, p. 118), were found by Schmerling dispersed
generally through the cave-mud, but he was too much en-
grossed with his osteological inquiries to collect them dili-
gently. He preserved some few of them, however, which I
have seen in the museum at Liége. He also discovered in the
cave of Chokier, two and a half miles south-west from Liége, a
polished and jointed needle-shaped bone, with a hole pierced
obliquely through it at the base; such a cavity, he observed,
a3 had never given passage to an artery. This instrument
was embedded in the same matrix with the remains of a
rhinoceros.*

Another cut bone and several artificially shaped flints were
found in the Engis cave, near the human skulls before alluded
to. Schmerling observed, and we shall have to refer to the
fact in the sequel (Chap. VIII.), that although in some forty
fossiliferous caves explored by him human bones were the
exception, yet these flint implements’ were universal, and he
added that ‘none of them could have been subsequently in-
troduced, being precisely in the same position as the remains
of the accompanying animals.’ €I therefore,” he continues,
¢ attach great importance to their presence; for even if I had
not found the human bones under conditions entirely fa-
vourable to their being considered as belonging to the ante-

* Schmerling, part ii. p. 177.
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diluvian epoch, proofs of Man’s existence would still have
been supplied by the cut bones and worked flints.” *

Dr. Schmerling, therefore, had no hesitation in concluding
from the various facts ascertained by him, that Man once
lived in the Liége district contemporaneously with the cave-
bear, and several other extinct species of quadrupeds. But
he was much at a loss when he attempted to invent a
theory to explain the former state of the fauna of the region
now drained by the Meuse; for he shared the mnotion, then
very prevalent among naturalists, that the mammoth and the
hyznat were beasts of a warmer climate than that now
proper to Western Europe. In order to account for the
presence of such ¢tropical species,” he was half-inclined to
imagine that they had been transported by a flood from some
distant region; then again he raised the question whether
they might not have been washed out of an older alluvium,
which may have pre-existed in the neighbourhood. This last
hypothesis was directly at variance with his own statements,
that the remains of the mammoth and hyzna were identical
in appearance, colour, and chemical condition with those of
the bear and other associated fossil animals, none of which
exhibited signs of having been previously enveloped in any
dissimilar matrix. Another enigma which led Schmerling
astray in some of his geological speculations was the supposed
presence of the agouti, a South-American rodent, ¢ proper
to the torrid zone.” My friend M. Lartet, guided by Schmer-
ling’s figures of the teeth of this species, suggests, and I have
little doubt with good reason, that they appertain to the
porcupine, a genus found fossil in post-pliocene deposits of
certain caverns in the south of France.

In the year 1833, I passed through Liége, on my way to
the Rhine, and conversed with Dr. Schmerling, who showed

* Schmerling, part 1. p. 179. + Ibid. part ii. pp. 70, 9G.
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me. his splendid collection, and when I expressed some
incredulity respecting the alleged antiquity of the fossil
human bones, he pointedly remarked, that if I doubted their
having been eontemporaneous with the bear or rhinoceros,
-on the ground of Man being a species of more modern date,
I ought equally to doubt the coexistence of all the other
living species, such as the red deer, roe, wild cat, wild boar,
wolf, fox, weasel, beaver, hare, rabbit, hedgehog, mole, dor-
mouse, field-mouse, water-rat, shrew, and others, the bones
of which he had found scattered everywhere indiscriminately
through the same mud with the extinct quadrupeds. The
year after this conversation I cited Schmerling’s opinions,
-and the facts bearing on the antiquity of Man, in the 3rd
edition ‘of my Principles of Geology (p. 161, 1834), and in
succeeding editions, without pretending to call in question
their trustworthiness, but at the same time without giving
them the weight which I now consider they were entitled
to. He had accumulated ample evidence to prove that Man
had been introduced into the earth at an earlier period than
geologists were then willing to believe.

" One positive fact, it will be said, attested by so competent a
witness, ought to have outweighed any amount of negative
testimeny, previously accumulated, respecting ‘the non-occur-
rence- elsewhere of human remains in formations of the like
antiquity: In reply, I can only plead that a discovery which
geems to conttadict the general tenor of previous investiga-
tions is naturally received with much hesitation. To have un-
dertaken in 1832, with a view of testing its truth, to follow the
Belgian philosopher through every stage of his observations
and proofs, would have been no edsy task even for one well-
gkilled in geology and.osteology. To be let down, as Schmer-
ling was, day after day, by a rope tied to a tree, so as to slide
ta the foot of the first opening of the Engis cave,* where the

* Schmerling, parti. p. 30.
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best-preserved human skulls were found; and, after thus
gaining access to the first subterranean gallery, to creep on all
fours through a contracted passage leading to larger chambers,
there to superintend by torchlight, week after week and
year after year, the workmen who were breaking through
the stalagmitic crust as hard as marble, in order to remove
piece by piece the underlying bone-breccia nearly as hard ;
to stand for hours with one’s feet in the mud, and with
water dripping from the roof on one’s head, in order to mark
the position and guard against the loss of each single bone
of a skeleton; and at length, after finding leisure, strength,
and courage for all these operations, to look forward, as the
fruits of one’s labour, to the publication of unwelcome in-
telligence, opposed to the prepossessions of the scientific
as well as of the unscientific public;—when these circum-
stances are taken into account, we need scarcely wonder, not
only that a passing traveller failed to stop and scrutinise the
evidence, but that a quarter of a century should have elapsed
before even the neighbouring professors of the University
of Liége came forth to vindicate the truthfulness of their
indefatigable and clear-sighted countryman. '

In 1860, when I revisited Liége, twenty-six years after my
interview with Schmerling, I found that several of the
caverns described by him had in the interval been annihilated.
Not a vestige, for example, of the caves of Engis, Chokier,
and Goffontaine remained. The calcareous stone, in the
heart of which the cavities once existed, had been quarried
away, and removed bodily for building and lime-making.
Fortunately, a great part of the Engihoul cavern, situated on
the right bank of the Meuse, was still in the same state as
when Schmerling delved into it in 1831, and drew from it
the bones of three human skeletons. I determined, there-
fore, to examine it, and was so fortunate as to obtain the as-
sistance of a zealous naturalist of Liége, Professor Malaise,
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who accompanied me to the cavern, where we engaged some
workmen to break through the crust of stalagmite, so that
we could search for bones in the undisturbed earth beneath.
Bones and teeth of the cave-bear were soon found, and
several other extinet quadrupeds which Schmerling has enu-
merated. My companion, continuing the work perseveringly
for weeks after my departure, succeeded at length in ex-
tracting from the same deposit, at the depth of two faet
below the crust of stalagmite, three fragments of a human
skull, and two perfect lower jaws with teeth, all associated in
such a manner with the bones of bears, large pachyderms,
and ruminants, and so precisely resembling these in colour
and state of preservation, as to leave no doubt in-his mind
that Man was contemporary with the extinct animals. Pro-
fessor Malaise has given figures of the human remains in the
bulletin of the royal academy of Belgium for 1860.*

The rock in which the Liége caverns occur belongs gene-
rally to the carboniferous or mountain limestone, in some
few cases only to the older Devonian formation. Whenever
the work of destruction has not gone too far, magnificent
sections, sometimes 200 and 300 feet in height, are exposed
to view. They confirm Schmerling’s doctrine, that wost of
the materials, organic and inorganic, now filling the caverns,
have been washed into them through narrow vertical or
oblique fissures, the upper extremities 6f which are choked
up with soil and gravel, and would scarcely ever be discover-
able at the surface, especially in so wooded a country. Among
the sections obtained by quarrying, one of the finest which I
saw was in the beautiful valley of Fond du Forét, above
Chaudefontaine, not far from the village of Magnée, where
one of the rents communicating with the surface has been
filled up to the brim with rounded and half-rounded stones,

* Tom. x. p. 546.
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angular pieces of limestone and shale, besides sand and mud,
together with bones, chiefly of the cave-bear. Connected with
this main duct, which is from one to two -feet in width, are
several minor ones, each from one to three inches wide, also
extending to the upper country or table-land, and choked up
with similar materials. They are inclined at angles of 30°
and 40° their walls being generally coated with stalactite,
pieces of which have here and there been broken off and
mingled with the contents of the rents, thus helping to
explain why we so often meet with detached pieces of that
substance in the mud and breccia of the Belgian caves. It is
not easy to conceive that a solid horizontal floor of hard
stalagmite should, after its formation, be broken up by run-
ning water ; but when the walls of steep and tortuous rents,
serving as feeders to the principal fissures and to inferior
vaults and galleries are encrusted with stalagmite, some of
the incrustation may readily be torn up when heavy fragments
of rock are hurried by a flood through passages inclined at
angles of 30° or 40°.

The decay and decomposition of the fossil bones seem to
have been arrested in most of the caves by a constant sup-
ply of water charged with carbonate of lime, which dripped
from the roofs while the caves were becoming gradually filled
up. By similar agency the mud, sand, and pebbles were
‘usually consolidated.

The following explanation of this phenomenon has been
suggested by the eminent chemist Liebig. On the surface of
Franconia, where the limestone abounds in caverns, is a
fertile soil in which vegetable matter is continually decaying.
This mould or bumus, being acted on by moisture and air,
evolves carbonic acid, which is dissolved by rain. The rain-
water, thus impregnated, permeates the porous limestone,
dissolves a portion of it, and afterwards, when the excess of ’
carbonic acid evaporates in the caverns, parts with the
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calcareous matter and forms stalactite. So long as water
‘flows, even occasionally, through a suite of caverns, no layer
of pure stalagmite can be produced ; hence the formation of
such a layer is generally an event posterior in date to the
cessation of the old system of drainage, an event which might
be brought about by an earthquake causing new fissures, or
by the river wearing its way down to a lower level, and
thenceforth running in a new channel.

In all the subterranean cavities, more than forty in num-
ber, explored by Schmerling, he only observed one cave,
namely that of Chokier, where there were two regular layers
of stalagmite, divided by fossiliferous cave-mud. In this
instance, we may suppose that the stream, after flowing for
a long period at one level, cut its way down to an inferior
suite of caverns, and, flowing through them for centuries,
choked them up with debris ; after which it rose once more
to its original higher level: just as in the mountain limestone
district of Yorkshire some rivers, habitually absorbed by a
< swallow hole,” are occasionally unable to discharge all their
water through it; in which case they rise and rush through
a higher subterranean passage, which was at some former
period in the regular line of drainage, as is often attested
by the fluviatile gravel still contained in it.

There are now in the basin of the Meuse, not, far from Liége,
several examples of engulfed brooks and rivers: some of
them, like that of St. Hadelin, east of Chaudefontaine, which
reappears after an underground course of a mile or two;
others, like the Vesdre, which is lost near Goffontaine, and
after a time re-emerges; some, again, like the torrent near
Magnée, which, after entering a cave, never again comes to
the day. In the season of floods such streams are turbid at
their entrance, but clear as a mountain-spring where they
issue again ; so that they must be slowly filling up cavities
in the interior with mud, sand, pebbles, snail-shells, and
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the bones of animals which may be carried away during
floods.

The manner in which some of the large thigh and shank
bones of the rhinoceros and other pachyderms are rounded,
while some of the smaller bones of the same creatures, and
of the hywena, bear, and horse, are reduced to pebbles, shows
that they were often transported for some distance in the
channels of torrents, before they found a resting-place.

When we desire to reason or speculate on the probable
antiquity of human bones found fossil in such situations as
the caverns near Liége, there are two classes of evidence to
which we may appeal for our guidance. First, considerations
of the time required to allow of many species of carnivorous
and herbivorous animals, which flourished in the cave period,
becoming first scarce, and then so entirely extinct as we
Lave seen that they had become before the era of the Danish
peat and Swiss lake dwellings: secondly, the great number
of centuries necessary for the conversion of the physical
geography of the Liége district from its ancient to its present
configuration ; so many old underground channels, through
which brooks and rivers flowed in the cave period, being now
laid dry and choked up.

The great alterations which have taken place in the shape
of the valley of the Meuse and some of its tributaries
are often demonstrated by the abrupt manner in which the
mouths of fossiliferous caverns open in the face of perpen-
dicular precipices 200 feet or more in height above the
present streams. There appears also, in many cases, to be
such a correspondence in the openings of caverns on opposite
sides of some of the valleys, both large and small, as to
incline one to suspect that they originally belonged to a
series of tunnels and galleries which were continuous hefore
the present system of drainage came into play, or before the
existing valleys were scooped out. Other signs of subsequent
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fluctuations are afforded by gravel containing elephant’s
bones at slight elevations above the Meuse and several of its
tributaries. The loess also, in the suburbs and neighbour-
hood of Liége, occurring at various heights in patches lying
at between 20 and 200 feet above the river, cannot be
explained without supposing the filling up and re-excavation
of the valleys at a period posterior to the washing in of the
animal remains into most of the old caverns. It may be
objected that, according to the present rate of change, no
lapse of ages would suffice to bring about such revolutions
in physical geography as we are here contemplating. This
may be true. It is more than probable that the rate of
change was once far more active than it is now in the basin
of the Meuse. Some of the nearest volcanoes, namely, those
of the Lower Eifel about sixty miles to the eastward, seem
to have been in eruption in post-pliocene times, and may
perhaps have been connected and coeval with repeated risings
or sinkings of the land in the Liége district. It might be
said, with equal truth, that according to the present course
of events, no series of ages would suffice to reproduce such
an assemblage of cones and craters as those of the Eifel (near
Andernach for example); and yet some of them may be of
sufficiently modern date to belong to the era when Man was
contémporary with the mammoth and rhinoceros in the
basin of the Meuse.

But, although we may be unable to estimate the minimum
of time required for the changes in physical geography above
alluded to, we cannot fail to perceive that the duration of
the period must have been very protracted, and that other ages
of comparative inaction may have followed, separating the
post-pliocene from the historical periods, and constituting
an interval no less indefinite in its duration.
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CHAPTER V.

POST-PLIOCENE PERIOD — FOSSIL HUMAN SKULLS OF THE
: NEANDERTHAL AND ENGIS CAVES.

HUMAN SKELETON FOUND IN CAVE NEAR DUSSELDORF— ITS GEOLOGICAL
POSITION AND PROBABLE AGE — ITS ABNORMAL AND APE-LIKE CHA-
RACTERS — FOSSIL HUMAN SKULL OF THE ENGIS CAVE NEAR LIEGE —
PROFESSOR HUXLEY'S DESCRIPTION OF THESE SKULLS — COMPARISON
OF TACH, WITH EXTREME VARIETIES OF THE NATIVE AUSTRALIAN
RACE — RANGE OF CAPACITY IN THE HUMAN AND SIMIAN BRAINS —
SKULL FROM BORREBY IN DENMARK —CONCLUSIONS OF PROFESSOR
HUXLEY —BBARING OF THE PECULIAR CHARACTERS OF THE NEAN-
DERTHAL SKULL ON THE HYPOTHESIS OF TRANSMUTATION.

Fossil human Skeleton of the Neanderthal Cave near
Diisseldorf.

BEFORE I speak more particularly of the opinions which
anatomists have expressed respecting the osteological
characters of the human skull from Engis, near Liége,
mentioned in the last chapter and described by Dr. Schmer-
ling, it will be desirable to say something of the geological
position of another skull, or rather skeleton, which, on
account of its peculiar conformation, has excited no small
sensation in the last few years. I allude to the skull found
in 1857, in a cave situated in that part of the valley of the
Diissel, near Diisseldorf, which is called the Neanderthal.
The spot is a deep and narrow ravine about seventy English
miles north-east of the region of the Liége caverns treated
of in the last chapter, and close to the village and railway
station of Hochdal between Diisseldorf and Elberfeld. The
cave occurs in the precipitous southern or left side of the
winding ravine, about sixty feet above the stream, and a
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hundred feet below the top of the cliff. The accompanying
section will give the reader an idea of its position.

Section of the Neanderthal Cave near Diisseldorf.

a Civern 60 feet above the Diissel, and 100 feet below the surface
_ of the country at c.
b Loam covering the floor of the cave near the bottom of which the
~ human skeleton was found.
b, ¢ Rent connecting the cave with the upper surface of the country.
@ Superficial sandy loam.

¢ Devonian limestone.
J Terrace, or ledge of rock.

When Dr. Fuhlrott of Elberfeld first examined the cave,
he found it to be high enough to allow a man to enter.
The width was seven or eight feet, and the length or depth
fifteen. I visited the spot in 1860, in company with Dr.
Fuhlrott, who had the kindness to come expressly from
Elberfeld to be my guide, and who brought with him the
original fossil skull, and a cast of the same, which he pre-
sented to me. In the interval of three years, between 1857
and 1860, the ledge of rock, f, on which the cave opened,
and which was originally twenty feet wide, had been almost
entirely quarried away, and, at the rate at which the work
of dilapidation was proceeding, its complete destruction
seemed near at hand,

In the limestone are many fissures, one of which, still
partially filled with mud and stones, is represented in the
section at @ ¢ as continuous from the cave to the upper
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surface of the country. Through this passage the loam,
and possibly the human body to which the bones belonged,
may have been washed into the cave below. The loam,
which covered the uneven bottom of the cave, was sparingly
mixed with rounded fragments of chert, and was very similar
in composition to that covering the general surface of that
region.

There was no crust of stalagmite overlying the mud in
which the human skeleton was found, and no bones of other
animals in the mud with the skeleton; but just before our
visit in 1860 the tusk of a bear bad been met with in some
mud in a lateral embranchment of the cave, in a situation
precisely similar to b, fig. 1, and on a level corresponding
with that of the human skeleton. This tusk, shown us by
the proprietor of the cave, wastwo and a half inches long and
quite perfect; but whether it was referable to a recent or
extinet species of bear, I could not determine.

From a printed letter of Dr. Fuhlrott we learn that on
removing the loam, which was five feet thick, from the cave,
the human skull was first noticed near the entrance, and,
further in, the other bones lying in the same horizontal
plane. It is supposed that the skeleton Wwas complete, but
the workmen, ignorant of its value, scattered and lost most
of the bones, preserving only the larger ones.*

The cranium, which Dr. Fuhlrott showed me, was covered
both on its outer and inner surface, and especially on the
latter, with a profusion of dendritical crystallisations, and
some other bones of the skeleton were ornamented in the
same way. These markings, as Dr. Hermann von Meyer
observes, afford no sure criterion of antiquity, for they have
been observed on Roman bones. Nevertheless, they are
more common in bones that have been long embedded in

- * Tuhlrott, Letter to Professor Schaaffhansen, cited Natural History Review,
No. 2, p. 156. See also Naturhistorisch Vereins Bonn, 1859.
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the earth. The skull and bones, moreover, of the Neander-
thal skeleton had lost so much of their animal matter ag
‘to adhere strongly to the tongue, agreeing in this respect
with the ordinary condition of fossil remains of the post-
pliocene period. On the whole, I think it probable that this
fossil may be of about the same age as those found by
Schmerling in the Liége caverns; but, as no other animal
remains were found with it, there is no proof that it may not
be newer. Its position lends no countenance whatever to the
supposition of its being more ancient,

When the skull and other parts of the skeleton were
first exhibited at a German scientific meeting at Bonn, in
1857, some doubts were expressed by several naturalists,
whether it was truly human. Professor Schaaffhausen,
who, with the other experienced zoologists, did not share
these doubts, observed that the cranium, which included
the frontal bone, both parietals, part of the squamous, and
the upper third of the occipital, was of unusual size and
thickness, the forehead narrow and very low, and the pro-
jection of the supra-orbital ridges enormously great. He
also stated that the absolute and relative length of the thigh
bone, humerus, radius, and ulna, agreed well with the di-
mensions of a European individual of like stature at the
present day; but that the thickness of the bones was very
extraordinary, and the elevation and depression for the at-
tachment of muscles were developed in an unusunal degree.
Some of the ribs, also, were of a singularly rounded shape
and abrupt curvature, which was supposed to indicate great
power in the thoracic muscles.*

In the same memoir, he Prussian anatomist remarks that
the depression of the forehead, see fig. 3, p. 82, is not due
to any artificial flattening, such as is practised in various

¥ Professor Schaaffhausen’s Memoir, translated, Natural History Review,
No. 2, April 1861,
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modes by barbarous nations in the Old and New World,
the skull being quite symmetrical, and showing no indication
of counter-pressure at the occiput; whereas, according to
Morton, in the Flat-heads of the Columbia, the frontal and
parietal bones are always unsymmetrical.* On the whole,
Professor Schaaffhausen concluded that the individual to
whom the Neanderthal skull belonged must have been dis-
tinguished by small cerebral development, and uncommon
strength of corporeal frame.

When on my return to England I showed the cast of the
cranium to Professor Huxley, he remarked at once that it
was the most ape-like skull he had ever beheld. Mr. Busk,
after giving a translation of Professor Schaaffhausen’s me-
moir in the Natural History Review,{ added some valuable
comments of his own on the characters in which this skull
approached that of the gorilla and chimpanzee.

Professor Huxley afterwards studied the cast with the
object of assisting me to give illustrations of it in this work,
and in doing so discovered what bad not previously been
observed, that it was quite as abnormal in the shape of its
occipital as in that of its frontal or superciliary region.
Before. citing his words on the subject, I will offer a few
remarks on the Engis skull which the same anatomist has
compared with that of the Neanderthal.

Fossil Skull of the Engis Cave near Liége.

Among six or seven human skeletons, portions of which
were collected by Dr. Schmerling from three or four caverns
near Liége, embedded in the same matrix with the remains of
the elephant, rhinoceros, bear, hyzna, and other extinct qua-
drupeds, the most perfect skull, as I have before stated, p. 65,
was that of an adult individual found in the cavern of Engis.

* Natural History Review, No. 2, p. 160. t No. 2, 1861.
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This skull, Dr. Schmerling figured in his work, observing
that it was too imperfect to enable the anatomist to detep-
mine the facial angle, but that one might infer, from the
narrowness of the frontal portion, that it belonged to an in-
dividual of small intellectual development. He speculated
on its Ethiopian affinities, but not confidently, observing
truly that it would require many more specimens to enable
an anatomist to arrive at sound conclusions on such a point.
M. Geoffroy St. Hilaire and other osteologists, who examined
the specimen, denied that it resembled a negro’s skull. When
I saw the original in the museum at Liége, I invited Dr.
Spring, one of the professors of the university, to whom we
are indebted for a valuable memoir on the human bones
found in the cavern of Chauvaux near Namur, to have a
cast made of this Engis skull. He not only had the kind-
ness to comply with my request, but rendered a service to
the scientific world by adding to the original cranium
several detached fragments which Dr. Schmerling had ob-
tained from Engis, and which were found to fit in exactly,
so that the cast represented at fig. 2 is more complete than
that given in the first plate of Schmerling’s work. It exhibits
on the right side the position of the auditory foramen (see
fig. 6, p. 88), which was not included in Schmerling’s figure.
Mr. Busk, when he saw this cast, remarked to me that,
although the forehead was, as Schmerling had truly stated,
gsomewhat narrow, it might nevertheless be matched by the
skulls of individuals of Europea.ﬁ race, an observation since
fully borne out by measurements, as will be seen in the sequel.

OBSERYVATIONS BY PROFESSOR HUXLEY ON THE HUMAN SKULLS
OF ENGIS AND THE NEANDERTHAL.

¢The Engis skull, as originally figured by Professor Schmerling,
was in a very imperfect state; but other fragments have since been
added to it by the care of Dr. Spring, and the cast upon which my
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observations are based (fig. 2) exhibits the frontal, parietal, and
occipital regions, as far as the middle of the occipital foramen, with
the squamous and mastoid portions of the right temporal bone
entire, or nearly so, while the left temporal bone is wanting. From
the middle of the occipital foramen to the middle of the roof of each
orbit, the base of the skull is destroyed, and the facial bones are
entirely absent.

Fig. 2

Side view of the cast of part of a human skull found by Dr. Schmerling
embedded amongst the remains of extinet mammalia in the cave of Engis, near

Licge.
a Sapereiliary ridge and glabella. ¢ The apex of the Jambdoidal suture.
b Covonal suture. d The oceipital protuberance.

‘ The extreme length of the skull is 7-7 inches, and as its extreme
breadth is not move than 523, its form is deeidedly dolichoeephalie.
At the same time its height (43 inclies from the plane of the
glabello-oceipital line (a ) to the vertex) is good, and the forehead
is well arched; so that while the horizontul circumterence of the
skull is about 20% inches, the longitudinal arc from the nasal spine of
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the frontal bone to the occipital protyberance (d) measures about 133
inches. The transverse arc from one auditory foramen to the other
across the middle of the sagittal suture measures about 13 inches,
The sagittal suture (b ¢) is 53 inches in length. The superciliary
prominences are well, but not excessively, developed, and are sepa-
rated by a median depression in the _region of the glabella. They
indicate large frontal sinuses. If a line joining the glabella and
the occipital protuberance (@ d) be made horizontal, no part of the
occiput projects more than y5th of an inch behind the posterior ex-
tremity of that line; and the upper edge of the auditory foramen
is almost in contact with the same line, or rather with one drawn
parallel to it on the outer surface of the skull.

Fig. 3

Side view of the cast of a part of a human skull from a cave in the Neanderthal
near Diisseldorf.

a The superciliary ridge and glabella. ¢ The apex of the lambdoidal suture.
b The coronal suture. d The occipital protuberance.

¢ The Neanderthal skull, with which also I am acquainted only by
means of Professor Schaaffhausen’s drawings of an excellent cast and
of photographs, is so extremely different in appearance from the Engis
cranium, that it might well be supposed to belong to a distinct race
of mankind. It is 8 inches in extreme length and 575 inches in
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oxtreme breadth, but only measures 3'4 inches from the glabello-
occipital line to the vertex. The longitudinal arc, measured as
above, is 12 inches; the transverse arc cannot be exactly ascer-
tained, in consequence of the absence of the temporal bones, but
was probably about the same, and certainly exceeded 10} inches.
The horizontal circumference is 23 inches. This great circum-
ference arises largely from the vast development of the super-
ciliary ridges, which are occupied by great frontal sinuses whose
inferior apertures are displayed exceedingly well in one of Dr

Fig. 4

et o

Outline of the skull of an adult Chimpanzee, of that from the Neanderthal,
and of that of 2 European, drawn to the same absolute size, in order better to
exhibit their relative differences.  The superciliary region of the Neanderthal
skull appears less prominent than in fig. 3, as the contours are all tuken along
the middle line where the superciliary projection of the Neanderthal skull is
least marked.

a The glabella.

b The occipital protuberance, or the point on the exterior of each skull
which corresponds roughly with the attachment of the tentorium,
or with the inferior boundary of the posterior cerebral lobes.

Fuhlrott's photographs, and form a continuous transverse prominence,
somewhat excavated in the middle line, across the lower part of the
brows. In consequence of this structure, the forchead appears still
lower and more retreating than it really is. To an anatomical eye
the posterior part of the skull is even more striking than the an-
terior. The occipital protuberance occupies the extreme posterior
end of the skull when the glabello-occipital line is made horizontal,
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and so far from any part of the occipital region exteanding beyond
it, this region of the skull slopes obliquely upward and forward, so
that the lambdoidal suture is situated well upon the upper surface
of the cranium. At the same time, notwithstanding the great length
of the skull, the sagittal suture is remarkably short (4} inches), and
the squamosal suture is very straight.

‘In human skulls, the superior curved ridge of the occipital bone
and the oeccipital protuberance correspond, approximatively, with
the level of the tentorium and with the lateral sinuses, and con-
sequently with the inferior limit of the posterior lobes of the brain.
At first, I found some difficulty in believing that a human brain
could have its posterior lobes so flattened and diminished as must
have been the case in the Neanderthal man, supposing the ordi-
nary relation to obtain between the superior occipital ridges and the
tentorium; but .on my application, through Sir Charles Lyell,
Dr. Fuhlrott, the possessor of the skull, was good enough not only to
ascertain the existence of the lateral sinuses in their ordinary posi-
tion, but to send :convinecing proofs of the fact, in excellent photo-
graphic views of the interior of the skull, exhibiting clear indications
of these sinuses.

¢ There can be mo doubt that, as Professor Schaaffhausen and
Mr. Busk have stated, this skull is the most brutal of all known
human skulls, resembling those of the apes not only in the prodigious
development of the superciliary prominences and the forward ex-
tension of the orbits, but still more in the depressed form of the
brain-case, in the straightness of the squamosal suture, and in
the complete retreat of the ‘oceiput forward and upward, from the
superior occipital ridges.

¢ But the cranium, in its present condition, is stated by Professor
Schaaffhausen to contain 1033:24 cubic centimeters of water, or, in
other words, about 63 English cubicinches. As the entire skull could
hardly have held less than 12 cubic inches more, its minimum
capacity may be estimated at 75 cubic inches. The most capacious
healthy European skull yet measured had a capacity of 114 cubic
inches, the smallest (as estimated by weight of brain) about 55
cubic inches, while, according to Professor Schaaffhausen, some
Hindoo skulls have as small a capacity as about 46 cubic inches
(27 oz. of water). The largest cranium of any Gorilla yet mea-
sured contained 34'5 cubic inches. The Neanderthal cranium
stands, therefore, in capacity, very nearly on a level with the mean
of the two human extremes, and very far above the pithecoid

¢ Hence, even in the absence of the bones of the arm and thigh,
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which, according to Professor Schaaffhausen, had the precise propor-
tions found in Man, although they were much stouter than ordinary
human bones, there could be no reason for ascribing this cranium
to anything but a man; while the strength and development of the
muscular ridges of the limb-bones are characters in perfect accord-
ance with those exhibited, in a miner degree, by the hounes of such
hardy savages, exposed to a rigorous climate, as the Patagonians,

¢ The Neanderthal cranium has certainly not undergone compression,
and, in reply to the suggestion that the skull is that of an idiot, it
may be urged that the onus proband:i lies with those who adopt the
hypothesis. Idiotcy is compatible with very various forms and ca-
pacities of the cranium, but I know of none which present the least
resemblance to the Neanderthal skull; and, furthermore, I shall pro-
ceed to show that the latter manifests but an extreme degree of &
stage of degradation exhibited, as a natural condition, by the crania
of certain races of mankind.

¢ Mr. Busk drew my attention, some time ago, to the resemblance
between some of the skulls taken from tumuli of the stone period at
Borreby in Denmark, of which Mr. Busk possesses numerons accurate
figures, and the Neanderthal cranium. One of the Borreby skulls
in partieular (fig. 5, p. 86) has remarkably prejeecting superciliary
ridges, a retreating forehead, a low flattened vertex, and an oeceiput
which shelves upward and forward. But the skull is relatively higher
and breader, or more brachycephalie, the sagittal suture longer,
and the superciliary ridges less projecting, than in the Neanderthal
skull. Nevertheless, there is, without doubt, much resemblance in
character between the two skulls,—a circumstance which is the
more interesting, since the other Borreby skulls have better fore-
heads and less prominent superciliary ridges, and exhibit altogether
a higher eonformation.

* The Borreby skulls belong to the stone period of Denmark, and
the people to whom they appertained were probably either contem-
poraneous with, or later than, the makers of the ¢ refuse-heaps” of
that country. In other words, they were subsequent to the last great
physical changes of Europe, and were contemporaries of the urus
and bison, not of the Elephas primigenius, Rhinoceros tichorhinus, and
Hyena spelea.

¢ Supposing for a moment, what is net proven, that the Neanderthal
skull belonged to a race allied te the Borreby people and was as
modern as they, it would be separated by as great a distance of time
as of anatomical character from the Engis skull, and the possibility of
its belonging to a distinct race from the latter might reasonably
appear to be greatly heightened.
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“To prevent the possibility of reasoning in a vicious circle, how-

ever, I thought it would be well to endeavour to ascertain what
amount of cranial variation is to be found in a pure race at the present

Fig. 5

Skull associated with ground flint implements, from a tumulus at Borreby in
Dénmark, after a camera lucida drawing by Mr. G. Busk, F.R.S. The thick
dark line indicates so much of the skull as corresponds with the fragment from
the Neanderthal., _

a Superciliary ridge, ¢ The apex of the lambdoidal suture,
& Coronal suture. @ The oceipital protuberance.

¢ The -aud'itory foramen,
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day; and as the natives of Southern and Western Australia are
probably as pure and homogeneous in blood, customs, and language,
as any race of savages in existence, I turned to them, the more
readily as the Hunterian museum contains a very fine collection of
such skulls.

¢ I soon found it possible to select from among these crania two(con-
nected by all sorts of intermediate gradations), the one of which should
very nearly resemble the Engis skull, while the other should some-
what less closely approximate the Neanderthal cranium in form, size,
and proportions. And at the same time others of these skulls pre-
sented no less remarkable aflinities with the low type of Borreby
skull.

¢ That the resemblances to which I allude are by no means of a
merely superficial character, is shown by the accompanying diagram
(fig. 6, p. 88), which gives the contours of the two ancient and of
one of the Australian skulls, and by the following table of measure-

ments.

A B C D E F
Engis . .| 20} 133 | 123 43 73 53
Australian, No. 1| 204 13 12 43 74 b
Australian, No.2 | 22 124 | 108 3% | 79 53
Neanderthal . 23 12 10 3% 8 5%

A The horizontal circumference in the plane of a line joining the glabella
with the oceipital protuberance.

B The longitudinal are from the nasal depression along the middle line of
the skull to the oecipital tuberosity.

¢ From the level of the glabello-oceipital line on each side, across the
middle of the sagittal suture to the same point on the opposite side.

D The vertical height from the glabello-oceipital line.

E The extreme longitudinal measurement.

¥ The extreme transverse measurement.¥*

¢ The question whether the Engis skull has rather the character of
one of the high races or of one of the lower has been much disputed,
but the following measurements of an English skull, noted in the cata-
logue of the Hunterian museum as typically Caucasian (see fig. 4),
will serve to show that both sides may be right, and that cranial
measurements alone afford no safe indication of race.

* I bave taken the glabello-oceipital ~ cumference of the English skull lies
line as a base in these measurements, in a plane considerably above that of
simply because it enables me to com-  the glabello-oceipitalline, and amounts
pare oll the skulls, whether fragments  to twenty-two inches.
or entire, together. The greatest cir-
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. - A B C D E F

Enghih . .| o1 |13 | | o | on | 5|
- ¢In making the preceding statement, it must be clearly understood
that I neither desire to affirm that the Engis and Neanderthal skulls
belong to the Australian race, nor to assert even that the anecient

Fig. 6

o™

e
Outlines of the skull from the Neanderthal, of an Australian skull from Port
Adelaide, and of the skull from the Cave of Engis, drawn to the same absolute
length, in order the better to contrast their proportions.

a b As in figure 4, p. 80.
e The position of the anditory foramen of the Engis skull.

skulls belong to one and the same race, so far as race is measured by
language, colour of skin, or character of hair. Against the con-
clusion that they are of the same race as the Australians various
minor anatomical differences of the ancient skulls, such as the great
development of the frontal sinuses, might be urged ; while against
the supposition of either the identity, or the diversity, of race of the
two arises the known independence of the variation of cranium on
the one hand, and of hair, colour, and language on the other.

¢ But the amount of variation of the Borreby skulls, and the fact
that the skulls of one of the purest and most homogeneous of existing
races of men can be proved to differ from one another in the same
characters, though perhaps not quite to the same extent, as the Engis
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and Neanderthal skulls, seem to me to prohibit any eautious reasoner
from aflirming the latter to have been necessarily of distinct races.

¢ The marked resemblances between the ancient skulls and their
modern Australian analogues, however, have a profound interest,
when it is recollected that the stone axe is as much the weapon and
the implement of the modern as of the ancient savage; that the
former turns the bones of the kangaroo and of the emu to the same
account as the latter did the bones of the deer and the urus; that
the Australian heaps up the shells of devoured shellfish in mounds
which represent the ‘“ refuse-heaps” or “ Kjokkenmiddings,” of Den-
mark ; and, finally, that, on the other side of Torres Straits, a race
akin to the Australians are among the few people who now build
their houses on pile-works, like those of the ancient Swiss lakes.

¢ That this amount of resemblance in habit and in the conditions of
existence is accompanied by as close a resemblance in cranial con-
figuration, illustrates on a great scale that what Cuvier demonstrated
of the animals of the Nile valley is no less true of men; circum-
stances remaining similar, the savage varies little more, it would
seem, than the ibis or the crocodile, especially if we take into ac-
count the enormous extent of the time over which our knowledge of
man now extends, as compared with that measured by the duration
of the sepulchres of Egypt.

‘ Finally, the comparatively large cranial capacity of the Neander-
thal skull, overlaid though it may be by pithecoid bony walls, and
the completely human proportions of the accompanying limb-bones,
together with the very fair development of the Engis skull, clearly
indicate that the first traces of the primordial stock vhence Man has
proceeded need no longer be sought, by those who entertain any form
of the doctrine of progressive development, in the newest tertiaries ;
but that they may be looked for in an epoch more distant from the
age of the Elephas primigenius than that is from us.’

The two skulls which form the subject of the preceding
comments and illustrations have given rise to nearly an
equal amount of surprise for opposite reasons; that of Engis
because being so unequivocally ancient, it approached so
near to the highest or Caucasian type ; that of the Neander-
thal, because, having no such decided claims to antiquity, it
departs so widely from the normal standard of humanity.
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Professor Huxley’s observation regarding the wide range of
variation, both as to shape and capacity, in the skulls of so
pure a race as the native Australian, removes to no small
extent this supposed anomaly, assuming what though not
proved is very probable, that both varieties coexisted in the
post-pliocene period in Western Europe.

As to the Engis skull, we must remember that although
associated with the elephant, rhinoceros, bear, tiger, and
hyzna, all of extinct species, it nevertheless is also accom-
panied by a bear, stag, wolf, fox, beaver, and many other
quadrupeds of species still living. Indeed many eminent
paleontologists, and among them Professor Pictet, think that,
numerically considered, the larger portion of the mammalian
fauna agrees specifically with that of our own period, so that
we are scarcely entitled to feel surprised if we find human
races of the post-pliocene epoch undistinguishable from some
living ones. It would merely tend to show that Man has
been as constant in his osteological characters as many other
mammalia now his contemporaries. The expectation of
always meeting with a lower type of human skull, the older
the formation in which it occurs, is based on the theory of
progressive development, and it may prove to be sound;
nevertheless we must remember that as yet we have no dis-
tinct geological evidence that the appearance of what are
called the inferior races of mankind has always preceded in
chronological order that of the higher races.

It is now admitted that the differences between the brain
of the highest races of Man and that of the lowest, though
less in degree, are of the same order as those which separate
the human from the simian brain;* and the same rule
holds good in regard to the shape of the skull. The average
Negro skull differs from that of the European in having a

* Natural History Review, 1861, p. 8.
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more receding forehead, more prominent superciliary ridges,
and more largely developed prominences and furrows for
the attachment of muscles; the face also, and its lines, are
larger proportionally. The brain is somewhat less voluminous
on the average in the lower races of mankind, its convolu-
tions rather less complicated, and those of the two hemi-
spheres more symmetrical, in all which points an approach
is made to the simian type. It will also be seen, by reference
to the late Dr. Morton’s works, and by the foregoing state-
ments of Professor Huxley, that the range of size or capacity
between the highest and lowest human brain is greater than
that between the highest simian and lowest human brain;
but the Neanderthal skull, although in several respects it ig
more ape-like than any human skull previously discovered,
is, in regard to volume, by no means contemptible.

Eminent anatomists have shown that in the average pro-
portions of some of the bones the Negro differs from the
European, and that in most of these characters, he makes a
slightly nearer approach to the anthropoid quadrumana;*
but Professor Schaaffhausen has pointed out that in these
relatively, a little longer; the foot is

an eighth, and the hand a twelfth
longer than in the European. It is

* ¢The inferior races of mankind
exhibit proportions which are in many
rospects intermediate between the

higher, or European, orders, and the
monkeys. Inthe Negro, for instance,
the stature is less than in the Euro-
pean. The cranium, asis well known,
bears a small proportion to the face.
Of the extremities the upper are pro-
portionately longer, and there is, in
both upper and lower, a less marked
preponderance of the proximal over the
distal segments. For instance, in the
Negro, the thigh and arm are rather
shorter than in the European; the leg
is actually of equal length in both
races, and is therefore, relatively, a
little longer in the Negro; the fore-arm
in the latter is actually, as well as

well known that the foot is less well
formed in the Negro than in the
European. The arch of the instep,
the perfect conformation of which is
essential to steadiness and ease of
gait, is less elevated in the former
than in the latter. The foot is
thereby rendered flatter as well as
longer, more nearly resembling the
monkey’s, between which and the
European, there is a marked differ-
ence in this particular. — From ‘A
Treatise on the Human Skeleton,” by
Dr. Humphry, Lecturer on Surgery
and dAnatomy in the Cambridge Uni-
versity Medical School, p. 91.
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proportions the Neanderthal skeleton does not differ from
the ordinary standard, so that the skeleton by no means
indicates a transition between Homo and Pithecus.

There is doubtless, as shown in the diagram fig. 4, a

nearer resemblance in the outline of the Neanderthal skull
to that of a chimpanzee than had ever been observed before
in any human cranium ; and Professor Huxley’s description
of the occipital region shows that the resemblance is not
confined to the mere excessive prominence of the superciliary
ridges.
" The direct bearing of the ape-like character of the Nean-
derthal skull on Lamarck’s doctrine of progressive develop-
ment and transmutation, or on that modification of it which
has of late been so ably advocated by Mr. Darwin, consists
in this, that the newly observed deviation from a normal
standard of human structure is not in a casual or random
direction, but just what might have been anticipated if the
laws of variation were such as the transmutationists require.
For if we conceive the cranium to be very ancient, it exem-
plifies a less advanced stage of progressive development
and improvement. If it be a comparatively modern race,
owing its peculiarities of conformation to degeneracy, it is an
illustration of what botanists call ‘atavism,’ or the tendency
of varieties to revert to an ancestral type, which type, in
proportion to its antiquity, would be of lower grade. To
this hypothesis, of a genealogical connection between Man
and the lower animals, I shall again allude in the concluding
chapters, '
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CHAPTER VL

POST-PLIOCENE ALLUVIUM AND CAVE DEPOSITS WITH
FLINT IMPLEMENTS.

GENERAL POSITION OF DRIFT WITH EXTINCT MAMMALIA IN VALLEYS
— DISCOVERIBES OF M. BOUCHER DE PERTHES AT ABBEVILLE — FLINT
IMPLEMENTS FOUND ALSO AT ST. ACHEUL, NEAR AMIENS — CURIOSITY
AWAKENED BY THE SYSTEMATIC EXPLORATION OF THE BRIXHAM CAVE —
FLINT KNIVES IN SAME, WITH BONES OF EXTINCT MAMMALIA — SUPER-
POSITION OF DEPOSITS IN THE CAVE — VISITS OF ENGLISH AND FRENCH
GEOLOGISTS TO ABBEVILLE AND AMIENS.

Post-pliocene Alluvium containing Flint Implements in
the Valley of the Somme.

HROUGHOUT a large part of Europe we find at mode-
rate elevations above the present river-channels, usually
at a height of less than forty feet but sometimes much
higher, beds of gravel, sand, and loam containing bones of
the elephant, rhinoceros, horse, ox, and other quadrupeds,
some of extinct, others of living, species, belonging for the
most part to the fauna already alluded to in the fourth chapter
as characteristic of the interior of caverns. The greater part
of these deposits contain fluviatile shells, and have un-
doubtedly been accumulated in ancient river-beds. These
old channels have long since been dry, the streams which
once flowed in them having shifted their position, deepening
the valleys, and often widening them on one side.

It has naturally been asked, if Man coexisted with the
extinct species of the caves, why were his remains and the
works of his hands never embedded outside the caves in
ancient river-gravel containing the same fossil fauna? Why
should it be necessary for the geologist to resort for evidence



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm
L POST-PLIOCENE ALLUVIUM OF THE SOMME. CHAP. vI,

of the antiquity of our race to the dark recesses of under-
ground vaults and tunnels, which may have served as places
of refuge or sepulture to a succession of human beings and
wild animals, and where floods may have confounded to-
gether in one breccia the memorials of the fauna of more
than one epoch? Why do we not meet with a similar as-
semblage of the relics of Man, and of living and extinct
quadrupeds, in places where the strata can be thoroughly
scrutinised in the light of day ?

Recent researches have at length demonstrated that such
memorials, so long sought for in vain, do in fact exist, and
their recognition is the chief cause of the more favourable
reception now given to the conclusions which MM. Tournal,
Christol, Schmerling, and others, arrived at thirty years ago
respecting the fossil contents of caverns.

A very important step in this new direction was made
thirteen years after the publication of Schmerling’s ¢Re-
searches,’ by M. Boucher de Perthes, who found in ancient
alluvium at Abbeville, in Picardy, some flint implements,
the relative antiquity of which was attested by their geologi-
cal position. The antiquarian knowledge of their discoverer
enabled him to recognise in their rude and peculiar type a
character distinct from that of the polished stone weapons
of a later period, usually called €celts’ In the first
volume of his ¢ Antiquités Celtiques,” published in 1847,
M. Boucher de Perthes styled these older tools ¢ antedilu-
vian,” because they came from the lowest beds of a series of
ancient alluvial strata bordering the valley of the Somme,
which geologists had termed ¢diluvium.’ He had begun to
collect these implements in 1841. From that time they had
been annually dug out of the drift or deposits of gravel and
sand, of which fine sections were laid open from twenty to
thirty-five feet in depth, whenever excavations were made in
repairing the fortifications of Abbeville; or as often as flints
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were wanted for the roads, or loam for making bricks. For
years previously bones of quadrupeds of the genera elephant,
rhinoceros, bear, hy®na, stag, ox, horse, and others, had been
collected there, and sent from time to time to Paris to be
examined and named by Cuvier, who had described them in
his ¢ Ossements Fossiles.” A correct account of the associated
flint tools and of their position was given in 1847 by
M. Boucher de Perthes in his work above cited, and they
were stated to occur at various depths, often twenty or thirty
feet from the surface, in sand and gravel, especially in those
strata which were nearly in contact with the subjacent white
chalk. But the scientific world had no faith in the state-
ment that works of art, however rude, had been met with in
undisturbed beds of such antiquity., Few geologists visited
Abbeville in winter, when the sand-pits were open, and when
they might have opportunities of verifying the sections, and
judging whether the instruments had really been embedded
by natural causes in the same strata with the bones of the
mammoth, thinoceros, and other extinct mammalia. Some
of the tools figured in the ¢ Antiquités Celtiques’ were so
rudely shaped, that many imagined them to have owed their
peculiar forms to accidental fracture in a river’s bed ; others
suspected frauds on the part of the workmen, who might
have fabricated them for sale, or that the gravel had been
disturbed, and that the worked flints had got mingled with
the bones of the mammoth long after that animal and its
associates had disappeared from the earth.

No one was more sceptical than the late eminent physician
of Amiens, Dr. Rigollot, who had long before (in the year
1819) written a memoir on the fossil mammalia of the valley
of the Somme. He was at length induced to visit Abbe-
ville, and, having inspected the collection of M. Boucher de
Perthes, returned home resolved to look for himself for flint
tools in the gravel-pits near Amiens. There, accordingly, at
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a distance of about thirty miles from Abbeville, he imme-
diately found abundance of similar flint implements, precisely
the same in the rudeness of their make, and the same in their
geological position; some of them in gravel nearly on a level
with the Somme, others in similar deposits resting on chalk at
a height of about ninety feet above the river.

Dr. Rigollot having in the course of four years obtained
geveral hundred specimens of these tools, most of them from
St. Acheul in the south-east suburbs of Amiens, lost no
time in communicating an account of them to the scientific
world, in a memoir illustrated by good figures of the worked
flints and careful sections of the beds. These sections were
executed by M. Buteux, an engineer well qualified for the
task, who had written a good description of the geology of Pi-
cardy. Dr. Rigollet, in this memoir, pointed out most clearly
that it was not in the vegetable soil, nor in the brick-earth with
land and fresh-water shells next below, but in the lower beds
of coarse flint-gravel, usually twelve, twenty, or twenty-five
feet below the surface, that the implements were met with, just
as they had been previously stated by M. Boucher de Perthes
to occur at Abbeville. The conclusion, therefore, which was
legitimately deduced from all the facts, was that the flint
tools and their fabricators were coeval with the extinct mam-
malia embedded in the same sirata.

Brizham Cave, near Torquay, Devonshire.

Four years after the appearance of Dr. Rigollot’s paper, a
sudden change of opinion was brought about in England
respecting the probable coexistence, at a former period, of
man and many extinct mammalia, in consequence of the
results obtained from a careful exploration of a cave at
Brigham, near Torquay, in Devonshire. As the new views
very generally adopted by English, geologists had no small
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influence on the subsequent progress of opinion in France,
I shall interrupt my account of the researches made in
the Valley of the Somme, by a brief notice of those which
were carried on in 1858 in Devonshire with more than
usual eare and scientific method. Dr. Buckland, in his
celebrated work, entitled ¢ Reliquie Diluvianze,” published
in 1823, in which he treated of the organic remains con-
tained in caves, fissures, and ¢diluvial gravel’ in England,
had given a clear statement of the results of his own original
observations, and had declared that none of the huwman bones
or stone implements met with by him in any of the caverns
could be considered to be as old as the mammoth and other
extinet quadrupeds. Opinions in harmony with this con-
clusion continued until very lately to be generally in vogue
in England ; although about the time that Schmerling was
exploring the Liége caves, the Rev. Mr. M‘Enery, a Roman
Catholic priest, residing near Torquay, had found in a cave
one mile east of that town, ealled ¢ Kent's Hole,” in red loam
covered with stalagmite, not ouly bones of the mammoth,
tichorhine rhinoceros, hippopotamus, cave-bear, and other
mammalia, but several remarkable flint tools, some of which
he supposed to be of great antiquity, while there were also
remains of Man in the same cave of a later date*

Abont ten years afterwards, in a ¢ Memoir on the Geology
of South Devon,” published in 1842 by the Geological Society
of London,t an able geologist, Mr. Godwin-Austen, de-
clared that he had obtained in the same cave (Kent’s Hole)

* The M. and plates prepared for
a joint memoir on Kent's Hole, by
Mr. M:Enery and Dr. Buckland, Lave
reeently been published by Mr. Vivian
of Torquay, from which, as well as
from some of the unprinted MS, I
infer that Mr. M*Enery only refrained
out of deference to Dr. Bueklund from
declaring his beliet in the contempa-
raneousness of certain flint imple-

ments of an antique type and the
bones of extinet animuls. Two of
these implements from Kent's Hole,
figured in Plate 12 of the posthumous
work above alluded to, approach
very closely in form and size to the
common Abbeville implements,

t Transactions of Geologicul So-
cicty, 2nd series, vol. vi. p. 44,
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works of Man from undisturbed loam or clay, under sta.lag-
mite, mingled with the remains of extinct animals, and that
all these must have been introduced ¢ before the stalagmite
flooring had been formed.” He maintained that such facts
could not be explained away by the hypothesis of sepulture,
as in Dr. Buckland’s well-known case of the human skeleton
of Paviland, because in the Devon cave the flint implements
were widely distributed through the loam, and lay beneath
the stalagmite. :

As the osseous and other contents of Kent’s Hole had,
by repeated diggings, been thrown into much confusion,
it was thought desirable in 1858, when a new and
intact bone-cave was discovered at Brixham, about four
miles south of Torquay, to have a thorough and systematic
examination made of it. The Royal Society, chiefly at the
instance of Dr. Falconer, made two grants towards defraying
the expenses, and Miss Burdett Coutts contributed liberally
towards the same object. A committee of geologists was
charged with the investigations, among whom Dr. Falconer
and Mr, Prestwich took a prominent part, visiting Torquay
while the excavations were in progress. Mr. Pengelly, another
member of the committee, well qualified for the task by
nearly twenty years’ previous experience in cave explorations,
zealously directed and superintended the work. By him, in
1859, I was conducted through the subterranean galleries after
they had been cleared out; and Dr. Falconer, who was also
at Torquay, showed me the numerous fossils which had been
discovered, and which he was then studying, all numbered and
labelled, with reference to a journal in which the geological
position of each specimen was recorded with scrupulous care.

The discovery of the existence of this suite of caverns near
the sea at Brixham was made accidentally by the roof of one
of them being broken through in quarrying. None of the four
external openings now exposed to view in steep cliffs or in the
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sloping side ofa valley were visible before the brececia and
earthy matter which blocked them up were removed during
the late exploration. According to a ground-plan drawn up
by Professor Ramsay, it appears that some of the passages
which run nearly north and south are fissures connected
with the vertical dislocation of the rocks, while another set,
running nearly east and west, are tunnels, which have the
appearance of having been to a great extent hollowed out by
the action of running water. The central or main entrance,
leading to what is called the ¢reindeer gallery,” because a
perfect antler of that animal was found sticking in the
stalagmitic floor, is ninety-five feet above the level of the
sea, being also seventy-eight above the bottom of the ad-
joining valley. The united length of the galleries which
were cleared out amounted to several hundred feet. Their
width never exceeded eight feet. They were sometimes
filled up to the roof with mud, but occasionally there
was a considerable space between the roof and floor. The
latter, in the case of the fissure-caves, was covered with
stalagmite, but in the tunnels it was usually free from any
such incrustation. The following was the general succession
of the deposits forming the contents of the underground
passages and channels : —

1st. At the top, a layer of stalagmite varying in thick-
ness from one to fifteen inches, which sometimes contained
bones, such as the reindeer’s horn, already mentioned, and
an entire humerus of the cave-bear.

2ndly. Next below, loam or bone-earth, of an ochreous red
colour, with angular stones and some pebbles, from two to
thirteen feet in thickness.

3rdly. At the bottom of all, gravel with many rounded
pebbles in it. This was everywhere removed so long as the
tunnels which narrowed downwards were wide enough to be
worked. It proved to be almost entirely barren of fossils.
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The mammalia obtained from the bone-earth consisted of
Elephas primigenius, or mammoth ; Rhinoceros tichorhinus;
Ursus speleeus; Hycena spelcea; Felis speleea, or the cave-
lion ; Cervus Tarandus, or the reindeer ; a species of horse,
ox, and several rodents, and others not yet determined.

No human bones were obtained anywhere during these
excavations, but many flint knives, chiefly from the lowest

‘part of the bone-earth; and one of the most perfect lay at
the depth of thirteen feet from the surface, and was covered
with bone-earth of that thickness. Neglecting the less per-
fect specimens, some of which were met with even in the
lowest gravel, about fifteen knives, recognised as artificially
formed by the most experienced antiquaries, were taken from
the bone-earth, and usually from near the bottom. Such
knives, considered apart from the associated mammalia, afford
in themselves no safe criterion of antiquity, as they might
belong to any part of the age of stone, similar tools being
sometimes met with in tumuli posterior in date to the era
of the introduction of bronze. But the contemporaneity of
those at Brixham with the extinct animals is demonstrated
not only by the occurrence at one point in overlying éta]agmite
of the bone of a cave-bear, but also by the discovery at the
same level in the bone-earth, and in close proximity to a
very perfect flint tool, of the entire left hind-leg of a cave-
bear. This specimen, which was shown me by Dr. Falconer
and Mr. Pengelly, was exhumed from the earthy deposit in
the reindeer gallery, near its junction with the flint-knife
gallery, at the distance of about sixty-five feet from the main
entrance, The mass of earth containing it was removed
entire, and the matrix cleared away carefully by Dr. Fal-
coner in the presence of Mr. Pengelly. Every bone was in
its natural place, the femur, tibia, fibula, ankle-bone, or
astragalus, all in juxta-position. Even the patella or de-
tached bone of the knee-pan was searched for, and not in
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vain. Here, therefore, we have evidence of an entire limb
not having been washed in a fossil state out of an older
alluvium, and then swept afterwards into a cave, so as to be
mingled with flint implements, but having been introduced
when clothed with its flesh, or at least when it had the
separate bones bound together by their natural ligaments,
and in that state buried in mud.

If they were not all of contemporary date, it is clear from
this case, and from the humerus of the Ursus spelceus,
before cited, as found in a floor of stalagmite, that the bear
lived after the flint tools were manufactured, or in other
words, that Man in this district preceded the cave-bear.

A glance at the position of Windmill Hill, in which
the caverns are situated, and a brief survey of the valleys
which bound it on three sides, are enough to satisfy
a geologist that the drainage and geographical features
of this region have undergone great changes since the
gravel and bone-earth were carried by streams into the sub-
terranean cavities above described. Some worn pebbles of
hematite, in particular, can only have come from their
nearest parent rock, at a period when the valleys imme-
diately adjoining the caves were much shallower than they
now are. The reddish loam in which the bones are em-
bedded is such as may be seen on the surface of limestone in
the neighbourhood, but the currents which were formerly
charged with such mud must have run at a level seventy-
eight feet above that of the stream now flowing in the
same valley. It was remarked by Mr. Pengelly, that the
stones and bones in the loam had their longest axes parallel
to the direction of the tunnels and fissures, showing that they
were deposited by the action of a stream.*

It appears that so long as the flowing water had force
enough to propel stony fragments, no layer of fine mud could

* Pengelly, Geologists, vol. iv. p. 163, 1861.



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm
102 INVESTIGATIONS MADE AT ABBEVILLE AND AMIENS. CHAP. vy,

accumulate, and so long as there was a regular current
capable of carrying in fine mud and bones, no superficial
crust of stalagmite. In some passages, as before stated, sta-
lagmite was wanting, while in one place seven or eight
alternations of stalagmite and loam were observed, seeming
to indicate a prevalence of more rainy seasons, succeeded by
others, when the water was for a time too low to flood the
area where the calcareous incrustation accumulated.

If the regular sequence of the three deposits of pebbles,
mud, and stalagmite was the result of the causes above
explained, the order of superposition would be constant,
yet we could not be sure that the gravel in one passage
might not sometimes be coeval with the bone-earth or stalag-
mite in another.

If therefore the flint knives had not been very widely
dispersed, and if one of them had not been at the bottom of
the bone-earth, close to the leg of the bear above described,
their antiquity relatively to the extinct mammalia might
have been questioned. No coprolites were found in the
Brixham excavations, and very few gnawed bones. These
few may have been brought from some distance, before they
reached their place of rest. Upon the whole, the same con-
clusion which Dr. Schmerling came to, respecting the filling
up of the caverns near Liége, seems applicable to the caves of

Dr. Falconer, after aiding in the investigations above al-
luded to near Torquay, stopped at Abbeville on his way to
Sicily, in the autumn of 1858, and saw there the collection of
M. Boucher de Perthes. Being at once satisfied that the flints
called hatchets had really been fashioned by the hand of Man,
he urged Mr. Prestwich, by letter, thoroughly to explore the
geology of the Valley of the Somme. This he accordingly
accomplished, in company with Mr. John Evans, of the
Society of Antiquaries, and, before his return that same year,
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succeeded in dissipating all doubts from the minds of his geo-
logical friends by extracting, with his own hands, from a bed of
undisturbed gravel, at St. Acheul, a well-shaped flint hatchet.
This implement was buried in the gravel at a depth of seven-
teen feet from the surface, and was lying on its flat side.
There were no signs of vertical rents in the enveloping matrix,
nor in the overlying beds of sand and loam, in which were many
land and fresh-water shells ; so that it was impossible to ima-
gine that the tool had gradually worked its way downwards,
as some had suggested, through the incumbent soil, into an
older formation.*

There was no one in England whose authority deserved to
have so much weight in overcoming incredulity in regard to
the antiquity of the implements in question. For Mr. Prest-
wich, besides having published a series of important memoirs
on the tertiary formations of Europe, had devoted many
years specially to the study of the drift and its organie
remains. His report, therefore, to the Royal Society, accom-
panied by a photograph showing the position of the flint
tool 2n sitw before it was removed from its matrix, not
only satisfied many inquirers, but induced others to visit
Abbeville and Amiens; and one of these, Mr. Flower, who
accompanied Mr, Prestwich on his second excursion to
St. Acheul, in June 1859, succeeded, by digging into the
bank of gravel, in disinterring, at the depth of twenty-two
feet from the surface, a fine, symmetrically shaped weapon
of an oval form, lying in and beneath strata which were ob-
served by many witnesses to be perfectly undisturbed.f

Shortly afterwards, in the year 1859, I visited the same
pits, and obtained seventy flint tools, one of which was taken
out while I was present, though I did not see it before it had

* Prestwich, Proceedings of the t Geological Quarterly Journal,
Royal Society, 1859, and Philose-  vol. xvi. p. 190.
phical Transactions, 1860.
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fallen from the matrix. I expressed my opinion in favour of
the antiquity of the flint tools to the meeting of the British
Association at Aberdeen, in the same year.* On my way
through Rouen, I stated my convictions on this subject to
Mr. George Pouchet, who immediately betook himself to
St. Acheul, commissioned by the municipality of Rouen, and
did not quit the pits till he had seen one of the hatchets
extracted from gravel in its natural position.}

M. Gaudry also gave the following account of his researches
in the same year to the Royal Academy of Sciences at Paris.
¢ The great point was not to leave the workmen for a single
instant, and to satisfy oneself by actual inspection, whether
the hatchets were found #n situ. I caused a deep excavation
to be made, and found nine hatchets, most distinctly in situ
in the diluvium, associated with teeth of Equus fossilisand a
species of Bos, different from any now living, and similar to
that of the diluvium and of caverns.’} In 1859, M. Hébert,
an original observer of the highest authority, declared to the
Geological Society of France that he had, in 1854, or four
years before Mr. Prestwich’s visit to St. Acheul, seen the
gections at Abbeville and Amiens, and had come to the
opinion that the hatchets were imbedded in the ¢lower di-
luvium,’” and that their origin was as ancient as that of the
mammoth and the rhinoceros. M. Desnoyers also made
excavations after M. Gra,ud.ry, at St. Acheul, in 1859, with the
same results.§ -

After a lively discussion on the subject in England and
France, it was remembered, not only that there were nume-
rous recorded cases leading to similar conclusions in regged to
cavern deposits, but, also, that Mr. Frere had, so long ago as

* See Proceedings of British Asso- } Comptes rendus, September 26th,
ciation for 1859, N and October 3rd, 1859.

¥ Actes du Musée d’Histoire Natu- § Bulletin, vol. xvii, p. 18.
relle de Rouen, 1860, p. 33.
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1797, found flint weapons, of the same type as those of Amiens,
in a fresh-water formation in Suffolk, in conjunction with
elephant remains ; and nearly a hundred years earlier (1715),
another tool of the same kind had been exhumed from the
oravel of London, together with bones of an elephant; to
all which examples I shall allude more fully in the sequel.

I may conclude this chapter by quoting a saying of Pro-
fessor Agassiz, ‘that whenever a new and startling fact is
brought to light in science, people first say, it is not true,”
then that it is contrary to religion,” and lastly, “ that every-
body knew it before.”’

If I were considering merely the cultivators of geology, I
should say that the doctrine of the former co-existence of
Man with many extinet mammalia had already gone through
these three phases in the progress of every scientific truth
towards acceptance. But the grounds of this belief have not
yet been fully laid before the general public, so asto enable
them fairly to weigh and appreciate the evidence. I shall
therefore do my best in the next three chapters to accomplish
this task.
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CHAPTER VII.

PEAT AND POST-PLIOCENE ALLUVIUM OF THE VALLEY OF THE
SOMME.

GEOLOGICAL STRUCTURE OF THE VALLEY OF THE SOMME AND OF
THE SURROUNDING COUNTRY — POSITION OF ALLUVIUM OF DIFFERENT
AGES — PEAT NEAR ABBEVILLE — 1TS ANIMAL AND VEGETABLE CON-
TENTS — WORKS OF ART IN PEAT — PROBABLE ANTIQUITY OF THE
PEAT, AND CHANGES OF LEVEL BSINCE ITS GROWTH BEGAN — FLINT
IMPLEMENTS OF ANTIQUE TYPE IN OLDER ALLUVIUM — THEIR VARIOUS
FORMS AND GREAT KUMBERS.

Geological Structure of the Somme Valley.

HE Valley of the Somme in Picardy, alluded to in the last
chapter, is situated geologically in a region of white
chalk with flints, the strata of which are nearly horizontal.
The chalk hills which hound the valley are almost everywhere
between 200 and 300 feet in height. On ascending to that ele-
vation, we find ourselves on an extensive table-land, in which
there are slight elevations and depressions. The white chalk
itself is scarcely ever exposed at the surface on this plateau,
although seen on the slopes of the hills, as at b and ¢ (fig. 7).
The general surface of the upland region is covered continu-
ouslyfor milesin every direction byloam or brick-earth (No.4),
about five feet thick, devoid of fossils. Tothe wide extent of
this loam the soil of Picardy chiefly owes its great fertility.
Here and there we also observe, on the chalk, outlying
patches of tertiary sand and clay (No. 5, fig. 7), with eocene
fossils, the remnants of a formation once more extensive, and
which probably once spread in one continuous mass over the
chalk, before the present system of valleys had begun to be
shaped out. It is necessary to allude to these relics of
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tertiary strata, of which the larger part is missing, because
their denudation has contributed largely to furnish the
materials of gravels in which the flint implements and
bones of extinct mammalia are entombed. From this
source have been derived not only the regular-formed egg-
shaped pebbles, so common in the old fluviatile alluvium at
all levels, but those huge masses of hard sandstone, several
feet in diameter, to which I shall allude in the sequel. The
upland loam also (No. 4) has often, in no slight degree, been
formed at the expense of the same tertiary sands and clays, as
is attested by its becoming more or less sandy or argillaceous,
according to the nature of the nearest eocene outlier in the
neighbourhood.

- Fig. 7. 4 5

Chalk

Section across the Valley of the Somme in Picardy.

1 Peat, twenty to thirty feet thick, resting on gravel, a.

2 Lower level gravel with elephants’ bones and flint tools, covered
with fluviatile loam, twenty to forty feet thick.

3 Higher lovel gravel with similar fossils, and with overlying loam, in
all thirty feet thick.

4 Upland loam without shells (Limon des plateaur), five or six feet
thick.

5 Eocene tertiary strata, resting on the chalk in patches.

The average width of the Valley of the Somme between
Amiens and Abbeville is one mile. The height, therefore, of
the hills, in relation to the river-plain, could not be correctly
represented in the annexed diagram (fig. 7), as they would
have to be reduced in altitude ; or if not, it would be necessary
to make the space between ¢ and b four times as great. The
dimensions also of the masses of drift or alluvium, 2 and 3,
have been exaggerated, in order to render them sufficiently
conspicuous; for, all important as we shall find them to be
as geological monuments of the post-pliocene period, they
form a truly insignificant feature in the general structure of
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the country, somuch so, that they might easily be over-
looked in a cursory survey of the district, and are usually
unnoticed in geological maps not specially devoted to the
superficial formations.

It will be seen by the description given of the section, fig. 7,
that No. 2 indicates the lower level gravels, and No. 3 the
higher ones, or those rising to elevations of eighty or a hundred
feet above the river. Newer than these is the peat No. 1, which
is from ten to thirty feet in thickness, and which isnot only of
later date than the alluvium, 2 and 3, but is also posterior to
the denudation of those gravels, or to the time when the valley
was excavated through them. Underneath the peat is a bed
of gravel, a, from three to fourteen feet thick, which rests on
undisturbed chalk. This gravel was probably formed, in part
at least, when the valley was scooped out to its present
depth, since which time no geological change has taken place,
except the growth of the peat, and certain oscillations in the
general level of the country, to which we shall allude by and
by. A thin layer of impervious clay separates the gravel a from
the peat No. 1, and seems to have been a necessary pre-
liminary to the growth of the peat,

Peat of the Valley of the Somme.

As hitherto, in our retrospective survey, we have been
obliged, for the sake of proceeding from the known {o the
less known, to reverse the mnatural order of history, and to
treat of the newer before the older formations, I shall begin
my account of the geological monuments of the Valley of the
Somme by saying something of the most modern of all of
them, the peat. This substance occupies the lower parts of
the valley far above Amiens, and below Abbeville as far as
the sea. It has already been stated to be in some places thirty
feet thick, and is even occasionally more than thirty feet,
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corresponding in that respect to the Danish mosses before de-
seribed (Ch. IL.). Like them, it belongs to the recent period ;
all the embedded mammalia, as well as the shells, being of
the same species as those now inhabiting Europe. The bones
of qua,drupeds are very numerous, as I can bear witness,
having seen them brought up from a considerable depth near
Abbeville, almost as often as the dredging instrument was
used. Besides remains of the beaver, I was shown, in the col-
lection of M. Boucher de Perthes, two perfect lower jaws with
teeth of the bear, Ursus Arctos; and in the Paris Museum
there is another specimen, also from the Abbeville peat.

The list of mammalia already comprises a large proportion
of those proper to the Swiss lake-dwellings, and to the shell-
mounds and peat of Denmark ; but unfortunately as yet no
special study has been made of the French fauna, like that
by which the Danish and Swiss zoologists and botanists have
enabled us to compare the wild and tame animals and the
vegetation of the age of stone with that of the age of iron.

Notwithstanding the abundance of mammalian bones in
the peat, and the frequency of stone implements of the Celtic
and Gallo-Roman periods, M. Boucher de Perthes has only
met with three or four fragments of human skeletons.

At some depth in certain places in the valley near Abbe-
ville, the trunks of alders have been found standing erect as
they grew, with their roots fixed in an ancient soil, afterwards
covered with peat. Stems of the hazel, and nuts of the same,
abound ; trunks, also, of the oak and walnut. The peat
extends to the coast, and is there seen passing under the
sand-dunes. and below the sea-level. At the mouth of the
river Canche, which joins the sea near the embouchure of
the Somme, yew trees, firs, oaks, and hazels have been dug
out of peat, which is there worked for fuel, and is about three
feet thick.* During great storms, large masses of compact

* D' Archiac, Hist. des Progrés, vol. ii. p. 154.
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peat, enclosing trunks of flattened trees, have been thrown
up on the coast at the mouth of the Somme; seeming to
indicate that there has been a subsidence of the land and a
consequent submergence of what was once a westward con-
tinuation of the Valley of the Somme into what is now a
part of the British Channel, or La Manche.

Whether the vegetation of the lowest layers of peat differed
as to the geographical distribution of some of the trees from
the middle, and this from the uppermost peat, as in Denmark,
has not yet been ascertained ; nor have careful observations
been made with a view of calculating the minimum of time
which the accumulation of so dense a mass of vegetable matter
must have taken. A foot in thickness of highly compressed
peat, such as is sometimes reached in the bottom of the bogs,
is obviously the equivalent in time of a much greater thickness
of peat of spongy and loose texture, found near the surface.
The workmen who cut peat, or dredge it up from the bottom
of swamps and ponds, declare that in the course of their lives
none of the hollows which they have found, or caused by ex-
tracting péat,: have ever been refilled, even to a small extent.
They deny, therefore, that the peat grows. This, as M. Boucher
de Perthes observes, is a mistake; but it implies that the
increase in one generation is not very appreciable by the
unscientifie. |

The antiquary finds near the surface Gallo-Roman remains,
and still deeper Celtic weapons of the stone period. But the
depth at which Roman works of art occur varies in different
places, and is no sure test of age; because in some parts of
the swamps, especially near the river, the peat is often so fluid
that heavy substances may sink through it, carried down by
their own gravity. In one case, however, M. Boucher de
Perthes observed several large flat dishes of Roman pottery,
lying in a horizontal position in the peat, the shape of
which must have prevented them from sinking or penetrating
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through the underlying peat. Allowing about fourteen cen-
turies for the growth of the superincumbent vegetable maitter,
he calculated that the thickness gained in a hundred years
would be no more than three French centimetres.* This
rate of increase would demand so many thousands of years
for the formation of the entire thickness of thirty feet, that
we must hesitate before adopting it as a chronometric scale.
Yet, by multiplying observations of this kind, and bringing
one to bear upon and check another, we may eventually suc-
ceed in obtaining data for estimating the age of the peaty
deposit.

The rate of increase in Denmark may not be applicable to
France; because differences in the humidity of the climate,
or in the intensity and duration of summer’s heat and winter’s
cold, as well as diversity in the species of plants which most
abound, would cause the peat to grow more or less rapidly,
not only when we compare two distinct countries in Europe,
but the same country at two successive periods.

I have already alluded to some facts which favour the idea
that there has been a change of level on the coast since the
peat began to grow. This conclusion seems confirmed by the
mere thickness of peat at Abbeville, and the occurrence of
alder and hazel-wood near the bottom of it. If thirty feet
of peat were now removed, the sea would flow up and fill
the valley for miles above Abbeville. Yet this vegetable
matter is all of supra-marine origin, for where shells
occur in it they are all of terrestrial or fluviatile kinds,
so that it must have grown above the sea-level when the
land was more elevated than now. We have already seen
what changes in the relative level of sea and land have oc-
cuwrred in Scotland subsequently to the time of the Romans,
and are therefore prepared to meet with proofs of similar
movements in Picardy. In that country they have probably

* Antiquités Celtiques, vol. ii. p. 134.
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not been confined simply to subsidence, but have comprised
oscillations in the level of the land, by which marine shells
of the post-pliocene period have been raised some ten feet or
more above the level of the sea.

Small as is the progress hitherto made in interpreting the
pages of the peaty record, their importance in the Valley of
the Somme is enhanced by the reflection that, whatever be
the number of centuries to which they relate, they belong
to times posterior to the ancient implement-bearing beds,
which we are next to consider, and are even separated from
them, as we shall see, by an interval far greater than that
which divides the earliest strata of the peat from the latest.

Flint Fmplemends of the Post~pliocene Period in the Valley
of the Somme.

The alluvium of the Valley of the Somme exhibits no-
thing extraordinary or exceptional in its position or external
appearance, nor in the arrangement or composition of its
materials, vor in its organic remains; in all these cha-
racters it might be matched by the drift of a hundred other
valleys in France or England. Its claim to our peculiar
attention is derived from the wonderful number of flint
tools, of a very antique type, which, as stated in the last
chapter, occur in undisturbed strata, associated with the
bones of extinct quadrupeds.

As much doubt has been cast on the question, whether the
so-called flint hatchets have really been shaped by the hands
of Man, it will be desirable to begin by satisfying the reader’s
mind on that point, before inviting him to study the details
of sections of successive beds of mud, sand, and gravel, which
vary considerably even in contiguous localities.

Since the spring of 1859, I have paid three visite to
the Valley of the Somme, and examined all the principal



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm

cuar. vir. FLINT IMPLEMENTS IN VALLEY OF THE SOMME. 113

localities of these flint tools. In my excursions around
Abbeville, I was accompanied by M. Boucher de Perthes,
and during one of my explorations in the Amiens district, by
Mr. Prestwich. The first time I entered the pits at
St. Acheul, I obtained seventy flint instruments, all of them
collected from the drift in the course of the preceding five
or six weeks. The two prevailing forms of these tools are
represented in the annexed figures 8 and 9, each of which are
half the size of the originals; the first being the spear-headed
form, varying in length from six to eight inches; the second,
the oval form, which is not unlike some stone implements,
used to this day as hatchets and tomahawks by natives of
Australia, but with this difference, that the edge in the
Australian weapons (as in the case of those called celts in
Europe) has been produced by friction, whereas the cutting
cdge in the old tools of the Valley of the Somme was always
vained by the simple fracture of the flint, and by the
repetition of many dexterous blows.

The oval-shaped Australian weapons, however, differ in
being sharpened at one end only. The other, though reduced
Ly fracture to the same general form, is left rough, in which
state it is fixed into a cleft stick, which serves as a handle.
To this it is firmly bound by thin straps of opossum’s hide.
One of these tools, now in my possession, was given me by
Mr. Farqubarson of Haughton, who saw a native using it in
1854, on the Auburn river, in Burnet district, North Australia.

Out of more than a hundred flint implements which I
obtained at St. Acheul, not a few had their edges more or
less fractured or worn, either by use as instruments before
they were buried in gravel, or by being rolled in the river’s
bed.

Some of these tools were probably used as weapons, both
of war and of the chase, others to grub up roots, cut down
trees, and scoop out canoes. Some of them may have served,
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Flint implement from St. Acheul, near Amiens, of the spear-head shape.

Fig. 8 Half the size of the original, which is seven and a half inches long.
a Side view. b Same seen cdgewise.

These spear-headed implements have been found in greater number, pro-
portionally to the oval ones, in the upper level gravel at St. Acheul, than
in any of the lower gravels in the valley of the Somme. In these last the
oval form predominates, especially at Abbeville.
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TFig. 9 Tig. 10

Flint implements from the Post-pliocene Drift of Abbeville and Amiens.

Fig. 9 a Oval-shaped flint hatchet from Mautort, near Abbeville, half
size of original, which is five and a half inches long, from a bed of gravel
underlying the fluvio-marine stratum.

o Same seen edgewise.

¢ Shows a recent fracture of the edge of the same at the point a, or
near the top.  This portion of the tool, ¢, is drawn of the natural
size, the Dlack cenfral part being the unaltered flint, the white
outer coating, the layer which has been formed by discoloration
or bleaching sinee the tool was first made.

The entirve swaface of No. 9 must have been black when first shaped,
aidd the bleaching to such a depth must have been the worL of
time, whether produced by exposure to the sun and air before it
was embedded, or afterwards when it lay deep in the soil.

Iig. 10, Flint tool from St. Acheul, seen edgewise; original, six and u half
inches long, and three inches wide.

b, ¢ Portion not artificially shaped.
h, @ Part chipped into shape, and having n cutting edge at «.
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as Mr. Prestwich has suggested, for cutting holes in the ice
both for fishing and for obtaining water; as will be explained
in the 8th chapter when we consider the arguments in favour
of the higher level drift having belonged to a period when
the rivers were frozen over for several months every winter.

When the natural form of a chalk-flint presented a
suitable handle at one end, as in the specimen, fig. 10, that
part was left as found. The portion, for example, between
b and ¢ has probably not been altered; the protuberances
which are fractured having been broken off by river action
before the flint was chipped artificially. The other ex-
tremity, @, has been worked till it acquired a proper shape
and cutting edge.

Many of the hatchets are stained of an ochreous-yellow
colour, when they have been buried in yellow gravel, others
have aequired white or brown tints, according to the matrix
in which they have been enclosed.

This accordance in the colouring of the flint tools with the
character of the bed from which they have come, indicates,
kays Mr. Prestwich, not only areal derivation from such strata,
but also a sojourn therein of equal duration to that of the
naturally broken flints forming part of the same beds.*

The surface of many of the tools is encrusted with a film
of carbonate of lime, while others are adorned by those
ramifying crystallisations called dendrites (see figs. 11—13),
usnally consisting of the mixed oxyds of iron and manganese,
forming extremely delicate blackish brown sprigs, resembling
the smaller kinds of sea weed. They are a useful test of
antiquity when suspicions are entertained of the workmen
having forged the hatchets which they offer for sale. The
most general test, however, of the genuineness of the imple-
ments obtained by purchase is their superficial varnish-like
or vitreous gloss, as contrasted with the dull aspect of freshly

* Philogophical Transactions, 1861, p. 297.
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fractured flints. I also remarked, during each of my three
visits to Amiens, that there were some extensive gravel-pits,
such as those of Montiers and St. Roch, agreeing in their
geological character with those of St. Acheul, and only a mile
or two distant, where the workmen, although familiar with
the forms, and knowing‘the' marketable value of the articles
above described, assured me that they had never heen able
to find a single implement.

Fig, 11
Iig 12

L o

Dondrites on surfaces of flint hatehets in the drift of St. Acheul, near Amiens.

Fig. 11, @ Natural size, Fig. 12, b Natural size. ¢ Magnified.
Tig. 13, d Natural size. ¢ Magnified.

Respecting the authenticity of the tools as works of
art, Professor Ramsay, than whom no one could be a more
competent judge, observes: ¢ For more than twenty years,
like others of my craft, I have daily handled stones, whether
fashioned by nature or art; and the flint hatchets of Amiens
and Abbeville seem to me as clearly works of art as any
Sheffield whittle.”*

Mr. Evans classifies the implements under three heads,
two of which, the spear heads and the oval or almond-shaped
kinds, have already been described. The third form, fig. 14,
consists of flakes, apparently intended for knives or some
of the smaller ones for arrow heads.

In regard to their origin, Mr. Evans observes that there
is a uniformity of shape, a correctness of outline, and a
sharpness about the cutting edges and points, which cannot
be due to anything but design.t

Of these knives and flakes, I obtained several specimens

* Athenwum, July 16, 1859. t Archxologicy, vol. xxxviii,
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from a pit which I caused to be dug at Abbeville, in sand in
contact with the chalk, and below certain fluvio-marine beds,
which will be alluded to in the next chapter.
Fig. 14

Flint knife or flake from below the sand containing Cyrena fluminalis.
Menchecourt, Abbeville.

d Transverse section along the line of fracture, 3, c.
Size, two-thirds of the original.

Between the spear-head and oval shapes, there are various
intermediate gradations, and there are also a vast variety of
very rude implements, many of which may have been rejected
aa failures, and others struck off as chips in the course of
manufacturing the more perfect ones. Some of these chips
can only be recognised by an experienced eye as bearing
marks of human workmanship.

It has often been asked, how, without the use of metallic
hammers, so many of these oval and spear-headed tools could
bave been wrought into so uniform a shape. Mr. Evans, in
order experimentally to illustrate the process, constructed a
stone hammer, by mounting a pebble in a wooden handle,
and with this tool struck off flakes from the edge on both
gides of a chalk flint, till it acquired precisely the same shape
as the oval tool, fig. 9, p. 115.

If T were invited to estimate the probable number of the
‘more perfect tools found in the valley of the Somme since
1842, rejecting all the knives, and all that might be suspected
of bemng spurious or forged, I should conjecture that they far
exceeded a thousand. Yet it would be a great mistake to
imagine that an antiquary or geologist, who should devote
a few weeks to the exploration of such a valley as that of the
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Somme, would himself be able to detect a single specimen.
But few tools were lying on the surface. The rest have been
exposed to view by the removal of such a volume of éa.nd,
clay, and gravel, that the price of the discovery of one of
them could only be estimated by knowing how many hundred
labourers have toiled at the fortifications of Abbeville, or in
the sand and gravel pits near that city, and around Amiens,
for road materials and other economical purposes, during the
last twenty years.

In the gravel pits of St. Acheul, and in some others near
Amiens, small round bodies, having a tubular cavity in the
centre, occur. They are well known as fossils of the white
chalk. Dr. Rigollot suggested that they might have been

a, b Coscinopora globularis D'Ord.  Orbitolina coneava Parker and Jones.
¢ Part of the same magnified.

strung together as beads, and he supposed the hole in the
middle to have been artificial. Some of these round bodies
are found entire in the chalk and in the gravel, others have
naturally a hole passing through them, and sometimes one
or two holes penetrating some way in from the surface,
but not extending to the other side. Others, like , fig. 15,
have a large cavity, which has a very artificial aspect.
It is impossible to decide whether they have or have not
served as personal ornaments, recommended by their globular
form, lightness, and by being less destructible than ordinary
chalk. Granting that there were natural cavities in the axis of
some of them, it does not follow that these may not have been
taken advantage of for stringing them as heads, while others
may have been artificially bored through. Dr. Rigollot’s
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argument in favour of their having been used as necklaces or
bracelets, appears to me a sound one. He says he often found
small heaps or groups of them in one place, all perforated, just

‘a8 1f, when swept into the river’s bed by a flood, the bond which
had united them together remained unbroken.*

* Ri g'n'llb‘t,' Mémoire m des Instruments en Silex, &e. P 16. Amiﬁnﬂ, 18564,
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CHAPTER VIII

POST-PLIOCENE ALLUVIUM WITH FLINT IMPLEMENTS OF THE
VALLEY OF THE SOMME,

Concluded.

FLUVIO-MARINE STRATA, WITH FLINT IMPLEMENTS, NEAR ABBEVILLE
— MARINE SHELLS IN SMIE-—-CYI{ENA. FLUMINALLS — MAMMALIA —
ENTIRE SKELETON OF RHINOCEROS — FLINT IMPLEMENTS, WHY FOUND

' LOW DOWN IN FLUVIATILE DEPOSITS — RIVERS SHIFTING THEIR
CHANNELS— RELATIVE AGES OF HIGHER AND LOWER-LEVEL GRAVELS —
SECTION OF ALLUVIUM OF ST. ACHEUL — TWO SPECIES OF ELEPHANT
AND HIPPOPOTAMUS COEXISTING WITH MAN IN FRANCE — VOLUME OF
DRITFT, PROVING ANTIQUITY OF FLINT IMPLEMENTS — ABSENCE OF
HUMAN BONES IN TOOL-BEARING ALLUVIUM, HOW EXPLAINED —VALUE
OF CERTAIN XINDS OF NEGATIVE EVIDENCE TESTED THEREBY —
HUMAN BONES NOT FOUND IN DRAINED LAKE OT HAARLEM.

the section of the valley of the Somme, given at p. 106

(fig. 7), the successive formations newer than the chalk
are numbered in chronological order, beginning with the
most modern, or the peat, which is marked No. 1, and
which has been treated of in the last chapter. Next in the
order of antiquity are the lower-level gravels No. 2, which we
have now to describe; after which the alluvium, No. 3, found
at higher levels, or about eighty and one hundred feet above
the river-plain, will remain to be considered.

I have selected, as illustrating the old alluvium of the
Somme occurring at levels slightly elevated above the present
river, the sand and gravel-pits of Menchecourt, in the north-
west suburbs of Abbeville, to which, as before stated, p. 94,
attention was first drawn by M. Boucher de Perthes, in his
work on Celtic antiquities. Here, although in every adjoin-
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ing pit some minor variations in the nature and thickness of
the superimposed deposits may be seen, there is yet a general
approach to uniformity in the series. ,The only stratum of
which the relative age is somewhat doubtful, is the gravel
marked a, underlying the peat, and resting on the chalk. It
is only known by borings, and some of it may be of the same
age as No. 3 ; but I believe it to be for the most part of more
modern origin, consisting of the wreck of all the older gravel,
including No. 3, and formed during the last hollowing out

Fig. 16

Chalk

Sea Levol

Chalk

Section of fluvio-marine strata, containing flint implements and bones of extinct
mammalia, at Menchecourt, Abbeville,* '

1 Brown clay with angular flints, and occasionally chalk rubble, unstratified,
following the slope of the hill, probably of subaerial origin, of very varying
thickness, from two to five feet and upwards.

2 Calcareous loam, buff-coloured,- resembling loess, for the most part un-
stratified, in some places with slight traces of stratification, containing
freshwater and land shells, with bones of elephants, &ec. ; thickness about
fifteen feet.

3 Alternations of beds of gravel, marl, and sand, with freshwater and land
shells, and in some of the lower sands, a mixture of marine shells; also

, E::nfs Ott“ elephant, rhinoceros, &e., and flint implements; thickness about

elve feet.

a Gravel underlying peat, age undetermined.
b Layer of impervious clay, separating the gravel from the peat.

and deepening of the valley immediately before the com-
mencement of the growth of peat.

The greater number of flint implements have been dug out
of No. 3, often near the bottom, and twenty-five, thirty, or
even more than thirty feet below the surface of No. 1.

* For detailed sections and maps of this district, see Prestwich, Philosophical
Transactions, 1860, p. 277.
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A geologist will perccive by a plance at the section that
the valley of the Somme must have been excavated nearly
to its present depth and width when the strata of No. 3 were
thrown down, and that after the deposits Nos. 3, 2, and 1 had
been formed in succession, the present valley was scooped
out, patches only of Nos. 3 and 2 being left. For these
deposits cannot originally have ended abruptly as they now
do, but must have once been continuous farther towards the
centre of the valley.

To begin with the oldest, No. 3, it is made up of a suc-
cession of beds, chiefly of freshwater origin, but occasionally
a mixture of marine and fluviatile shells is observed in. it,
proving that the sea sometimes gained upon the river, whether
at high tides or when the fresh water was less in quantity
during the dry season, and sometimes perhaps when the land
was slightly depressed in level. All these accidents might
occur again and again at the mouth of any river, and give rise
to alternations of fluviatile and marine strata, such as are
seen at Menchecourt.

In the lowest beds of gravel and sand in contact with the
chalk, flint, hatchets, some perfect, others much rolled, have
been found; and in a sandy bed in this position some work-
men, whom I employed to sink a pit, found four flint knives.
Above this sand and gravel occur beds of white and siliceous
sand, containing shells of the genera Planorbis, Limnea,
Paludina, Valvata, Cyclas, Cyrena, Helix, and others, all now
natives of the same part of France, except Cyrena fluminalis
(fig. 17), which no longer lives in Europe, but inhabits the
Nile, and many parts of Asia, including Cashmere, where it
abounds. No species of Cyrena is now met with in a living
state in Europe. Mr. Prestwich first observed it fossil at
Menchecourt, and it has since been found in two or three
contiguous sand-pits, always in the fluvio-marine bed.

The following marine shells occur mixed with the fresh-
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water species above enumerated:—Buccinum undatum, Lit-
torina littorea, Nassa reticulata, Purpura lapillus, Tellina
solidula, Cardium edule, and fragments of some others
Several of these I have myself collected entire, though in a
state of great decomposition, lying in the white sand called
¢ gable aigre’ by the workmen. They are all littoral species
now proper to the éontiguous coast of France. Their oc-
currence in a fossil state associated with freshwater shells at
Menchecourt, had been noticed as long ago as 1836 by

Cyrena fluminalis, O. F. Miiller, sp.*

e Interior of left valve, from Gray’s Thurrock, Essex.

b Hinge of same magnified.

¢ Interior of right valve of a small specimen, from Shacklewell, London.
d Outer surface of right valve, from Erith, Kent,

Living. _Dates of ;S}Jec@ﬁc Names.
Tellina fluminalis, 0. F. Mailler . : y 1774
Venus fluminalis Euphratis, Chemnitz . , . . 1782
Cyclas Euphratica, Lam. . . . . ; . 1806
Cyrena cor, Lam. (Nile) . . . . ‘ 1818
,» consobrina, Caillaud (Nlle) s 2 : ; 1823
,» Cashmiriensis, Desk.
Corbicula fluminalis, Mihifeldt . . 3 i " 1811
Fossil.
Cyrena trigonula, 8. Woodward . : g ; a 1834
»  Gemmellarii, Pkilippe .~ . . . . 1836
»»  Duchastelii, Nyst ; : . ; 2 1838

MM. Ravin and Baillon, before M. Boucher de Perthes com-
menced the researches which have since made the locality

* For synonyms, see S, Woodward, Tibet Shells, Proc. Zool. Soe., July 8, 1856.
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so celebrated.®* The numbers since collected preclude all
idea of their having been brought inland as eatable shells by
the fabricators of the flint hatchets found at the bottom
of the fluvio-marine sands. From the same beds, and in
marls alternating with the sands, remains of the elephant,
rhinoceros, and other mammalia, have been exhumed.

Above the fluvio-marine strata are those designated No. 2
in the section (fig. 16), which are almost devoid of strati-
fication, and probably formed of mud or sediment thrown
down by the waters of the river when they overflowed the
ancient alluvial plain of that day. Some land shells, a few
river shells, and bones of mammalia, some of them extinct,
occur in No. 2. Its upper surface has been deeply furrowed
and cut into by the action of water, at the time when the
earthy matter of No. 1 was superimposed. The materials of
this uppermost deposit are arranged as if they had been the
result of land floods, taking place after the formations 2 and
3 had been raised, or had become exposed to denudation.

The fluvio-marine strata and overlying loam of Menche-
court recur on the opposite or left bank of the alluvial
plain of the Somme, at a distance of two or three miles.
They are found at Mautort, among other places, and I ob-
tained there the flint hatchet figured at p. 115 (fig. 9), of an
oval form. It was extracted from gravel, above which were
strata containing a mixture of marine and freshwater shells,
precisely like those of Menchecourt. In the alluvium of all
parts of the valley, both at high and low levels, rolled bones
are sometimes met with in the gravel. Some of the flint
tools in the gravel of Abbeville have their angles very
perfect, others have been much triturated, as if in the bed
of the main river or some of its tributaries.

The mammalia most frequently cited as having been
found in the deposits Nos. 2 and 3 at Menchecourt, are the
following : —

* D'Arxchiae, Histoire des Progres, &c., vol. ii. p. 154.
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Elephas primigenius. Cervus sgmonensis, Cuvier.
Rhimoceros tichorhinus. C. Tarandus priscus, Cuvier,
Equus fossilis, Owen. | Felis spelcea.

Bos primagenius. Hyomna spelea.

The Ursus speleus has also been mentioned by some
writers ; but M. Lartet says he has sought in vain for it
among the osteological treasures sent from Abbeville to Cuvier
at Paris, and in other collections. The same palzontologist,
after a close scrutiny of the bones sent formerly to the Paxis
Museum from the valley of the Somme, observed that some
of them bore the evident marks of an instrument, agreeing
well with incisions such as a rude flint-saw would produce.
Among other bones mentioned as having been thus artificially
cut, are those of a Rhinoceros tichorhinus, and the antlers of
Cervus somonensis.*

The evidence obtained by naturalists that some of the
extinct mammalia of Menchecourt really lived and died in
this part of France, at the time of the embedding of the flint
tools in fluviatile strata, is most satisfactory; and not the less
so for having been put on record long before any suspicion
was entertained that works of art would ever be detected
in the same beds. Thus M. Baillon, writing in 1834 to
M. Ravin, says, ‘They begin to meet with fossil bones at
the depth of ten or twelve feet in the Menchecourt sand-pits,
but they find a much greater quantity at the depth of eighteen
and twenty feet. Some of them were evidently broken before
they were embedded, others are rounded, having, without
doubt, been rolled by running water. It is at the bottom of
the sand-pits that the most entire bones occur. Here they
lie without having undergone fracture or friction, and seem
to have been articulated together at the time when they
were covered up. I found in one place a whole hind limb

* Quarterly Journal of the Geological Society, London, vol. xvi. p. 471.
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of a rhinoceros, the bones of which were still in their true
relative position. They must have been joined together by
ligaments, and even swrrounded by muscles at the time of
their interment. The entire skeleton of the same species
was lying at a short distance from the spot.’ * -

If we suppose that the greater number of the flint imple-
ments occurring in the neighbourhood of Abbeville and
Amiens were brought by river action into their present
position, we can at once explain why so large a proportion of
them are found at considerable depths from the surface, for
they would naturally be buried in gravel and not in fine
sediment, or what may be termed ¢inundation mud,’ such as
No. 2 (fig. 16, p. 122), a deposit from tranquil water, or where
the stream had not sufficient force or velocity to sweep along
chalk flints, whether wrought or unwrought. Hence we
have almost always to pass down through a mass of incum-
bent loam with land shells, or through fine sand with fresh-
water mollusks, before we get into the beds of gravel con-
taining hatchets. Occasionally a weapon used as a projectile
may have fallen into quiet water, or may have dropped
from a canoe to the bottom of the river, or may have been
floated by ice, as are some stones nccasionally by the Thames
in severe winters, and carried over the meadows bordering its
banks; hut such cases are exceptional, though helping to
explain how isolated flint tools or pebbles and angular stones.
are now and then to be seen in the midst of the finest loams.

The endless variety in the sections of the alluvium of the
valley of the Somme, may be ascribed to the frequent silting up
of the main stream and its tributaries during different stages
of the excavation of the valley, probably alse during changes
in the level of the land. As a rule, when a river attacks
and undermines one bank, it throws down gravel and sand on
the opposite side of its channel, which is growing somewhere

# Soeiété Roy. U'Emulation d'Abbeville, 1834, p. 197.
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shallower, and is soon destined to be raised so high as to form
an addition to the alluvial plain, and to be only occasionally
inundated. In this way, after much encroachment on cliff or
meadow at certain points, we find at the end of centuries that
the width of the channel has not been enlarged, for the new
made ground is raised after a time to the average height of
the older alluvial tract. Sometimes an island is formed in
midstream, the current flowing for a while on both sides of
it, and at length scooping out a deeper channel on one side so
as to leave the other to be gradually filled up during freshets
and afterwards elevated by inundation mud, or ¢ brick-earth.’
During the levelling up of these old channels, a flood some-
times cuts into and partially removes portions of the previously'
stratified matter, causing those repeated signs of furrowing
and filling up of cavities, those memorials of doing and
undoing, of which the tool-bearing sands and gravels of
Abbeville and Amiens afford such reiterated illustrations, and
of which a parallel is furnished by the ancient alluvium of the
Thames valley, where similar bones of extinct mammalia and
shells, including Cyrena fluminalis, are found.

Professor Noeggerath, of Bonn, informs me that, about the
year 1845, when the bed of the Rhine was deepened artifi-
cially by the blasting and removal of rock in the narrows at
Bingerloch, not far from Bingen, several flint hatchets and
an extraordinary number of iron weapons of the Roman
period were brought up by the dredge from the bed of the
great river. The decomposition of the iron had caused much
of the gravel to be cemented together into a conglomerate.
In such a case we have only to suppose the Rhine to deviate
slightly from its course, changing its position, as it has often
done in various parts of its plain in historical times, and then
tools of the stone and iron periods would be found in gravel
at the bottom, with a great thickness of sand and overlying
loam deposited above them.
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Changes in a river plain, such as those above alluded to,
give rise frequently to ponds, swamps, and marshes, marking
the course of old beds or branches of the river not yet filled
up, and in these depressions shells proper both to running
and stagnant water may be preserved, and quadrupeds may
be mired. The latest and uppermost deposit of the series
will be loam or hrick-earth, with land and amphibious shells
(Heliz and Succinea), while below will follow strata contain-
ing freshwater shells, implying continuous submergence;
and lowest of all in most sections will be the coarse gravel
accumulated by a current of considerable strength and
velocity.

When the St. Katharine docks were excavated at London,
and similar works exe~uted on the banks of the Mersey, old
ships were dug out, as I have elsewhere noticed,* showing
how the Thames and Mersey have in modern times been
shifting their channels. Recently, an old silted-up bed of
the Thames has been discovered by boring at Shoeburyness
at the mouth of the river opposite Sheerness, as I learn from
Mr. Mylne. The old deserted branch is separated frcm the
new or present channel of the Thames, by a mass of London
clay which has escaped denudation. The depth of the old
branch, or the thickness of fluviatile strata with which it has
been filled up, is seventy-five feet. The actual channel in
the neighbourhood is now sixty feet deep, but there is
probably ten or fifteen feet of stratified sand and gravel at
the bottom; so that, should the river deviate again from its
course, its present bed might be the receptacle of a fluvio-,
marine formation seventy-five feet thick, equal to the former
one of Shoeburyness, and more considerable than that of
Abbeville. It would consist both of freshwater and marine
strata, as the salt water is carried by the tide far up above

# Principles of Geology.
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Sheerness ; but in order that such deposits should resemble,
in geological position, the Menchecourt beds, they must.be
raised ten or fifteen feet above their present level, and be
partially eroded. Such erosion they would not fail to suffer
during the process of upheaval, because the Thames would
scour out its bed, and not alter its position relatively to the
sea, while the land was gradually rising.

Before the canal was made at Abbeville, the tide was per-
ceptible in the Somme for some distance above that city. It
‘would only require, therefore, a slight subsidence to allow the
salt water to reach Menchecourt, as it did in the pest-pliocene
period. As a stratum containing exclusively land and fresh-
water shells usually underlies the fluvio-marine sands at
Menchecourt, it seems that the river first prevailed there, after
which the land subsided ; and then there was an upheaval
which raised the country to a greater height than that at
which it now stands, after which there was a second sinking,
indicated by the position of the peat, as already explained
(p. 111). All these changes happened since Man first in-
habited this region.

At several places in the environs of Abbewlle there are
fluviatile deposits at a higher level by fifty feet than the
uppermost beds at Menchecourt, resting in like manner on
the chalk. One of these occurs in the suburbs of the city
at Moulin Quignon, one hundred feet above the Somme
and on the same side of the valley as Menchecourt, and
containing flint implements of the same antique type and
the bones of elephants; but no marine shells have been
found there, nor in any gravel or sand at higher elevations
than the Menchecourt marine shells.

It has been a matter of discussion among geologists whether
the higher or the lower sands and gravels of the Somme valley
are the more ancient. As a general rule, when there are
a.lluwa.l formations of different ages in the same valley, those
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which occupy a more elevated position above the river plain are
the oldest. In Auvergne and Velay,in Central France, where
the bones of fossil quadrupeds occur at all heights above the
present rivers from ten to one thousand feet, we observe the
terrestrial fauna to depart in character from that now living
in proportion as we ascend to higher terraces and platforms.
We pass from the lower alluvium, containing the mammoth,
tichorhine rhinoceros, and reindeer, to various older groups of
fossils, till, on a table-land a thousand feet high (near Le Puy,
for example), the abrupt termination of which overlooks the
present valley, we discover an old extinct river-bed covered
by a current of ancient lava, showing where the lowest level
was once situated. In that elevated alluvium the remains of
a tertiary mastodon and other quadrupeds of like antiquity
are embedded.

If the Menchecourt beds had been first formed, and the
valley, after being nearly as deep and wide as it is now, had
subsided, the sea must have advanced inland, causing small
delta-like accumulations at successive heights, wherever the
main river and its tributaries met the sea. Such a movement,
especially if it were intermittent, and interrupted occasionally
by long pauses, would very well account for the accumulation
of stratified débris which we encounter at certain points in
the valley, especially around Abbeville and Amiens. But we
are precluded from adopting this theory by the entire absence
of marine shells, and the presence of fresh-water and land
species, and mammalian bones, in considerable abundance, in
the drift both of higher and lower levels above Abbeville.
Had there been a total absence of all organic remains, we
might have imagined the former presence of the sea, and the
destruction of such remains might have been ascribed to
carbonic acid or other decomposing causes; but the post-
pliocene and implement-bearing strata can be shown by
their fossils to be of fluviatile origin.
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Flint I'mplements im Gravel mear Amiens.
Gravel of St. Acheul.

When we ascend the valley of the Somme, from Abbeville
to Amiens, a distance of about twenty-five miles, we observe
a repetition of all the same alluvial phenomena which we
have seen exhibited at Menchecourt and its neighbourhood,
with the single exception of the absence of marine shells and of
Cyrena fluminalis. We find lower-level gravel, such asNo. 2,
fig. 7, p. 107, and higher-level alluvium, such as No. 3, the
latter rising to one hundred feet above the plain, which at
Amiens is about fifty feet above the level of the river at
Abbeville. In both the upper and lower gravels, as Dr. Ri-
gollot stated in 1854, flint tools and the bones of extinct
animals, together with river shells and land shells of living
species, abound.

Immediately below Amiens, a great mass of stratified gravel,
slightly elevated above the alluvial plain of the Somme, is
seen at St. Roch, and half a mile farther down the valley at
Montiers. Between these two places, a small tributary stream,
called the Celle, joins the Somme. In the gravel at Montiers,
Mr. Prestwich and I found some flint knives, one of them flat
on one side, but the other carefully worked, and exhibi-
ting many fractures, clearly produced by blows skilfully
applied. Some of these knives were taken from so low a level
as to satisfy us that this great bed of gravel at Montiers, as
well as that of the contiguous quarries of St. Roch, which
seems to be a continuation of the same deposit, may be
referred to the human period. Dr. Rigollot had already
mentioned flint hatchets as obtained by him from St. Roch,
but as none have been found there of late years, his statement
was thought to require confirmation. The discovery, therefore,
of these flint knives in gravel of the same age was interesting,
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Fig. 18

Elephas primigenius.

Penultimate molar, lower jaw, right side, one-third of natural size, Post-pliocene.
Coexisted with Man.
Fig. 19

Elephas antiquus, Falconer.

Penultimate molar, lower jaw, right side, size one-third of nature, Post-pliocene
and Newer pliocene. Coexisted with Man.

LFig. 20 #

Llephas meridionalis, Nesti,

Penultimate molar, lower jaw, right side, size one-third of original, Newer plio-
cene, Saint Prest, near Chartres, and Norwich Crag. ~ Not yet proved to have
coexisted with Man. See Appendix A, p. 507.

* For fig. 20, I am indebted to logique de France, Mars 1859. Tig. 19
M. Lartet, and fig. 18 will be found in  is from Fauna Sivalensis, Falconer
his paper in Bulletin de la Soci¢té Géo-  and Cautley.
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especially as many tusks of .a hippopotamus have been ob-
tained from the gravel of St. Roch—some of these recently by
Mr. Prestwich ; while M. Garnier of Amiens has procured a
fine elephant’s molar from the sa.me'pits, which Dr. Falconer
refers to Elephas antiquus, see fig. 19, p. 133. Hence I
infer that both these animals co-existed with Man.

The alluvial formations of Montiers are very instructive in
another point of view. If, leaving the lower gravel of that
place, which is topped with loam or brick-earth (of which
the upper portion is about thirty feet above the level of the
Somme), we ascend the chalky slope to the height of about
eighty feet, another deposit of gravel and sand, with fluviatile
shells in a perfect condition, occurs, indicating most clearly
an ancient river-bed, the waters of which ran habitually at
that higher level before the valley had been scooped out to
its present depth. This superior deposit is on the same side
of the Somme, and about as high, as the lowest part of the
celebrated formation of St. Acheul, two or three miles distant,
to which I shall now allude.

The terrace of St. Acheul may be described as a gently
sloping ledge of chalk, covered with gravel, topped as usual
with loam or fine sediment, the surface of the loam being
100 feet above the Somme, and about 150 above the sea.

Many stone coffins of the Gallo-Roman period have been
dug out of the upper portion of this alluvial mass. The
trenches made for burying them sometimes penetrate to the
depth of eight or nine feet from the surface, entering the
upper part of No. 3 of the sections Nos. 21 and 21 A. They
prove that when the Romans were in Gaul they found this
terrace in the same condition as it is now, or rather as it
was before the removal of so much gravel, sand, clay, and
loam, for repairing roads, and for making bricks and pottery.

In the annexed section, which I observed during my last visit
in 1860, it will be seen that a fragment of an elephant’s tooth
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that it should float as little a distance as possible from the
place of human habitation. But, by the action of the sun
upon the atmosphere, currents would be produced, by
which the ark would be borne away, in a southerly and
then a western direction. To bring it back into such a
situation as would correspond to its grounding in Arme-
nia, or any part of Asia, it must first circumnavigate the
globe. But, this was impossible in the time, even ifit had
possessed the rate of going of a good sailing vessel. It
might, perhaps, advance as far as the middle of Europe,
or the more westerly part; and zhere it would ground, at
the end of the three hundred days. ”
Upon the supposition that the words of the narrative
require to be understood in the sense of a strict and proper
universality, another difficulty arises with respect to the
preservation of animals. Ingenious calculations have
been made of the capacity of the ark, as compared with
the room requisite for the pairs of some animals, and the
septuples of others: and it is remarkable that the well-
intentioned calculators have formed their estimate upon a
number of animals below the truth, to a degree which
might appear incredible. They have usually satisfied
themselves with a provision for three or four hundred
species at most ; as in general they show the most aston-
ishing ignorance of every branch of Natural History.
Of the existing mammalia (animals which nourish their
young by breasts) considerably more -than one thousand
species are known ; of Birds, fully five thousand ; of Rep-
tiles, very few kinds of which can live in water, two
thousand ; and the researches of travellersand naturalists
are making frequent and most interesting additions to the
number of these and all other classes.* Of Insects (us-

* {&mong the numerous and satisfactorily authentic works of this de-
8cription, it is a pleasure to mention two as an honour to our country,
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A stone hatchet of an oval form, like that represented at
fig. 9, p. 115, was discovered at the same time, about one foot
lower down, at ¢, in densely compressed gravel. The surface
of the fundamental chalk is uneven in this pit, and slopes
towards the valley-plain of the Somme. In a horizontal
distance of twenty feet, I found a difference in vertical height
of seven feet. In the chalky sand, sometimes océurring in
interstices between the separate fragments of flint, constituting
the coarse gravel No. 4, entire as well as broken fresh-water
shells are often met with. To some it may appear enigmatical
how such fragile objects could have escaped annihilation in a
river-bed, when flint tools and much gravel were shoved
along the bottom ; but I have seen the dredging instrument
employed in the Thames, above and below London Bridge,
to deepen the river, and worked by steam power, scoop up
gravel and sand from the bottom, and then pour the contents
pell-mell into the boat, and still many specimens of Limnea,
Planorbis, Paludina, Cyclas, and other shells might be taken
out uninjured from the gravel.

It will be observed that the gravel No. 4 is obliquely
stratified, and that its surface had undergone denudation be-
fore the white sandy loam, No. 3, was superimposed. The
materials of the gravel at d must have been cemented or frozen
together into a somewhat coherent mass to allow the pro-
jecting ridge, d, to stand up five feet above the general
surface, the sides being in some places perpendicular. In
No. 3 we probably behold an example of a passage from
river-gilt to inundation mud, or loess. In some parts of it,
land shells occur.

It has been ascertained by MM. Buteux, Ravin, and other
observers conversant with the geology of this part of France,
that in none of the alluvial deposits, ancient or modern, are
there any fragments of rocks foreign to the basin of the
Somme —no erratics which could only be explained by sup-
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posing them to have been brought by ice, during a general
submergence of the country, from some other hydrographical
basin.

But in some of the pits at St. Acheul there are seen in
the beds No. 4, fig. 21, not only well-rounded tertiary pebbles,
but great blocks of hard sandstone, of the kind called in the
south of England ¢greyweathers,” some of which are three
or four feet and upwards in diameter. They are usually
angular, and when spherical owe their shape generally to
an original concretionary structure, and not to trituration
in a river’s bed. These large fragments of stone abound
both in the higher and lower level gravels round Amiens and-
at the higher level at Abbeville. They have also been
traced far up the valley above Amiens, wherever patches of
the old alluvium occur. They have all been derived from
the tertiary strata which once covered the chalk. Their
dimensions are such that it is impossible to imagine a
river like the present Somme, flowing through a flat
country, with a gentle fall towards the sea, to have carried
them for miles down its channel, unless ice cooperated
as a transporting power. Their angularity also favours the
supposition of their having been floated by ice, or rendered
so buoyant by it as to have escaped much of the wear and
tear which blocks propelled along the bottom of a river
channel would otherwise suffer. We must remember that the
present mildness of the winters in Picardy and the north-west
of Europe generally is exceptional in the northern hemisphere,
and that large fragments of granite, sandstone, and limestone
are now carried annually by ice down the Canadian rivers in
latitudes farther south than Paris.*

Another sion of ice agency, of which Mr. Prestwich has
given a good illustration in one of his published sections, and

* Drinciples of Geology, 9th ed. p. 220.
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which I myself observed in several pits atSt. Acheul, deserves
notice. It consists in flexures and contortions of the strata

1 Surface soil.
2 Brown loam as in fig. 21, p. 135, —thickness, six feet.
3 White sand with bent and folded layers of marl—thickness, six feet.

4 Gravel, as in fig, 21, p. 135 with bones of mammalia and flint im-
plements,

A Graves filled with made ground and human bones.
b and ¢ Seams of laminated marl often bent round upon themselves.
d Beds of gravel with sharp curves.

of sand, marl, and gravel (as seen at b, ¢ and d, fig. 21 A),
which they have evidently undergone since their original
deposition, and from which both the underlying chalk and
part of the overlying beds of sand No. 3 are usually exempt.
In my former writings I bave attributed this kind of
derangement to two causes; first, the pressure of ice running
aground on yielding banks of mud and sand ; and, secondly,
the melting of masses of ice and snow of unequal thickness,
on which horizontal layers of mud, sand, and other fine and
coarse materials had accumulated. The late Mr. Trimmer
first pointed out in what manner the unequal failure of sup-
port caused by the liquefaction of underlying or intercalated
snow and ice might give rise to such complicated foldings.

* See Chapter XII.
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When ¢ice-jams’ occur on the St. Lawrence and other
Canadian rivers (lat. 46° N.), the sheets of ice, which become
packed or forced under or over one another, agsume in most
cases a highly inclined and sometimes even a vertical position.
They are often observed to be coated on one side with mud,
sand, or gravel frozen on to them, derived from shallows in
the river on which they rested when congelation first reached
the bottom.

As often as portions of these packs melt near the margin
of the river, the layers of mud, sand, and gravel, which result
from their liquefaction, cannot fail to assume a very abnormal
arrangement, —very perplexing to a geologist who should
undertake to interpret them without having the ice-clue in
his mind.

Mzr. Prestwich has suggested that ground-ice may have had
its influence in modifying the ancient alluvium of the
Somme.* It is certain that ice in this form plays an active
part every winter in giving motion to stones and gravel in
the beds of riversin European Russia and Siberia. It appears
that when in those countries the streams are reduced nearly to
the freezing point, congelation begins frequently at the
bottom ; the reason being, according to Arago, that the current
is slowest there, and the gravel and large stones, having parted
with much of their heat by radiation, acquire a temperature
below the average of the main body of the river. It is,
therefore, when the water is clear, and the sky free from
clouds, that ground ice forms most readily, and oftener on
pebbly than on muddy bottoms. Fragments of such ice,
rising occasionally to the surface, bring up with them gravel,
and even large stones.

Without dwelling longer on the various ways in which ice
may affect the forms of stratification in drift, so as to

* Prestwich, Memoir read to Royal Society, April 1862,
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cause bendings and foldings in which the underlying or over-
lying strata do not participate, a subject to which I shall have
occasion again to allude in the sequel, I will state in this
place that such contortions, whether explicable or not, are
very characteristic of glacial formations. They have also no
necessary connection with the transportation of large blocks
of stone, and they therefore afford, as Mr. Prestwich remarks,
independent proof of ice-action in the post-pliocene gravel of
the Somme. |

Let us, then, suppose that, at the time when flint hatchets
were embedded in great numbers in the ancient gravel which
now forms the terrace of St. Acheul, the main river and its
tributaries were annually frozen over for several months in
winter. In that case, the primitive people may, as Mr.
Prestwich hints, have resembled in their mode of life those
American Indians who now inhabit the country between
Hudson’s Bay and the Polar Sea. The habits of those Indians
have been well described by Hearne, who spent some years
among them. As often as deer and other game become
scarce on the land, they betake themselves to fishing in the
rivers ; and for this purpose, and also to obtain water for
drinking, they are in the constant practice of cutting round
holes in the ice, a foot or more in diameter, through which
they throw baited hooks or nets. Often they pitch their tent
on the ice, and then cut such holes through it, using ice-
chisels of metal when they can get copper or iron, but when
not, employing tools of flint or hornstone.

The great accumulation of gravel at St. Acheul has taken
place in part of the valley where the tributary streams,
the Noye and the Arve, now join the Somme.. These tribu-
taries, as well as the main river, must have been running at
the height first of a hundred feet, and afterwards at various
lower levels above the present valley-plain, in those earlier
times when the flint tools of the antique type were buried
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in successive river beds. I have said at various levels, be-
cause there are, here and there, patches of drift at heights
intermediate between the higher and lower gravel, and also
some deposits, showing that the river once flowed at elevations
above as well as below the level of the platform of St. Acheul.
As yet, however, no patch of gravel skirting the valley at
heights exceeding one hundred feet above the Somme have
yielded flint tools or other signs of the former sojourn of
Man in this region.

Possibly, in the earlier geographical condition of this
country, the confluence of tributaries with the Somme afforded
inducements to a hunting and fishing tribe to settle there,
and some of the same natural advantages may have caused
the first inhabitants of Amiens and Abbeville to fix on the
same sites for their dwellings. If the early hunting and
fishing tribes frequented the same spots for hundreds or
thousands of years in succession, the number of the stone
implements lost in the bed of the river need not surprise us.
Ice-chisels, flint hatchets, and spear-heads may have slipped
accidentally through holes kept constantly open, and the
recovery of a lost treasure once sunk in the bed of the ice-
bound stream, inevitably swept away with gravel on the
breaking up of the ice in the spring, would be hopeless.
During a long winter, in a country affording abundance of
flint, the manufacture of tools would be continually in pro-
gress; and, if so, thousands of chips and flakes would be pur-
posely thrown into the ice-hole, besides a great number of
implements having flaws, or rejected as too unskilfully made
to be worth preserving.

As to the fossil fauna of the drift, considered in relfz.tlon to
the climate, when, in 1859, I took a collection which I had made
of all the more common species of land and freshwater shells
from the Amiens and Abbeville drift, to my friend M. Deshayes
at Paris, he declared them to be, without exception, the same as
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those now living in the basin of the Seine. This fact may seem
at first sight to imply that the climate had not altered since
the flint tools were fabricated; but it appears that all thege
species of mollusks now range as far north as Norway and
Finland, and may therefore have flourished in the valley of the
Somme when the river was frozen over annually in winter.*

In regard to the accompanying mammalia, some of them,
like the mammoth and tichorhine rhinoceros, may have
been able to endure the rigours of a northern winter as well
as the rein-deer, which we find fossil in the same gravel. 1t
is a more difficult point to determine whether the climate of
the lower gravels (those of Menchecourt, for example) was
more genial than that of the higher ones. Mr. Prestwich
inclines to this opinion. None of those contortions of the
strata above described (p. 138) have as yet been observed in
the lower drift. It contains large blocks of tertiary sandstone
and grit, which. may have required the aid of ice to convey
them to their present sites; but as such blocks already
abounded in the older and higher alluvium, they may simply
be monuments of its destruction, having been let down suc-
cessively to lower and lower levels without making much
seaward progress.

The Cyrena fluminalis of Menchecourt and the hippo-
potamus of St. Roch seem to be in favour of a less severe
temperature in winter; but so many of the species of
mammalia, as well as of the land and fresh-water shells, are
common to both formations, and our information respecting
the entire fauna is still so imperfect, that it would be prema-
ture to pretend to settle this question in the present state of
our knowledge. We must be content with the conclusion
(and it is one of no small interest), that when Man first
inhabited this part of Europe, at the time that the St. Acheul

* See Prestwich Paper read to Royal Society in 1862.
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drift was formed, the climate as well as the physical geography
of the country differed considerably from the state of things
now established there.

Among the elephant remains from St. Acheul, in M.
Garnier’s collection, Dr. Falconer recognised a molar of the
Elephas antiquus, fig. 19, the same species which has been
already mentioned as having been found in the lower-level
gravels of St. Roch. This species, therefore, endured while
important changes took place in the geographical condition
of the valley of the Somme. Assuming the lower-level
gravel to be the newer, it follows that the Elephas antiquus
and the hippopotamus of St. Roch continued to flourish long
after the introduction of the mammoth, a well characterized
tooth of which, as I before stated, was found at St. Acheul at
the time of my visit in 1860.

As flint hatchets and knives have been discovered in the
alluvial deposits both at high and low levels, we may safely
affirm that Man was as old an inhabitant of this region
as were any of the fossil quadrupeds above enumerated, a
conclusion which is independent of any difference of opinion
as to the relative age of the higher and lower gravels.

The disappearance of many large pachyderms and beasts of
prey from Europe has often been attributed to the inter-
vention of Man, and no doubt he played his part in hastening
the era of their extinction; but there is good reason for sus-
pecting that other causes cooperated to the same end. No
naturalist would for a moment suppose that the extermination
of the Cyrena fluminalis throughout the whole of Europe—
a species which coexisted with our race in the valley of the
Somme, and which was very abundant in the waters of the
Thames at the time when the elephant, rhinoceros, and
hippopotamus flourished on its banks—was accelerated by
human agency. The great modification in climate and in
other conditions of existence which affected this aquatic
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mollusk, may have mainly contributed to the gradual dying
out of many of the large mammalia.

We have already seen that the peat of the 'valley of the
Somme is a formation which, in all likelihood, took thousands
of years for its growth. But no change of a marked character
has occurred in the mammalian fauna since it began to ac-
cumulate. The contrast of the fauna of the ancient alluvium,
whether at high or low levels, with the fauna of the oldest peat
is almost as great as its contrast with the existing fauna, the
memorials of Man being common to the whole series ; hence
we may infer that the interval of time which separated the
era of the large extinct mammalia from that of the earliest
peat, was of far longer duration than that of the entire growth
of the peat. Yet we by no means need the evidence of the
ancient fossil fauna to establish the antiquity of Man in this
part of France. The mere volume of the drift at various
heights would alone suffice to demonstrate a vast lapse of
time during which such heaps of shingle, derived both from
the Eocene and the cretaceous rocks, were thrown down
in a succession of river-channels. We observe thousands of
rounded and half-rounded flints, and a vast number of angular
ones, with rounded pieces of white chalk of various sizes,
testifying to a prodigious amount of mechanical action,
accompanying the repeated widening and deepening of the
valley, before it became the receptacle of peat; and the po-
sition of many of the flint tools leaves no doubt on the mind
of the geologist that their fabrication preceded all this
reiterated denudation.

On the Absence of Human Bones in the Alluvium of
the Somme.

It is naturally a matter of no small surprise that, after we
have collected many hundred flint implements (including
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knives, many thousands), not a single human bone has yet
been met with in the old alluvial sand and gravel of the
Somme.* This dearth of the mortal remains of our species
holds true equally, as yet, in all other parts of Europe where
the tool-bearing drift of the post-pliocene period has been
investigated in valley deposits. Yet in these same formations
there is no want of bones of mammalia belonging to extinct
and living species. In the course of the last quarter of a
century, thousands of them have been submitted to the exa-
mination of skilful osteologists, and they have been unable to
detect among them one fragment of a human skeleton, not
even a tooth. Yet Cuvier pointed out long ago, that the
bones of Man found buried in ancient battle-fields were not
more decayed than those of horses interred in the same
graves. We have seen that in the Liége caverns, the skulls,
jaws, and teeth, with other bones of the human race, were
preserved in the same condition as those of the cave-bear,
tiger, and mammoth.

That ere long, now that curiosity has been so much excited
on this subject, some human remains will be detected in the
older alluvium of European valleys, I confidently expect. In
the mean time, the absence of all vestige of the bones which
belonged to that population by which so many weapons were
designed and executed, affords a most striking and instructive
lesson in regard to the value of negative evidence, when
adduced in proof of the non-existence of certain classes of
terrestrial animals at given periods of the past. It is a new
and emphatic illustration of the extreme imperfection of
the geological record, of which even they who are constantly
working in the field cannot easily form a just conception.

We must not forget that Dr. Schmerling, after finding
extinct mammalia and flint fools in forty-two Belgian
caverns, was only rewarded by the discovery of human bones

* See Appendix B, on human jaw of Moulin Quignon, Abbeville.
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in three or four of those rich repositories of osseous remains,
In like manner, it was not till the year 1855 that the first
skull of the musk buffalo (Bubalus moschatus) was detected
in the fossiliferous gravel of the Thames, and not till 1860,
as will be seen in the next chapter, that the same quadruped
was proved to have co-existed in France with the mammoth.
The same theory which will explain the comparative rarity
of such species would no doubt account for the still greater
scarcity of human bones, as well as for our general ignorance
of the post-pliocene terrestrial fauna, with the exception of
that part of it which is revealed to us by cavern researches.

In valley drift we meet commonly with the bones of quad-
rupeds which graze on plains bordering rivers. ~Carnivorous
beasts, attracted to the same ground in search of their prey,
sometimes leave their remains in the same deposits, but more
rarely. The whole assemblage of fossil quadrupeds at present
obtained from the alluvium of Picardy is obviously a mere
fraction of the entire fauna which flourished contemporane-
ously with the primitive people by whom the flint hatchets
were made. .

Instead of its being part of the plan of nature to store up
enduring records of a large number of the individual plants and
animals which have lived on the surface, it seems to be her
chief care to provide the means of disencumbering the habit-
able areas lying above and below the waters of those myriads
of solid skeletons of animals, and those massive trunks of
trees, which would otherwise soon choke up every river, and
fill every valley. To prevent this inconvenience she employs
the heat and moisture of the sun and atmospbere, the dissolv-
ing power of carbonic and other acids, the grinding teeth and
gastric juices of quadrupeds, birds, reptiles, and fish, and the
agency of many of the invertebrata. We are all familiar with
the efficacy of these and other causes on the land ; and as to the
bottoms of seas, we have only to read the published reports of
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Mr. MacAndrew, the late Edward Forbes, and other experi-
enced dredgers, who, while they failed utterly in drawing
up from the deep a single human bone, declared that they
scarcely ever met with a work of art even after counting tens
of thousands of shells and zoophytes, collected on a coast line
of several hundred miles in extent, where they often ap-
proached within less than half a mile of a land peopled by
millions of human beings.

- Lake of Haarlem.

It is not many years since the Government of Holland
resolved to lay dry that great sheet of water formerly called
the Lake of Haarlem, extending over 45,000 acres. They
succeeded, in 1853, in turning it into dry land, by means
of powerful pumps constantly worked by steam, which raised
the water and discharged it into a canal running for twenty
or thirty miles round the newly-gained land. This land was
depressed thirteen feet beneath the mean level of the ocean.
I travelled, in 1859, over part of the bed of this old lake,
and found it already converted into arable land, and peopled
by an agricultural population of 5000 souls. Mr. Staring,
who had been for some years employed by the Dutch Govern-
ment in constructing a geological map of Holland, was my
companion and guide. He informed me that he and his
associates had searched in vain for human bones in the de-
posits which had constituted for three centuries the bed of
the great lake.

There had been many a shipwreck, and many a naval fight
in those waters, and hundreds of Dutch and Spanish soldiers
and sailors had met there with a watery grave. The popula-
tion which lived on the borders of this ancient sheet of water
numbered between thirty and forty thousand souls. In dig-
ging the great canal, a fine section had been laid open, about
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thirty miles long, of the deposits: which formed the ancient

bottom of the lake. Trenches, also, innumerable, several feet

deep, had been freshly dug on all the farms, and their united

length must have amounted to thousands of miles. In sbme

of the sandy soil recently thrown out of the trenches, I observed

specimens of fresh-water and brackish-water shells, such as
Unio and Dreissena, of living species; and in clay brought up

from below the sand, shells of Tellina, Lutraria, and Cardium,

all of species now inhabiting the adjoining sea.

As the Dreissena is believed by conchologists to have been
introduced into Western Europe in very modern times,
brought with foreign timber in the holds of vessels from the
Wolga and other rivers ﬂowing into the Black Sea, the layer
of sand containing it in the Haarlem lake is probably not
more than a hundred years old.

One or two wrecked Spanish vessels, and arms of the same
period, have rewarded the antiquaries who had been watching
the draining operations in the hope of a richer harvest, and
who were not a little disappointed at the result. In a peaty
tract on the margin of one part of the lake a few coins were
dug up; but if historyhad been silent, and if there had been
a controversy whether Man was already a denizen of this
planet at the time when the area of the Haarlem lake was
under water, the archaologist, in order to answer this ques-
tion, must have appealed, as in the case of the valley of the
Somme, not to fossil bones, but to works of art embedded in
the superficial strata.

Mr. Staring, in his valuable memoir on the ¢ Geological Map
of Holland,” has attributed the general scarcity of human
bones in Dutch peat, notwithstanding the many works of art
preserved in it, to the power of the humic and sulphuric
acids to dissolve bones, the peat in question being plenti-
fully impregnated with such acids. His theory may be cor-
rect, but it is not applicable to the gravel of the Valley of
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the Somme, in which the bones of fossil mammalia are fre-
quent, nor to the uppermost fresh-water strata forming the
bottom of a large part of the Haarlem Lake, in which it is
not pretended that such acids occur.

The primitive inhabitants of the Valley of the Somme
may have been too wary and sagacious to be often surprised
and drowned by floods, which swept away many an incautious
elephant or rhinoceros, horse and ox. But even if those rude
hunters had cherished a superstitious veneration for the
Somme, and had regarded it as a sacred river (as the modern
Hindoos revere the Ganges), and had been in the habit of
committing the bodies of their dead or dying to its waters —
even had such funeral rites prevailed, it by no means follows
that the bones of many individuals would have been preserved
to our time.

A corpse cast into the stream first sinks, and must then be
almost immediately overspread with sediment of a certain
weight, or it will rise again when distended with gases, and
float perhaps to the sea before it sinks again. It may then
be attacked by fish of marine species, some of which are
capable of digesting bones. If, before being carried into the
sea and devoured, it is enveloped with fluviatile mud and
sand, the next flood, if it lie in mid channel, may tear it out
again, scatter all the bones, roll some of them into pebbles,
and leave others exposed to destroying agencies ; and this may
be repeated annually, till all vestiges of the skeleton may
disappear. On the other hand, a bone washed through a rent
into a subterranean cavity, even though a rarer contingency,
may have a greater chance of escaping destruction, especially
if there be stalactite dropping from the roof of the cave or
walls of a rent, and if the cave be not constantly traversed
by too strong a current of engulfed water.
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CHAPTER IX.

WORKS OF ART IN POST-PLIOCENE ALLUVIUM OF FRANCE AND
ENGLAND.

FLINT IMPLEMENTS IN ANCIENT ALLUVIOM OF THE BASIN OF THE
SEINE — BONES OF MAN AND OF EXTINCT MAMMALIA IN THE CAVE OF
ARCY — BXTINCT MAMMALIA IN THE VALLEY OF THE OISR — FLINT
IMPLEMENT IN GRAVEL OF SAME VALLEY -—— WORKS OF ART IN POST-
PLIOCENE DRIFT IN VALLEY OF THE THAMES — MUSK BUFFALO —
MERTING OF NORTHERN AND SOUTHERN FAUNA — MIGRATIONS OF
QUADRUPEDS — MAMMALS OF AMOOR LAND — CHRONOLOGICAL RELA-
TION OF THE OLDER ALLUVIUM OF THE THAMES TO THE GLACIAL
DRIFT — FLINT IMPLEMENTS OF POST-PLIOCENE PERIOD IN SURREEY,
MIDDLESEX, KENT, BEDFORDSHIRE, AND SUFFOLK.

Flint Implements in Post-pliocene Alluviwm in the Basin
of the Seine.

N the ancient alluvium of the valleys of the Seine and its
principal tributaries, the same assemblage of fossil animals,
which has been alluded to in the last chapter as character-
ising the gravel of Picardy, has long been known; but it was
not till the year 1860, and when diligent search had been
expressly made for them, that flint implements of the Amiens
type were discovered in this part of France.

In the neighbourhood of Paris, deposits of drift occur
answering both to those of the higher and lower levels of the
basin of the Somme before described.* In both are found,
mingled with the wreck of the tertiary and cretaceous rocks
of the vicinity, a large quantity of granitic sand, and pebbles,
and occasionally large blocks of granite, from a few inches
to a foot or more in diameter. These blocks are peculiarly
abundant in the lower drift commonly called the ¢diluvium

gris.” The granitic materials are traceable to a chain of hills
* Prestwich, Proceedings of Roy. Soc. 1862.
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called the Morvan, where the head waters of the Yonne take
their rise, 150 miles to the SSE. of Paris.

It was in this lowest gravel that M. H. T. Gosse, of Geneva,
found, in "April 1860, in the suburbs of Paris, at La Motte
Piquet, on the left bank of the Seine, one or two well-
formed flint implements of the Amiens type, accompanied
by a great number of ruder tools or attempts at tools. I
visited the spot in 1861 with M. Hébert, and saw the stratum
from which the worked flints had been extracted, twenty feet
helow the surface, and near the bottom of the ¢grey dilu-
vium,” a bed of gravel from which I have myself, in and
near Paris, frequently collected the bones of the elephant,
horse, and other mammalia.

More recently, M. Lartet has discovered at Clichy, in the
environs of Paris, in the same lower gravel, a well-shaped
flint implement of the Amiens type, together with remains
both of Elephas primigenius and E. antiquus. No tools
have yet been met with in any of the gravel occurring at the
higher levels of the valley of the Seine; but no importance
can be attached to this negative fact, as so little search has
yet been made for them.

Mr. Prestwich has observed contortions indicative of ice-
action, of the same kind as those near Amiens (see p. 138),
in the higher level drift at Charonne, near Paris; but as yet
no similar derangement has been seen in the lower gravels—a
fact, so far as it goes,in unison with the phenomena observed
in Picardy.

In the cavern of Arcy-sur-Yonne a series of deposits have
lately been investigated by the Marquis de Vibraye, who
discovered human bones in the lowest of them, mixed with
remains of quadrupeds of extinct and recent species. This
cavern occurs in Jurassic limestone, at a slight elevation
above the Cure, a small tributary of the Yonne, which last
joins the Seine near Fontainebleau, about forty miles south
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of Paris. The lowest formation in the cavern resembles the
¢diluvium gris’ of Paris, being composed of granitic ma-
terials, and like it derived chiefly from the waste of the
crystalline rocks of the Morvan. In it have been found the
two branches of a human lower jaw with teeth well-pre-
served, and the bones of the Elephas primigenius, Rhinoceros
tichorhinus, Ursus speleus, Hyona spelea, and Cervus
Tarandus, all specifically determined by M. Lartet. I have
been shown this collection of fossils by M. de Vibraye, and
remarked that the human and other remains were in the
same condition and of the same colour.

Above the grey gravel is a bed of red alluvium, made up
of fragments of Jura limestone, in a red argillaceous matrix,
in which were embedded several flint knives, with bones of
the reindeer and horse, but no extinet mammalia. Over
this, in a higher bed of alluvium, were several polished
hatchets of the more modern type called ¢ celts,” and above all
loam or cave-mud, in which were Gallo-Roman antiquities.*

The French geologists have made as yet too little progress
in identifying the age of the successive deposits of ancient
alluvium of various parts of the basin of the Seine, to enable
us to speculate with confidence as to the coincidence in date
of the granitic gravel with human bones of the Grotte d’Arcy
and the stone-hatchets buried in ¢grey diluvium ’ of La Motte
Piquet, before mentioned ; but as the associated extinct mam-
malia are of the same species in both localities, I feel strongly
inclined to believe that the stone hatchets found by M. Gosse
at Paris, and the human bones discovered by M. de Vibraye,
may be referable to the same period.

Valley of the Oise.

A flint hatchet, of the old Abbeville and Amiens type, was
found lately by M. Peigné Delacourt at Précy near Creil, on

# Bulletin de la Société Géologique de France, 1860.
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the Oise, in gravel, resembling, in its geological position, the
lower-level gravels of Montiers near Amiens, already de-
scribed. I visited these extensive gravel-pits in 1861, in
company with Mr. Prestwich; but we remained there too
short a time to entitle us to expect to find a flint implement,
even if they had been as abundant as at St. Acheul.

In 1859, I examined, in & higher part of the same valley
of the Oise, near Chauny and Noyon, some fine railway
cuttings, which passed continuously through alluvium of the
post-pliocene period for half a mile. All this alluvium was
evidently of fluviatile origin, for, in the interstices between
the pebbles, the Anecylus fluviatilis and other freshwater
shells were abundant. My companion, the Abbé E. Lam-
bert, bad collected from the gravel a great many fossil bones,
among which M. Lartet has recognised both Elephas primi-
genius and E. antiguus, besides a species of hippopotamus
(H. major ?), also the rein-deer, horse, and the musk buffalo
(Bubalus moschatus). The latter seems never to have been
seen before in the old alluvium of France.* Over the
gravel above mentioned, near Chauny, are seen dense masses
of loam like the loess of the Rhine, containing shells of the
genera Helix and Succinea. We may suppose that the gravel
containing the flint hatchet at Précy is of the same age as that
of Chauny, with which it is continuous, and that both of them
are coeval with the tool-bearing beds of Amiens, for the basins
of the Oise and the Somme are only separated by a narrow
water-shed, and the same fossil quadrupeds occur in both.

The alluvium of the Seine and its tributaries, like that of
the Somme, contains no fragments of rocks brought from any
other hydrographical basin; yet the shape of the land, or
fall of the river, or the climate, or all these conditions, must
have been very different when the grey alluvium in which
the flint tools occur at Paris was formed. The great size of

* Lartet, Annales des Sciences Naturelles Zoologiques, tom. xv. p. 224.
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some of the blocks of granite, and the distance which they
have travelled, imply a power in the river which it no longer
possesses. We can hardly doubt that river-ice once played
a much more active part than now in the transportation of
such blocks, one of which may be seen in the Museum of the
Ecole des Mines at Paris, three or four feet in diameter.

Post-pliocene Alluvium of Emgland, containing Works

of Art.

In the ancient alluvium of the basin of the Thames, at
moderate heights above the main river, and its tributaries,
we find fossil bones of the same species of extinct and living
mammalia, accompanied by recent species of land and fresh-
water shells, as we have shown to be characteristic of the
basins of the Somme and the Seine. We can scarcely therefore
doubt that these quadrupeds, during some part of the post-
pliocene period, ranged freely from the continent of Europe
to England, at a time when there was an uninterrupted
communication by land between the two countries. The
reader will not therefore be surprised to learn that flint
implements of the same antique type as those of the valley
of the Somme have been detected in British alluvium.

The most marked feature of this alluvium in the Thames
valley is that great bed of ochreous gravel, composed chiefly
of broken and slightly worn chalk flints, on which a great
part of London is built. It extends from above Maidenhead
through the metropolis to the sea, a distance from west to east
of fifty miles, having a width varying from two to nine miles.
Its thickness ranges commonly from five to fifteen feet.* In-
terstratified with this gravel, in many places, are beds of sand,
loam, and clay, the whole containing occasionally remains of
the mammoth and other extinct quadrupeds. Fiue sections
have been exposed to view, at different periods, at Brentford

* Prestwich, Geological Quarterly Journal, vol. xii. p. 131.
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and Kew Bridge, others in London itself, and below it at
Erith in Kent, on the right bank of the Thames, and at Ilford
and Gray’s Thurrock in Essex, on the left bank. The united
thickness of the beds of sand, gravel, and loam amounts some-
times to forty or even sixty feet. They are for the most part
elevated above, but in some cases they descend below, the
present level of the overflowed plain of the Thames.

If the reader will refer to the section of the post-pliocene
sands and gravels of Menchecourt, near Abbeville, given at
p. 122, he will perfectly understand the relations of the ancient
Thames alluvium to the modern channel and plain of the
river, and their relation, on the other hand, to the boundary
formations of older date, whether tertiary or cretaceous.

So far as they are known, the fossil mollusca and mammalia
of the two districts also agree very closely, the Cyrena flumi-
nalis being common to both, and being the only extra-Euro-
pean shell, this and all the species of testacea being recent. Of
this agreement with the living fauna there is a fine illustra-
tion in Essex; for the determination of which we are indebted
to the late Mr. John Brown, F.G.S., who collected at Cop-
ford, in Essex, from a deposit containing hones of the mam-
moth, a large bear (probably Ursus speleeus), a beaver, stag,
and aurochs, no less than sixty-nine species of land and
fresh-water shells. Forty-eight of these were terrestrial, and
two of them, Helix incarnata and H. ruderata, no longer in-
habit the British Isles, but are still living on the continent,
ruderatq in high northern latitudes.* The Cyrena flumi-
nalis and the Unio littoralis, to which last I shall presently
allude, were not among the number.

I long ago suggested the hypothesis, that in the basin of
the Thames there are indications of a meeting in the post-
pliocene period of a northern and southern fauna. To the

* Quarterly Geological Journal, which may mislead some readers, but

vol. viii. p. 190, 1852. he merely meant extinet in England.
Mr. Brown calls them extinct species,  See also Jeffreys, Brit. Conch. p. 174.
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northern group may have belonged the mammoth (Elephas
prvmigenius) and the Rhinoceros tichorkinus, both of which
Pallas found in Siberia, preserved with their flesh in the ice.
With these are occasionally associated the rein-deer. In 1855
the skull of the musk-ox (Bubalus moschatus) was also found
in the ochreous gravel of Maidenhead, by the Rev. C. Kingsley
and Mr. Lubbock; the identification of this fossil with the
living species being made by Professor Owen. A second fossil
skull of the same arctic animal was afterwards found by
Mr. Lubbock near Bromley, in the valley of a small tribu-
tary of the Thames; and two other skulls, those of a bull
and a cow were dug up near Bath Easton from the gravel
of the valley of the Avon by Mr. Charles Moore. Professor
Owen has truly said, that, ¢ as this quadruped has a constitu-
tion fitting it at present to inhabit the high northern regions
of America, we can hardly doubt that its former companions,
the warmly-clad mammoth and the two-horned woolly rhino-
ceros (R. tichorhinus), were in like manner capable of sup-
porting life in a cold climate.’ *

I have alluded at p. 153 to the recent djscovery of this same
buffalo near Chauny, in the valley of the Oise, in France; and
in 1856 I found a skull of it preserved in the museum at
Berlin, which Professor Quenstedt, the curator, had correctly
named so long ago as 1836, when the fossil was dug out
of drift, in the hill called the Kreuzberg, in the southern
suburbs of that city. By an account published at the time, we
find that the mammalia which accompanied the musk buffalo
were the mammoth and tichorhine rhinoceros, with the horse
and ox; t but I can find no record of the occurrence of a hippo-
potamus, nor of Elephas antiquus or Rhinoceros leptorhinus,
in the drift of the north of Germany, bordering the Baltic.

On the other hand, in another locality in the same drift of

* Geological Quarterly Journal, 1 Leonhard and Bronn’s Jahrbuch,
vol. xii. p. 124. 1836, p. 216.
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North Germany, Dr. Hensel, of Berlin, detected, near Qued-
linburg, the Norwegian Lemming (Myodes Lemmus), and
another species of the same family called by Pallas Myodes tor-
quatus(by Hensel, Misothermustorquatus)—a still more arctic
quadruped, found by Parry in latitude 82°, and which never
strays farther south than the northern borders of the woody
region. Professor Beyrich also informs me that the remains of
the Rhinoceros tichorhinus were obtained at the same place.*

As an example of what may possibly have constituted a
more southern fauna in the valley of the Thames, I may
allude to the fossil remains found in the fluviatile alluvium
of Gray’s Thurrock, in Essex, situated on the left bank of the
river, twenty-one miles below London. The strata of brick-
earth, loam, and gravel exposed to view in artificial excava-
tions in that spot, are precisely such as would be formed by the
silting up of an old river channel. Among the mammalia are
Elephas antiquus, Rhinoceros leptorhinus (R. megarhinus,
Chbristol), Hippopotamus major, species of horse, bear, ox,
stag, &e., and, among the accompanying shells, Cyrena fluma-
nalis, which is extremely abundant, instead of being scarce,
as at Abbeville. It isassociated with Unio littoralis, fig. 22,
also in great numbers, and with both valves united. This
conspicuous fresh-water mussel is no longer an inhabitant of
the British Isles, but still lives in the Seine, and is still more
abundant in the Loire. Another fresh-water univalve ( Palu~
dina marginata, Michaud), not British, but common in the
south of France, likewise occurs, and a peculiar variety of
Cyclas amnica, which by some naturalists has been regarded
asa distinct species. With these, moreover, is found a peculiar
variety of Valvata piscinalis.

If we consult Dr. Von Schrenck’s account of the living
mammalia of Amoorland, lying between lat. 45° and 55° North,

* Zeitschrift der Deutschen Geologischen Gesellschaft, vol. vii. 1855,
p. 497, &e.
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we learn that, in that part of North-Eastern Asia recently

annexed to the Russian empire, no less than thirty-four out

of fifty-eight living quadrupeds are identical with European
Fig. 22

Unio littoralis, Gray's Thurrock, Essex; extinct in British Isles,
living in France.

species, while some of those which do not extend their range
to Europe are arctic, others tropical forms. The Bengal tiger
ranges northwards occasionally to lat. 52° North, where he
chiefly subsists on the flesh of the rein-deer, and the same
tiger abounds in lat. 48° to-which the small tail-less hare or
pika, a polar resident, sometimes wanders southwards.* We
may readily conceive that the countries now drained by the
Thames, the Somme, and the Seine, were, in the post-pliocene
period, on the borders of two distinet zoological provinces,
one lying to the north, the other to the south, in which case
many species belonging to each fauna endowed with migra-
tory habits, like the living musk-buffalo or the Bengal tiger,
may have been ready to take advantage of any, even the
slightest, change in their favour to invade the neighbouring
province, whether in the summer or winter months, or
permanently for a series of years, or centuries. The Elephas
antiquus and its associated Rhinoceros leptorhinus may
have preceded the mammoth and tichorhine rhinoceros in the

* Mammalia of Amoorland, Natural History Review, vol. i. p. 12, 1861.
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valley of the Thames, or both may have alternately prevailed
in the same area in the post-pliocene period.

In attempting to settle the chronology of fluviatile deposits,
it is almost equally difficult to avail ourselves of the evidence
of organic remains and of the superposition of the strata,
for we may find two old river-beds on the same level in
juxta-position, one of them perhaps many thousands of years
posterior in date to the other. I have seen an example of

this at Ilford, where the Thames, or a tributary stream,
has at some former period cut through sands containing
Cyrena fluminalis, and again filled up the channel with
argillaceous matter, evidently derived from the waste of the
tertiary London clay. Such shiftings of the site of the main
channel of the river, the frequent removal of gravel and sand
previously deposited, and the throwing down of new alluvium,
the flooding of tributaries, the rising and sinking of the land,
fluctuations in the cold and heat of the climate — all these
changes seem to have given rise to that complexity in the
fluviatile deposits of the Thames, which accounts for the small
progress we have hitherto made in determining their order of
succession, and that of the imbedded groups of quadrupeds.
It may happen, as at Brentford and Ilford, that sand-pits in
two adjoining fields may each contain distinct species of
elephant and rhinoceros ; and the fossil remains in both cases
may occur at the same depth from the surface, yet may be
severally referable to different parts of the post-pliocene
epoch, separated by thousands of years. |

The relation of the glacial period to alluvial deposits, such as
that of Gray’s Thurrock, where the Cyrena fluminalis, Unio
littoralis, and the hippopotamus seem rather to imply a warmer
climate, has been a matter of long and animated discussion.
Patches of the northern drift, at elevations of about two
hundred feet above the Thames, occur in the neighbourhood
of London, as at Muswell Hill, near Highgate. In this drift,
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blocks of granite, syenite, greenstone, coal-measure sandstone
with its fossils, and other pal@ozoic rocks, and the wreck of
chalk and oolite, occur confusedly mixed together. The same
glacial formation is also found capping some of the Essex hills
farther to the east, and extending some way down their
southern slopes towards the valley of the Thames. Although
no fragments washed out of these older and upland drifts
have been found in the gravel of the Thames containing
elephants’ bones, it is fair to presume, as Mr. Prestwich has
contended,* that the glacial formation is the older of the two,
and that it originated, as we shall seein a future chapter, when
the greater part of England was submerged beneath the sea.
In short, we must suppose that the basin of the Thames and
all its fluviatile deposits are post-glacial, in the modified sense
of that term; 7. e. that they were subsequent to the marine
drift of the central and northern counties, and to the period
of its emergence above the level of the sea.

Having offered these general remarks on the alluvium of
the Thames, I may now say something of the implements
hitherto discovered in it. In the British Museum there is a
flint weapon of the spear-headed form, such as is represented in
fig. 8, p. 114, which we are told was found with an elephant’s
tooth at Black Mary’s, near Gray’s Inn Lane, London. In
a letter dated 1715, printed in Herne’s edition of ¢ Leland’s
Collectanea,’ vol. i. p. 73, it is stated to have been found in the
presence of Mr. Conyers, with the skeleton of an elephant.}
So many bones of the elephant, rhinoceros, and hippopotamus
have been found in the gravel on which London stands, that
there is 1o reason to doubt the statement as handed down to
us. Fossil remains of all these three genera have been dug
up on the site of Waterloo Place, St. James’s Square, Charing
Cross, the London Docks, Limehouse, Bethnal Green, and

* Prestwich, Quart. Geol. Journ., ibid, 1861, p. 446.
1856, p. 110; ibid, 1866, p. 133 ; and t Evans, Archologia, 1860.
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other places within the memory of persons now living.
In the gravel and sand of Shacklewell, in the north-east
district of London, I have myself collected specimens of
the Cyrena fluminalis in great numbers, see fig. 17 ¢, p. 124,
with the bones of deer and other mammalia.

In the alluvium also of the Wey, near Guildford, in a
place called Pease Marsh, a wedge-shaped flint implement,
resembling one brought from St. Acheul, by Mr. Prestwich,
and compared by some antiquaries to a sling-stone, was ob-
tained in 1836 by Mr. Whitburn, four feet deep in sand and
gravel, in which the teeth and tusks of elephants had been
found. The Wey flows through the gorge of the North
Downs at Guildford to join the Thames. Mr. Austen has
shown that this drift is so ancient that one part of it had been
disturbed and tilted before another part was thrown down.*

Among other places where flint tools of the antique type
have been met with in the course of the last three years, I
may mention one of an oval form found by Mr. Whitaker in
the valley of the Darent, in Kent, and another which Mr. Evans
found lying on the shore at Swalecliff, near Whitstable, in
the same county, where Mr. Prestwich had previously de-
scribed a fresh water deposit, resting on the London clay,
and consisting chiefly of gravel, in which an elephant’s tooth
and the bones of a bear were embedded. The flintimplement
was deeply discoloured and of a peculiar bright light brown
colour, similar to that of the old fluviatile gravel in the cliff.

Another flint implement was found in 1860, by Mr. T.
Leech, at the foot of the cliff between Herne Bay and the
Reculvers, and on further search five other specimens of the
spear-head pattern so common at Amiens. Messrs. Prestwich
and Evans have since found three other similar tools on the
beach, at the base of the same wasting cliff, which consists of
sandy Eocene strata, covered by a gravelly deposit of fresh-

* Quarterly Geological Journal, 1851, vol. vil. p. 278.
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water origin, about fifty feet above the sea-level, from which
the flint weapons must have been derived. Such old alluvial
deposits now capping the cliffs of Kent seem to have been
the river-beds of tributaries of the Thames before the sea
encroached to its present position and widened its estuary.
On following up one of these fresh-water deposits westward
of the Reculvers, Mr. Prestwich found in it, at Chislet, near
Grove Ferry, the Oyrena fluminalis among other shells.
The changes which have taken place in the physical geo-
graphy of this part of England during, or since, the post-
pliocene period, have consisted partly of such encroachments
of the sea on the coast as are now going on, and partly of a
general subsidence of the land. Among the signs of the
latter movement may be mentioned a fresh-water formation
at Faversham, below the level of the sea. The gravel there
contains exclusively land and fluviatile shells, of the same
species as those of other localities of the post-pliocene allu-
vium before mentioned, and must have been formed when
the river was at a higher level and when it extended farther
east. At that era it was probably a tributary of the Rhine,
as represented by Mr. Trimmer in his ideal restoration of the
geography of the olden time.* For England was then united
to the continent, and what is now the German Ocean was
land. It is well known that in many places, especially near
the coast of Holland, elephants’ tusks and other bones are
often dredged up from the bed of that shallow sea, and the
reader will see in the map given in Chap. XIII. how vast would
be the conversion of sea into land by an upheaval of 600 feet.
Vertical movements of much less than half that amount would
account for the annexation of England to the continent, and
the extension of the Thames and its valley far to the north-
east, and the flowing of rivers from the easternmost parts of

* Quarterly Geological Journal, vol. ix, pL 13, No. 4.
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Kent and Essex into the Thames, instead of emptying them-
selves into its estuary.

More than a dozen flint weapons of the Amiens type have
already been found in the basin of the Thames; but the
geological position of no one of them has as yet been ascer-
tained with the same accuracy as that of many of the tools
dug up in the valley of the Somme.*

Flint Implements of the Valley of the Ouse, near Bedford.

The ancient fluviatile gravel of the valley of the Ouse,
around Bedford, has been noted for the last thirty years for
yielding to collectors a rich harvest of the bones of extinct
mammalia. By observations made in 1854 and 1858, Mr.
Prestwich had ascertained that the valley was bounded on
both sides by oolitic strata, capped by boulder clay, and that
the gravel No. 3, fig. 23, contained bones of the elephant,
rhinoceros, hippopotamus, bos, equus and cervus, which
animals he therefore inferred must have been posterior in
date to the boulder clay, through which, as well as the
subjacent oolite, the valley had been excavated. Mr., Evans
had found in the same gravel many land and fresh-water
shells, and these discoveries induced Mr. James Wyatt, of
Bedford, to pay two visits to St. Acheul, in order to compare
the implement-bearing gravels of the Somme with the drift
of the valley of the Ouse. After his return he resolved to
watch carefully the excavation of the gravel-pits at Bidden-
ham, two miles WN'W. of Bedford, in the hope of finding there
similar works of art. With this view he paid almost daily
visits for months in succession to those pits, and was at last
rewarded by the discovery of two well-formed implements,
one of the spear-head and the other of the oval shape, perfect
counterparts of the two prevailing French types figured at

¥ See Appendix B¥*, ‘Flint implement found with mammoth bones in
Wiltshire,’
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pp- 114,115. Both specimens were thrown out by the work-
men on the same day from the lowest bed of stratified gravel
and sand, thirteen feet thick, containing bones of the elephant,
deer, and ox, and many fresh-water shells. The two imple-
ments occurred at the depth of thirteen feet from the surface
of the soil, and rested immediately on solid beds of oolitic
limestone, as represented in the accompanying section,
Having been invited by Mr. Wyatt to verify these facts, I

Fig. 23

Biddenham
G'rm’:al Pt

e = = Ouse. R
= N\ I -
= N

Section across the Valley of the Ouse, two miles WNW. of Bedford.*

1 Oolitic strata.

2 Boulder clay, or marine northern drift, rising to about ninety feet
above the Ouse.

8 Ancient gravel, with elephant bones, freshwater shells, and flint im-
plements.

4 Modern alluvium of the Ouse.

a Bidc}enhglm gravel pits, at the bottom of which flint tools were

oun

went to Biddenham within a fortnight of the date of his
discovery (April 1861), and, for the first time, saw evidence
which satisfied me of the chronological relations of those three
phenomena, the antique tools, the extinct mammalia, and
the glacial formation. On that occasion I examined the pits
in company with Messrs. Prestwich, Evans, and Wyatt, and
we collected ten species of shells from the stratified drift
No. 3, or the beds overlying the lowest gravel from which
the flint implements had been exhumed. They were all of
common fluviatile and land species now living in the same
part of England. Since our visit, Mr. Wyatt has added to
them Paludina marginata Michaud (Hydrobia of some

* Prestwich, Quarterly Geological Society, vol. xvii. p. 364, 1861; and Wyatt,
¢ Geologist,’ Monthly Magazine, 1861, p. 242.
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authors, see p. 225 infra), a species of the South of France
no longer inhabiting the British Isles. The same geologist
has also found, since we were at Biddenham, several other
flint tools of corresponding type, both there and at other
localities in the Valley of the Ouse, near Bedford.

The boulder clay, No. 2, extends for miles in all directions,
and was evidently once continuous from b to ¢, before the
valley was scooped out. It is a portion of the great marine
glacial drift of the midland counties of England, and contains
blocks, some of large size, not only of the oolite of the neigh-
bourhood, but of chalk and other rocks transported from still
greater distances, such as syenite, basalt, quartz, and new red
sandstone. These erratic blocks of foreign origin are often
polished and striated, having undergone what is called
glaciation, of which more will be said by and by. Blocks
of the same mineral character, embedded at Biddenham
in the gravel No. 3, have lost all signs of this striation by
the friction to which they were subjected in the old river-bed.

The great width of the valley of the Ouse, which is some-
times two miles, has not been expressed in the diagram. It
may have been shaped out by the joint action of the river and
the tides when this part of England was emerging from the
waters of the glacial sea, the boulder clay being first cut
through, and then an equal thickness of underlying oolite.
After this denudation, which may have accompanied the
emergence of the land, the country was inhabited by the
primitive people who fashioned the flint tools. The
old river, aided perhaps by the continued upheaval of the
whole country, or by oscillations in its level, went on
widening and deepening the valley, often shifting its channel,
until at length a broad area was covered by a succession
of the earliest and latest deposits, which may have cor-
responded in age to the higher and lower gravels of the valley
of the Somme, already described, p. 130.
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At Biddenbam, and elsewhere in the same gravel, remains
of Elephas amtiquus have been discovered, and Mr. Wyatt
obtained, Jan. 1863, a flint implement associated with bones
and teeth of hippopotamus from gravel at Summerhouse hill,
which lies east of Bedford, lower down the valley of the Ouse,
and four miles from Biddenham.

~ One step at least we gain by the Bedford sections, which
those of Amiens and Abbeville had not enabled us to make.
They teach us that the fabricators of the antique tools, and
the extinct mammalia coeval with them, were all post-glacial,
or, in other words, posterior to the grand submergence of
Central England beneath the waters of the glacial sea.

Flint Implements in a Freshwater Deposit at Hoxne in
Suffolk.

So early as the first year of the present century, a re-
markable paper was communicated to the Society of An-
tiquaries by Mr. John Frere, in which he gave a clear
description of the discovery at Hoxne, near Diss, in Suffolk,
of flint tools of the type since found at Amiens, adding at the
same time good geological reasons for presuming that their an-
tiquity was very great, or, as he expressed it, beyond that of
the present world, meaning the actual state of the physical
geography of that region. ¢The flints,’ he said, ©were
evidently weapons of war, fabricated and used by a people
who had not the use of metals. They lay in great numbers at
the depth of about twelve feet in a stratified soil which was dug
into for the purpose of raising clay for bricks. Under a foot
and a half of vegetable earth was clay seven and a half feet
thick, and beneath this one foot of sand with shells, and under
‘this two feet of gravel, in which the shaped flints were found
generally at the rate of five or six in a square yard. In the
sandy beds with shells were found the jaw bone and teeth of
an enormous unknown animal. The manner in which the
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flint weapons lay would lead to the persuasion that it was a
place of their manufacture, and not of their accidental de-
posit. Their numbers were so great that the man who carried
on the brick-work told me that before he was aware of their
being objects of curiosity, he had emptied baskets full of them
into the ruts of the adjoining road.’

Mr. Frere then goes on to explain that the strata in which
the flints occur are disposed horizontally, and do not lie at the
foot of any higher ground, so that portions of them must have
been removed when the adjoining valley was hollowed out.
If the author had not mistaken the freshwater shells associated
with the tools for marine species, there would have been
nothing to correct in his account of the geology of the dis-
trict, for he distinctly perceived that the strata in which the
implements were embedded had, since that time, undergone
very extensive denudation.* Specimens of the flint spear-
heads, sent to London by Mxr. Frere, are still preserved in the
British Museum, and others are in the collection of the Society
of Antiquaries.

Mr. Prestwich’s attention was called by Mr. Evans to those
weapons, as well as to Mr. Frere’s memoir after his return
from Amiens in 1859, and he lost no time in visiting Hoxne,
a village five miles eastward of Diss. It is not a little re-
markable that he should have found, after a lapse of sixty
years, that the extraction of clay was still going on in the
same brick-pit. Only a few months before his arrival, two
flint instruments had been dug out of the clay, one from a
depth of seven and the other of ten feet from the surface.
Others have since been disinterred from undisturbed beds of
gravel in the same pit. Mr. Amyot, of Diss, has also obtained
from the underlying freshwater strata the astragalus of an
elephant, and bones of the deer and horse; but although
many of the old implements have recently been discovered

* Frere, Archeeologia for 1800, vol. xiii. p, 206.
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im sitw in regular strata and preserved by Sir Edward Kerrison,
no bones of extinct mammalia seem as yet to have been
actually seen in the same stratum with one of the tools.

By reference to the annexed section, the geologist will see
that the basin-shaped hollow a, b, ¢, has been filled up gradually
with the fresh-water strata 3, 4, 5, after the same cavity a, b, ¢,
had been previously excavated out of the more ancient boulder
clay, No. 6. The relative position of these formations will be
better understood when I have described in the Twelfth

Fig. 24
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Section showing the position of the flint weapons at Hoxne, near Diss, Suffolk.
See Prestwich, Philosophical Transactions, P1. 11. 1860.

1 Gravel of Gold Brook, a tributary of the Waveny.’ -

2 Higher-level gravel overlying the freshwater deposit.

3 and 4. Sand and gravel, with freshwater shells, and flint imple-

ments, and bones of mammalia.

& Peaty and clayey beds, with same fossils,

6 Boulder clay or glacial drift.

7 Sand and gravel below boulder clay.

8 Chalk with flints.
Chapter the structure of Norfolk and Suffolk as laid open in
the sea-cliffs at Mundesley, about thirty miles distant from
Hoxne, in a North North-east direction.

I examined the deposits at Hoxne in 1860, when I had
the advantage of being accompanied by the Rev. J. Gunn, and
the Rev. S. W. King. In the loamy beds 3 and 4, fig. 24,
we observed the common river shell Valvata piscinalis in
great numbers. With it, but much more rare, were Limneq
palustris, Planorbis albus, P. spirorbis, Succinea putris,
Bithinia tentaculata, Cyclas cormea; and Mr. Prestwich
mentions Cyclas amnica and fragments of a Unio, besides

geveral land shells. In the black peaty mass No. 5, fragments
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of wood of the oak, yew, and fir have been recognised. The
flint weapons which I have seen from Hoxne are so much
more perfect, and have their cutting edge so much sharper
than those from the Valley of the Somme, that they seem
neither to have been used by Man, nor to have been rolled in
the bed of a river. The opinion of Mr. Frere, therefore, that
there may have been a manufactory of weapons on the spot,
appears probable.

Flint Implements at Icklingham in Suffolk.

In another part of Suffolk, at Icklingham, in the Valley of
the Lark, below Bury St. Edmund’s, there is a bed of gravel,
in which teeth of Elephas primigenius and several flint tools,
chiefly of a lance-head form, have been found. I have twice
visited the spot, which has been correctly described by Mr.
Prestwich.*

The section of the Bedford tool-bearing alluvium, given at
p- 155, may serve to illustrate that of Icklingham, if we sub-
stitute chalk for oolite, and the river Lark for the Quse. In
both cases, the present bed of the river is about thirty feet
below the level of the old gravel, and the chalk hill, which
bounds the Valley of the Lark on the right side, is capped
like the oolite of Biddenham by boulder clay, which rises to
the height of one hundred feet above the Lark. About
twelve years ago, a large erratic block, above four feet in
diameter, was dug out of the boulder clay at Ickliﬁgham,
which I found to consist of a hard siliceous schist, apparently
a Silurian rock, which must have come from a remote region.
The tool-bearing gravel here, as in the case to which it has
been compared near Bedford, is proved to be newer than the
glacial drift, by containing pebbles of basalt and other rocks
derived from that formation.

* Quarterly Geological Journal, 1861, vol. xvii, p. 364.
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CHAPTER X.

CAVERN DEPOSITS, AND PLACE OF SEPULTURE OF THE POST-
PLIOCENE PERIOD.

FLINT IMPILEMENTS IN CAVE CONTAINING HYJENA AND OTHER EXTINCT
MAMMALIA IN SOMERSETSHIRE — CAVES OF THE GOWER PENINSULA IN
SOUTH WALES— RHINOCEROS HEMIT@ECHUS — OSSIFEROUS CAVES NEAR
PALERMO — SICILY ONCE PART OF AFRICA — RISE OF BED OF THE
MEDITERRANEAN TO THE HEIGHT OF THREE HUNDRED FEET IN THE
HUMAN PERIOD IN SARDINIA — BURIAL-PLACE OF POST-PLIOCENE DATH
OF ATURIGNAC IN THE SOUTH OF FRANCE — RHINOCEROS TICHORHINUS
BATEN BY MAN — M. LARTET ON EXTINCT MAMMALIA AND WORKS OF
ART TFOUND IN THE AURIGNAC CAVE — RELATIVE ANTIQUITY OF THE
SAME CONSIDERED.

Works of Art associated with extinct Mammalia in
Cavern wn Somersetshire.

HE only British cave from which implements resembling
those of Amiens have been obtained, since the attention

of geologists has been awakened to the importa,nc:e of minutely
observing the position of such relics relatively to the asso-
ciated fossil mammalia, is that recently opened near Wells in
Somersetshire. It occurs near the cave of Wokey Hole, from
the mouth of which the river Axe issues on the southern
flanks of the Mendips. No one had suspected that on the left
side of the ravine, through which the river flows after escaping
from its subterranean channel, there were other caves and
fissures concealed beneath the green sward of the steep
sloping bank. About ten years ago, a canal was made,
several hundred yards in length, for the purpose of leading
the waters of the Axe to a paper-mill, now occupying the
middle of the ravine. In carrying out this work, about
twelve feet of the left bank was cut away, and a cavernous
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fissure, choked up to the roof with ossiferous loam, was then,
for the first time, exposed to view. This great cavity, origi-
nally nine feet high and thirty-six wide, traversed the
dolomitic conglomerate; and fragments of that rock, some
angular and others water-worn, were scattered through the
red mud of the cave, in which fossil remains were abundant,
For an account of them and the position they occupied we
are indebted to Mr. Dawkins, F.G.S., who, in company with
Mr. Williamson, explored the cavern in 1859, and obtained
from it the bones of the Hywna speleea in such numbers as to
lead him to conclude that the cavern had for a long time been
a hywna’s den. Among the accompanying animals found fossil
in the same bone-earth, were observed Elephas primigenius,
Rhinoceros tichorhinus, Ursus spelceus, Bos primigenius,
Megaceros Hibernicus, Cervus Tarandus (and other species
of Cervus), Felis spelwa, Canis Lupus, Canis Vulpes, and
teeth and bones of the genus Fquus in great numbers.

Intermixed with the above fossil bones were some arrow-
heads, made of bone, and many chipped flints, and chipped
pieces of chert, a white or bleached flint weapon of the
spear-head Amiens type, which was taken out of the undis-
turbed matrix by Mr. Williamson himself, together with a
hywena’s tooth, showing that Man had either been contempo-
raneous with or had preceded the extinet fauna. After
penetrating thirty-four feet from the entrance, Mr. Dawkins
found the cave bifurcating into two branches, one of which
was vertical. By this rent, perhaps, some part of the contents
of the cave may have been introduced.*

When I examined the spot in 1860, after I had been shown
some remains of the hywena collected there, I felt convinced
that a complete revolution must have taken place in the
topography of the district since the time of the extinct

* W. B. Dawking, F.G.S., Geological Society’s Proccedings, January 1862.
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quadrupeds. I was not aware at the time that flint tools
had been met with in the same bone-deposit.

Caves of Gower in Glamorganshire, South Wales.

The ossiferous caves of the peninsula of Gower in Gla-
morganshire have been diligently explored of late years by
Dr. Falconer and Lieutenant-Colonel E. R. Wood, who have
thoroughly investigated the contents of many which were
previously unknown. Among these Dr. Falconer’s skilled
eye has recognised the remains of almost every quadruped
which be had elsewhere found fossil in British caves: insome
places the Elephas primigenius, accompanied by its usual

‘companion the Rhinoceros tichorhinus, in others Elephas
antiquus associated with Rhinoceros hemitechus Falconer ;
the extinct animals being often embedded, as in the Belgian
caves, in the same matrix with species now living in Europe,
such as the common badger (Meles Tazus), the common wolf,
and the fox.

In a cavernous- fissure called the Raven’s cliff, teeth of
several individuals of Hippopotamus major, both young and
old, were -found ; and this in a district where there is now
scarce a rill of running water, much less a river in which such
quadrupeds could swim. In one of the caves, called Spritsail
Tor, bones of the elephants above named were observed, with
a great many other quadrupeds of recent and extinct species.

From one fissure, called Bosco’s Den, no less than one thou-
sand antlers of the rein-deer, chiefly of the variety called
Cervus Guettardi, were extracted by the persevering ex-
ertions of Colonel Wood, who estimated that several hundred
more still remained in the bone-earth of the same rent.

They were mostly shed horns, and of young animals; and
had been washed into the rent with other bones, and with
angular fragments of limestone, and all enveloped in the same
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ochreous mud. Among the other bones, which were not
numerous, were those of the cave-bear, wolf, fox, ox, stag,
and field-mouse.

But the discovery of most importance, as bearing on the
subject of the present work, is the occurrence in a newly-
discovered cave, called Long Hole, by Colonel Wood, in 1861,
of the remains of two species of rhinoceros, R. tichorhinus and
R. hematcechus Falconer, in an undisturbed deposit, in the
lower part of which were some well-shaped flint knives,
evidently of human workmanship. It is clear from their po-
sition that Man was coeval with these two species. We have
elsewhere independent proofs of his coexistence with every
other species of the cave-fauna of Glamorganshire; but this
is the first well-authenticated example of the occurrence of
R. Lemitwchus in connection with human implements,

In the fossil fauna of the valley of the Thames, Rhinoceros
leptorhinus was mentioned as occurring at Gray’s Thurrock
with Elephas antiqguus. Dr. Falconer, in a memoir which
he is now preparing for the press on the European pliocene
and post-pliocene species of the genus Rhinoceros, has shown
that, under the above name of R. leptorhinus, three distinct
species have been confounded by Cuvier, Owen, and other
pal@ontologists : —

1. R. megarhinus Christol, being the original and typical
R. leptorhinus of Cuvier, founded on Cortesi’s Monte Zago
cranium, and the only pliocene, or post-pliocene European
species, that had not a nasal septum.—Gray’s Thurrock, &e.

2. R.Iemitwechus Falconer, in which the ossification of the
septum dividing the nostrils is incomplete in the middle,
besides other cranial and dental characters distingunishing it
from R. tichorhinus, accompanies Elephas antiquus in most
of the oldest British bone-caves, such as Kirkdale, Cefn,
Durdham Down, Minchin Hole, and other Gower caverns
— also found at Clacton, in Essex, and in Northamptonshire.
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3. R. etruscus Falconer, a comparatively slight and slender
form, also with an incomplete bony septum,* occurs deep
in the Val d’Arno deposits, and in the ¢Forest bed,’ and
superimposed blue clays, with lignite, of the Norfolk coast,
but nowhere as yet found in the ossiferous caves in Britain.

Dr. Falconer announced in 1860 his opinion that the
filling up of the Gower caves in South Wales took place after
the deposition of the marine boulder clay,} an opinion in
harmony with what we bave since learnt from the section of
the gravels near Bedford, given above at p. 155, where a
fauna corresponding to that of the Welsh caves characterises
the ancient alluvium, and is shown to be clearly post-glacial,
in the sense of being posterior in date to the submergence of
the. midland counties beneath the waters of the glacial sea.
In the same sense the late Edward Forbes declared, in 1846,
his conviction that not only the Cervus megaceros, but also the
mammoth and other extinet pachyderms and carnivora, had
lived in Britain in post-glacial times.} The Gower caves in
general have their floors strewed over with sand, containing
marine shells, all of living species; and there are raised
beaches on the adjoining coast, and other geological signs of
great alteration in the relative level of land and sea, since
that country was inhabited by the extinct mammalia, some
of which, as we have seen, were certainly coeval with Man.

Ossiferous Caves in North of Sicily.

Greologists have long been familiar with the fact that on
the northern coast of Sicily, between Termini on the east, and
Trapani on the west, there are several caves containing the
bones of extinct animals. These caves are situated in rocks
of hippurite limestone, a member of the cretaceous series, and

# See Falconer, Quarterly Geolo- vol. xvi. p. 491, 1860.

gical Journal, vol. xv. p. 602. } Memoirs of Geol. Survey, pp. 394~
t Geological Quarterly Journal, 397,
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some of them may be seen on both sides of the Bay of
Palermo. If in the neighbourhood of that city we proceed
from the sea inland, ascending a sloping terrace, composed of
the marine Newer Pliocene strata, we reach about a mile from
the shore, and at the height of about one hundred and eighty
feet above it, a precipice of limestone, at the base of which
appear the entrances of several caves. In that of San Ciro,
on the east side of the bay, we find at the bottom sand with
marine shells, forty species of which have been examined, and
found almost all to agree specifically with mollusca now
inhabiting the Mediterranean. Higher in position, and
resting on the sand, is a breccia, composed of pieces of
limestone, quartz, and schist in a matrix of brown marl,
through which land shells are dispersed, together with
bones of two species of hippopotamus, as determined by
Dr. Falconer. Certain bones of the skeleton were counted in
such numbers as to prove that they must bhave belonged to
several hundred individuals. With these were associated the
remains of Elephas antiquus, and bones of the genera Bos,
Cervus, Sus, Ursus, Canis, and a large Felis. Some of these
bones have been rolled as if partially subjected to the action
of water, and may have been introduced by streams through
rents in the hippurite limestone; but there is now no
running water in the neighbourhood, no river such as the
hippopotamus might frequent, not even a small brook, so that
the physical geography of the district must have been alto-
gether changed since the time when such remains were swept
into fissures, or into the channels of engulfed rivers.

No proofs seem yet to have been found of the existence of
Man at the period when the hippopotamus and Elephas an-
liquus flourished at San Ciro. But there is another cave
called the Grotto di Maccagnone, which much resembles it
in geological position, on the opposite or west side of the Bay
of Palermo, near Carini. In the bottom of this cave a bone
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deposit like that of San Ciro occurs, and above it other
materials reaching to the roof, and evidently washed in from
above, through crevices in the limestone. In this upper and
newer breccia Dr. Falconer discovered flint knives, bone
splinters, bits of charcoal, burnt clay, and other objects in-
dicating human intervention, mingled with entire land shells,
teeth of horses, coprolites of hyznas, and other bones, the
whole agglutinated to one another and to the roof by the
infiltration of water holding lime in solution. The perfect
condition of the large fragile helices (Heliz vermiculaia)
afforded satisfactory evidence, says Dr. Falconer, that the
various articles were carried into the cave by the tranquil
agency of water, and not by any tumultuous action. At a
subsequent period other geographical changes took place, so
that the cave, after it had been filled, was washed out again,
or emptied of its contents with the exception of those patches
of breccia which, being cemented together by stalactite, still
adhere to the roof.*

Baron Anca, following up these investigations, explored, in
1859, another cave at Mondello, west of Palermo, and north
of Mount Gallo, where he discovered molars of the living
African elephant, and afterwards additional specimens of the
same species in the neighbouring grotto of Olivella. In re-
ference to this elephant, Dr. Falconer has reminded us that
the distance between the nearest part of Sicily and the coast
of Africa, between Marsala and Cape Bon, is not more than
eighty miles, and Admiral Smyth, in his Memoir on the
Mediterranean, states (p. 499) that there is a subaqueous
plateau, named by him Adventure Bank, uniting Sicily to
Africa by a succession of ridges which are not more than
from forty to fifty fathoms under water.} Sicily therefore

* Note, Quarterly Geological Journal, dent of Geological Society, Anni-
vol. xvi, p. 105, 1860. versary Address, February 1861,
+ Note, Cited by Mr, Horner, Presi- p. 42.
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might be re-united to Africa by movements of upheaval not
oreater than those which are already known to have taken
place within the human period on the borders of the Mediter-
ranean, of which I shall now proceed to cite a well-authen-
ticated example, observed in Sardinia.

Rise of the Bed of the Sea to the Height of 300 Feet, in the
Human Period, in Sardinia.

Count Albert de la Marmora, in his description of the geo-
logy of Sardinia,* has shown that on the southern coast of
that island, at Cagliari and in the neighbourhood, an ancient
bed of the sea, containing marine shells of living species, and
numerous fragments of antique pottery, has been elevated
to the height of from 230 to 324 feet above the present
level of the Mediterranean. Opysters and other shells, of
which a careful list has been published, including the common
mussel (Mytilus edulis), many of them having both valves
united, occur, embedded in a breccia in which fragments of
limestone abound. The mussels are often in such numbers
as to impart, when they have decomposed, a violet colour
to the marine stratum. Besides pieces of coarse pottery,
a flattened ball of baked earthenware, with a hole through
its axis, was found in the midst of the marine shells. It is
supposed to bave been used for weighting a fishing net. Of
this and of one of the fragments of ancient pottery Count
de la Marmora has given figures.

The upraised bed of the sea probably belongs in this in-
stance to the post-pliocene period, for in a bone breccia, filling
fissures in the rocks around Cagliari, the remains of extinct
mammalia have been detected ; among which is a new genus
of carnivorous quadruped, named Cynotheriwm by M. Studiati,
aud figured by Count de la Marmora in his Atlas (pl. vii.), also

* Partie Géologique, tom. i. pp. 352, 387.
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an extinet species of Lagomys, determined by Cuvier in 1825,
Embedded in the same bone breccia, and enveloped with red
earth like the mammalian remains, were detected shells of
the Mytilus edulis before mentioned, implying that the
marine formation containing shells and pottery had been
already upheaved and exposed to denudation before the
remains of quadrupeds were washed into these rents and
included in the red earth. In the vegetable soil covering the
upraised marine stratum, fragments of Roman pottery occur.

If we assume the average rate of upheaval to have been, as
before hinted, p. 58, two and a half feet in a century, 300 feet
would give an antiquity of 12,000 years to the Cagliari pot-
tery, even if we simply confine our estimate to the upheaval
above the sea-level, without allowing for the original depth of
water in which the mollusca lived. Even then our calculation
would merely embrace the period during which the upward
movement was going on; and we can form at present no con-
jecture as to the probable era of its commencement or termi-
nation.

I learn from Capt. Spratt, R.N., that the island of Crete
or Candia, about 135 miles in length, has been raised at its
western extremity about twenty-five feet ; so that ancient ports
are now high and dry above the sea, while at its eastern end it
has sunk so much that the ruins of old towns are seen under
water. Revolutions like these in the physical geography of the
countries bordering the Mediterranean, may well help us to
understand the phenomena of the Palermo caves, and the
presence in Sicily of African species of mammalia.

Climate and Habits of the Hippopotamus.

As I have alluded more than once in this chapter (pp. 172,
175) to the occurrence of the remains of the hippopotamus
in places where there are now no rivers, not even a rill of
water, and as other bones of the same genus have been met
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with in the lower level gravels of the Somme (p. 134), where
large blocks of sandstone seem to imply that ice once played a
part in their transportation, it may be well to consider, before
proceeding farther, what geographical and climatal conditions
are indicated by the presence of these fossil pachyderms.

It is now very generally conceded that the mammoth and
tichorhine rhinoceros were fitted to inhabit northern regions,
and it is therefore matural to begin by asking whether the
extinct hippopotamus may not in like manner have flourished
in a cold climate. In answer to this enquiry, it has been
remarked, that the living hippopotami, anatomically speaking
so closely allied to the extinct species, are so aquatic and
fluviatile in their habits, as to make it difficult to conceive
that their congeners could have thriven all the year round
in regions where, during winter, the rivers were frozen over
for months. Moreover, I have been unable to learn that, in
any instance, bones of the hippopotamus have been found in
the drift of northern Germany associated with the remains
of the mammoth, tichorhine rhinoceros, musk-buffalo, rein-
deer, lemming, and other arctic quadrupeds before alluded to
(p- 157); yet, though not proved to have ever made a part
of such a fauna, the presence of the fossil hippopotamus north
of the fiftieth parallel of latitude naturally tempts us to
speculate on the migratory powers and instinets of some of
the extinet species of the genus. They may have resembled,
in this respect, the living musk-buffalo, herds of which pass
for hundreds of miles over the ice to the rich pastures of
Melville Island, and then return again to southern latitudes
before the ice breaks up.

We are indebted to Sir Andrew Smith,* an experienced
zoologist, for having given us an account of the migratory
habits of the living hippopotamus of Southern Africa (H.
amplibius, Linn,).

¥ Illustrations of the Zoology of South Africa: art. ¢ Hippopotamus.’
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He states that, when the Dutch first colonized the Cape of
Good Hope, this animal abounded in all the great rivers, as
far south as the land extends ; whereas, in 1849, they had all
disappeared, scarcely one remaining even within a moderate
distance of the colony. He also tells us that this species
evinces great sagacity in changing its quarters whenever
danger threatens, quitting every district invaded by settlers
bearing fire-arms. Bulky as they are, they can travel
speedily for miles over land from one pool of a dried-up
river to another; but it is by water that their powers of
locomotion are surpassingly great, not only in rivers, but in
the sea, for they are far from confining themselves to fresh
water. Indeed, Sir A. Smith finds it ‘difficult to decide whe-
ther, during the daytime and when not feeding, they prefer the
pools of rivers or the waters of the ocean for their abode.” In
districts where they have been disturbed by man, they feed
almost entirely in the night, chiefly on certain kinds of grass,
but also on brushwood. Sir A. Smith relatesthat, in an ex-
pedition which he made north of Port Natal, he found them
swarming in all the rivers about the tropic of Capricorn.
Here they were often seen to have left their foot-prints on
the sands, entering or coming out of the salt water: and on
one occagion Smith’s party tried in vain to, intercept a
female with her young as she was making her way to the sea.
Another female, which they had wounded on her precipitate
retreat to the sea, was afterwards shot in that element.

The geologist, therefore, may freely speculate on the time
when herds of hippopotami issued from North African rivers,
such as the Nile, and swam northwards in summer along the
coasts of the Mediterranean, or even occasionally visited
islands near the shore. Here and there they may have landed
to graze or browse, tarrying awhile and afterwards continuing
their course northwards. Others may have swum in a few
summer days from rivers in the south of Spain or France to
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the Somme, Thames, or Severn, making timely retreat to the
south before the snow and ice set in.

Burial-place at Awrignae, in the South of France, of
Post-pliocene Date.

I have alluded in the beginning of the fourth chapter (p. 58)
to a custom prevalent among rude nations of consigning to the
tomb works of art, once the property of the dead or objects
of their affection, and even of storing up, in many cases,
animal food destined for the manes of the defunct in a future
life. I also cited M. Desnoyers’ comments on the absence
among the bones of wild and domestic animals found in old
Gaulish tombs of all intermixture of extinct species of qua-
drupeds, as proving that the oldest sepulchral monuments
then known in France (1845) had no claims to high antiquity
founded on palaontological data.

M. Lartet, however, has recently published a circumstantial
account of what seems clearly to have been a sepulchral vault
of the post-pliocene period, near Aurignac, not far from the
foot of the Pyrenees. I have had the advantage of inspect-
ing the fossil bones and works of art obtained by him from
that grotto, and of conversing and corresponding with him
on the subject, and can see no grounds for doubting the sound-
ness of his conclusions.*

The town of Aurignac is situated in the department of the
Haute Garonne, near a spur of the Pyrenees; adjoining it is
the small flat-topped hill of Fajoles, about sixty feet above
the brook called Rodes, which flows at its foot on one side.
It consists of nummulitic limestone, presenting a steep escarp-
ment towards the north-west, on which side in the face of the

# See Lartet, Annales des Sei. Nat.  translated in Natural History Review,
4me Ser,, Zoologie, tom. xv. p. 177, London, January 1862.
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rock, about forty-five feet above the brook, is now visible the

entrance of a grotto, a, fig. 25, which opened originally on the

terrace A, ¢, k, which slopes gently towards the valley.
777 Fig. 26

Section of part of the hill of Fajoles passing through the sepulchral grotto of
Aurignac (E. Lartet).

a Part of the vault in which the remains of seventeen human skeletons
were found.

b Layer of made ground, two feet thick, inside the grotto in which a few
human bones, with entire bones of extinet and living species of ani-
mals, and many works of art were embedded.

¢ Layers of ashes and charcoal, six inches thick, with broken, burnt, and
gnawed bones of extinet and recent mammalia; also hearth-stones
and works of art ; no humun bones.

d Deposit with similar contents and a few scattered cinders,

¢ Talus of rubbish washed down from the hill above.

£, g Slab of rock which closed the vault, not ascertuined whether it ex-

tended to A.

£, i Rabbit burrow which led to the discavery of the grotto.

"k, & Original terrace on which the grotto opened.

N Nummulitic limestone of hill of Fujoles.

Until the year 1852, the opening into this grotto was
masked by a talus of small fragments of limestone and earthy

matter, ¢, such as the rain may have washed down the slope
of the hill. In that year a labourer named Bonnemaison,
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employed in repairing the roads, observed that rabbits, when
hotly pursued by the sportsman, ran intoa hole which they
had burrowed in the talus, at ¢ f, fig. 25.  On reaching as far
into the opening as the length of his arm, he drew out, to
his surprise, one of the long bones of the human skeleton ; and
his curiosity being excited, and having a suspicion that the
hole communicated with a subterranean cavity, he commenced
divging o trench through the middle of the talus, and in a
few hours found himself opposite a large heavy slab of rock
f I, placed vertically against the entrance. Haviug removed
this, he discovered on the other side of it an arched cavity, «,
seven or eight feet in its greatest height, ten in width, and
seven in horizontal depth. It was almost filled with bones,
among which were twoentire skulls, which he recognised at once
as human. The people of Aurignac, astonished to hear of the
occurrence of so many human relics in so lonely a spot, flocked
to the cave, and Dr. Amiel, the Mayor, ordered all the bones
to be taken out and reinterred in the parish cemetery. But
before this was done, having as a medical man a knowledge
of anatomy, he ascertained by counting the homologous
bones that they must have formed parts of no less than
seventeen skeletons of both sexes, and all ages; some so
young that the ossification of some of the bones was in-
complete. Unfortunately the skulls were injured in the
transfer ; and what is worse, after the lapse of eight years,
when M. Lartet visited Aurignac, the village sexton was
unable to tell him in what exact place the trench was dug,
into which the skeletons had been thrown, so that this rich
harvest of ethnological knowledge seems for ever lost to the
antiquary and geologist.*

M. Lartet having been shown; in 1860, the remains of some
extinct animals and works of art, found in digging the
original trench made by Bonnemaison through the bed d

* In reference to the small stuture of the race, see Appendix C.
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under the talus, and some others brought out from the interior
of the grotto, determined to investigate systematically what
remained intact of the deposits outside and inside the vault,
those inside, underlying the human skeletons, being supposed
to consist entirely of made ground. Having obtained the
assistance of some intelligent workmen, he personally super-
intended their labours, and found outside the grotto, resting
on the sloping terrace & k, the layer of ashes and charcoal
¢, about six inches thick, extending over an area of six
or seven square yards, and going as far as the entrance
of the grotto and no farther, there being no cinders or
charcoal in the interior. Among the cinders outside the
vault were fragments of fissile sandstone, reddened by heat,
which were observed to rest on a levelled surface of nummu-
litic limestone and to have formed a hearth. The nearest
place from whence such slabs of sandstone could have been
brought was the opposite side of the valley.

Among the ashes, and in some overlying earthy layers, d,
separating the ashes from the talus e, were a great variety
of bones and implements; amongst the latter not fewer
than a hundred flint articles— knives, projectiles, sling
stones, and chips, and among them one of those siliceous
cores or nuclei with numerous facets, from which flint flakes
or knives had been struck off, seeming to prove that
some instruments were occasionally manufactured on the
very spot.

Among other articles outside the entrance was found a
stone of a circular form, and flattened on two sides, with a
central depression, composed of a tough rock which does not
belong to that region of the Pyrenees. This instrument is
supposed by the Danish antiquaries to have been used for re-
moving by skilful blows the edges of flint knives, the
fingers and thumb being placed in the two opposite depressions
during the operation. Among the bone instruments were
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arrows without barbs, and other tools made of rein-deer
horn, and a bodkin formed out of the more compact horn
of the roe-deer. This instrument was well shaped, and
sharply pointed, and in so good a state of preservation
that it might still be used for piercing the tough skins of
animals.

Scattered through the same ashes and earth were the
bones of the various species of animals enumerated in the
subjoined lists, with the exception of two, marked with
an asterisk, which only occurred in the interior of the

grotto : —
1. CARNIVORA,
Number of individuala.

1. Ursus speleus (cave-bear) . . . - . 66— 6
2. Ursus Arctus? (brown bear) . . . . 1

3. Meles Taxus (badger) . 1 — 2
4. Putorius vulgaris (polecat) 1

5. Felis spelea (cave-lion) W w ' . 1

6. Felis Catus ferus (wild cat) 1

7. Hywna spclea (cave-hyena) 56— 6
8. Canis Lupus (wolf) ; ‘ . i . 3

9. Canis Vulpes (fox) . . . . ‘ .18 — 20

2. HERBIVORA.

1. Elephas primigenius (mammoth, two molars).

2. Rhinoceros tickorkinus (Siberian rhinoceros) . %

3. Equus Caballus (horse) . . . e .12 —15
4. Fquus dsinus?! (ass) . 1
5.%Sus Serefa (pig, two incisors).

6 Cervus Elaphus (stag) . . 1

7. Megaceros Hibernicus (gigantie Imsh deer) |

8 C. Capreolus (rocbuck) . 3 — ¢
9. C. Tarandus (reindeer) . . . . 10 — 12
10. DBison curopeus (aurochs) 12 — 15

The bones of the herbivora were the most numerous, and
all those on the outside of the grotto which had contained
marrow were invariably split open, as if for its extraction, many
of them being also burnt. The spongy parts, moreover,
were wanting, having been eaten off and gnawed after they
were broken, the work, according to M. Lartet, of bysnas,
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the bones and coprolites of which were mixed with the
cinders, and dispersed through the overlying svil d. These
beasts of prey are supposed to have prowled about the spot
and fed on such relics of the funeral feasts as remained after
the retreat of the human visitors, or during the intervals
between successive funeral ceremonies which accompanied
the interment of the corpses within the sepulchre. Many of
the bones were also streaked, as if the flesh had been scraped
off by a flint instrument.

Amang the various proofs that the bones were fresh when
brought to the spot, it is remarked that those of the herbivora
not only bore the marks of having had the marrow extracted
and having afterwards been gnawed and in part devoured as if
by carnivorous beasts, but that they had also been acted upon
by fire (and this was especially noticed in one case of a
cave-bear’s bone), in such a manner as to show that they
retained in them at the time all their animal matter.

Among other quadrupeds which appear to have been eaten
at the funeral feasts, and of which the bones occurred among
the ashes, were those of a young Rhinoceros tichorhinus, the
bones of which had been, like those of the accompanying
herbivora, broken and gnawed by a beast of prey at both
extremities.

Outside of the great slab of stone forming the door,
ot one human bone occurred ; inside of it there were found,
mixed with loose soil, the remains of as many as seventeen
human individuals, besides some works of art and bones of
animals. We know nothing of the arrangement of these bones
when they were first broken into. M. Lartet inferred at first
that the bodies were bent down upon themselves in a squatting
attitude, a posture known to have been adopted in most of the
seplﬂchres of primitive times ; and he has so represented them
in his restoration of the cave: but this opinion he has since
retracted.* His artist also has inadvertently, in the same

# See Appendix C.
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drawing, delineated the arched grotto as if it were shaped
very regularly and smoothly, like a finished piece of masonry,
whereas the surface was in truth as uneven and irregular as
are the roofs of all natural grottos.

There was no stalagmite in the grotto, and M. Lartet, an
experienced investigator of ossiferous caverns in the south of
France, came to the conclusion thatall the bones and soil
found in the inside were artificially introduced. The sub-
stratum, b, fig. 25, which remained after the skeletons had
been removed, was about two feet thick. In it were found
about ten detached human bones, including a molar tooth;
and M. Delesse ascertained by careful analysis of one of these,
as well as of the bones of a rhinoceros, bear, and some other
extinet animals, that they all contained precisely the same
proportion of azote, or had lost an equal amount of their
animal matter. My friend Mr. Evans, before cited, has sug-
cested to me that such a fact, taken alone, may not be con-
clusive in favour of the equal antiquity of the human and
other remains. No doubt, had the human skeletons been
found to contain more gelatine than those of the extinct
mammalia, it would have shown that they were the more
modern of the two; but it is possible that after a bone
has gone on losing its animal matter up to a certain point,
it may then part with no more so long as it continues
enveloped in the same matrix. If this be so, it follows, that
bones of very different degrees of antiquity after they have
lain for many thousands of years in a particular soil, may all
have reached long ago the maximum of decomposition
attainable in such a matrix. In the present case, howerver,
the proof of the contemporaneousness of Man and the extinct
animals does not depend simply on the identity of their
nmineral condition. The chemical analysis of M. Delesse is
only a fact in corroboration of a great mass of other evidence.

Mixed with the human bones inside the grotto first
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removed by Bonnemaison, were eighteen small, round, and
flat plates of a white shelly substance, made of some species of
cockle (Cardium), pierced through the middle as if for being
strung into a bracelet. In the substratum also in the interior
examined by M. Lartet was found the tusk of a young Ursus
spelceus, the crown of which had been stripped of its enamel,
and which had been carved perhaps in imitation of the head
of a bird. It was perforated lengthwise as if for suspension
as an ornament or amulet. A flint knife also was found in the
interior which had evidently never been used; in this respect,
unlike the numerous worn specimens found outside, so that it
is conjectured that it may, like other associated works of art,
have been placed there as part of the funeral ceremonies.

A few teeth of the cave-lion, Felis spelcea, and two tusks of
the wild boar, also found in the interior, were memorials
perhaps of the chase. No remains of the same animals were
met with among the external relics.

On the whole, the bones of animals inside the vault offer a
remarkable contrast to those of the exterior, being all entire
and uninjured, none of them broken, gnawed, half-eaten,
scraped or burnt like those lying among the ashes on the
other side of the great slab which formed the portal. The
bones of the interior seem to have been clothed with their
flesh, when buried in the layer of loose soil strewed over the
floor. In confirmation of this idea, many bones of the
skeleton were often observed to be in juxta-position, and in
one spot all the bones of the leg of an Ursus speleeus were
lying together uninjured. Add to this, the entire absence
in the interior of cinders and charcoal, and we can scarcely
doubt that we have here an example of an ancient place of
sepulture, closed at the opening so effectually against the
hyznas or other carnivora that no marks of their teeth appear
on any of the bones, whether human or brute.

John Carver, in his travels in the interior of North America
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in 1766-68 (ch. xv.), gave a minute account of the funeral
rites of an Indian tribe, which inhabited the country now
called Towa, at the junction of the St. Peter’s River with the
Mississippi; and Schiller, in his famous ¢Nadowessische
Todtenklage,” has faithfully embodied in a poetic dirge all
the characteristic features of the ceremonies so graphically
described by the English traveller, not omitting the many
funeral gifts which, we are told, were placed ¢in a cave’
with the bodies of the dead. * The lines beginning, ¢ Bringet
her die letzten Gaben,” have been thus translated, truth-
fully, and with all the spirit of the original, by Sir E. L.
Bulwer * —
¢ Here bring the last gifts ! — and with these
The last lament be said ;

Let all that pleased, and yet may please,
Be buried with the dead.

¢ Beneath his head the hatchet hide,
That he =o stoutly swung;
And place the bear’s fat haunch beside —
The journey hence is long !

¢ And let the knife new sharpened be
That on the battle-day
Shore with quick strokes — he took but three —
The foeman's sealp away !

¢ The paints that warriors love to use,
Place here within his hand,
That he may shine with ruddy hues
Amidst the spirit-land.

If we accept M. Lartet’s interpretation of the ossiferous de-
posits of Aurignac, both inside and outside the grotto, they
add nothing to the palwontological evidence in favour of
Man’s antiquity, for we have seen all the same mammalia
associated elsewhere with flint implements, and some species,
such as the Elephas antiquus, Rhinoceros hemitechus, and
Hippopotaumus magor, missing here, have been met with in

* Pocms and Ballads of Schiller.
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other places. An argument, however, having an opposite
leaning may perhaps be founded on the phenomena of
Aurignac. It may,—indeed it has been said, that they imply
that some of the extinct mammalia survived nearly to our
times:

First,—Because of the modern style of the works of art
at Aurignac.

Secondly,—Because of the absence of any signs of change
in the physical geography of thé country since the cave was
used for a place of sepulture.

In reference to the first of these propositiong, the utensils,
it is said, of bone and stone indicate a more advanced state of
the arts than the flint implements of Abbeville and Amiens.
M. Lartet, however, is of opinion that they do not, and thinks
that we have no right to assume that the fabricators of the
various spear-headed and other tools of the Valley of the
Somme possessed no bone instruments or ornaments resem-
bling those discovered at Aurignac. These last, moreover,
he regards as extremely rude in comparison with others of the
stone period in France, which can be proved paleontologically,
at least by strong negative evidence, to be of subsequent date.
Thus, for example, at Savigné, near Civray, in the department
of Vienne, there is a cave in which there are no extinct mam-
malia, but where remains of the rein-deer abound. The
works of art of the stone period found there indicate con-
siderable progress in skill beyond that attested by the objects
found in the Aurignac grotto. Among the Savigné articles,
there is the bone of a stag, on which figures of two animals,
apparently meant for deer, are engraved in outline, as if by a
sharp-pointed flint. In another cave, that of Massat, in the
department of Arriége, which M. Lartet ascribes to the period
of the aurochs, a quadruped which survived the rein-deer in
the south of France, there are bone instruments of a still more
advanced state of the arts, as, for example, barbed arrows
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with a small canal in each, believed to have served for the
insertion of poison ;3 also a needle of bird’s bone, finely shaped,
with an eye or perforatiou at one end, and a stag’s horn, on
whichi is carved a representation of a bear’s head, and a hole
at one end as if for suspending it. In this figure we see, says
AL Lartet, what may perhaps be the earlicst known example
of lines used to express shading.

The fauna of the aurochs (Bison ewropeus) agrees with
that. of the earlier lake dwellings in Switzerland, in which
hitherto the rein-deer is wanting; whereas the rein-deer has
been found in a Swiss cave, in Mont Saléve, supposed by
Lartet to be more ancient than the lake dwellings.

According to this view, the mammalian fuuna has undergone
at least two fluctuations since the remains of some extinct
quadrupeds were eaten, and others buried as funeral gifts
in the sepulchral vault of Aurignac.

As to the absence of any marked changes in the physical
configuration of the district since the same grotto was a place
of sepulture, we must remember that it is the normal state
of the earth’s surface to be undergoing great alterations in
one place, while other areas, often in close proximity, remain
for ages without any modification. In one region, - rivers
are deepening and widening their channels, or the waves
of the sea are undermining cliffs, or the land is sinking
beneath or rising above the waters, century after century, or
the volcano is pouring forth torrents of lava or showers of
ashes; while, in tracts hard by, the ancient forest, or extensive
heath, or the splendid city continue scatheless and motionless.
Had the talus which concealed from view the ancient hearth
with its cinders and the massive stone portal of the Aurignac
grotto escaped all human interference for thousands of years
to come, there is no reason to suppose that the small stream
at the foot of the hill of Fajoles would have undermined it.
At the end of a long period the only alteration might have
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been the thickening of the talus which protected the loose
cinders and bones from waste. We behold in many a valley
of Auvergne, within fifty feet of the present river channel, a
volcanic cone of loose ashes, with a crater at its summit, from
which powerful currents of basaltic lava have poured, usurping
the ancient bed of the torrent. By the action of the stream,
in the course of ages, vast masses of the hard columnar basalt
have been removed, pillar after pillar, and much vesicular
lava, as in the case, for example, of the Puy Rouge, near
Chalucet, and of the Puy de Tartaret, near Nechers.* The
rivers have even in some cases, as the Sioule, near Chalucet,
cut through not only the basalt which .dispossessed them of
their ancient channels, but have actually eaten fifty feet into
the subjacent gneiss; yet the cone, an incoherent heap of
scorize and spongy ejectamenta, stands unmolested. Had the
waters once risen, even for a day, so high as to reach the
level of the base of one of these cones—had there been a single
flood fifty or sixty feet in height since the last eruption oc-
‘curred, a great part of these volcanoes must inevitably have
been swept away as readily as all traces of the layer of cinders;
and the accompanying bones would have been obliterated by
the Rodes near Aurignac, had it risen, since the days of the
mammoth, rhinoceros, and cave-bear, fifty feet above its
present level.

The Aurignac cave adds no new species to the list of
extinct quadrupeds, which we have elsewhere, and by inde-
pendent evidence, ascertained to have once flourished con-
temporaneously with Man. But if the fossil memorials have
been correctly interpreted — if we have here before us at the
northern base of the Pyrenees a sepulchral vault with
skeletons of human beings, consigned by friends and
relatives to their last resting-place — if we have also at the

* Scrope's Volcanoes of Central France, p. 97, 1858.
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portal of the tomb the relics of funeral feasts, and within it
indications of viands destined for the use of the departed on
their way to a land of spirits; while among the funeral gifts
are weapons wherewith in other fields to chase the gigantic
deer, the cave-lion, the cave-bear, and woolly rhinoceros,—we
have at last succeeded in tracing back the sacred rites of
burial, and, more interesting still, a belief in a future state,
to times long anterior to those of history and tradition.
Rude and superstitious as may have been the savage of that
remote era, he still deserved, by cherishing hopes of a here-
after, the epithet of noble,” which Dryden gave to what he
seems to have pictured to himself as the primitive condition
of our race :

‘as Nature first made Man
When wild in woods the noble savage ran,’ *

* Siege of Granada, Part 1., act i. scene 1.
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CHAPTER XI.

AGE OF HUMAN FOSSILS OF LE PUY IN CENTRAL FRANCE AND
OF NATCHEZ ON THE MISSISSIPPI, DISCUSSED.

QUESTION AS TO THE AUTHENTICITY OF THE FOSSIL MAN OF DENISE,
NEAR LE PUY-EN-VELAY, CONSIDERED — ANTIQUITY OF THE HUMAN
RACE IMPLIED BY THAT FOSSIL — SUCCESSIVE PERIODS OF VOLCANIC
AQTION IN CENTRAL FRANCE— WITH WHAT CHANGES IN THE MAM-
MALTAN FAUNA THEY CORRESPOND — THE ELEPHAS MERIDIONALIS
ANTERIOR IN TIME TO THE IMPLEMENT-BEARING GRAVEL OF ST. ACHEUL—
AUTHENTICITY OF THE HUMAN FOSSIL OF NATCHEZ ON THE MISSIS-
SIPFI, DISCUSSED — THE NATCHEZ DEFPOSIT, CONTAINING BONES OF MAS-
TODON AND MEGALONYX, PROBABLY NOT OLDER THAN THE FLINT
IMPLEMENTS OF ST. ACHEUL.

MONG: the fossil remains of the human species supposed

A to have claims to high antiquity, and which have for

many years attracted attention, two of the most prominent
examples are—

First,—¢ The fossil man of Denise,’ comprising the re-
mains of more than one skeleton, found in a volcanic breccia
near the town of Le Puy-en-Velay, in Central France.

Secondly,—The fossil human bone of Natchez, on the Mis-
sissippi, supposed to have been derived from a deposit con-
taining remains of mastodon and megalonyx. Having
carefully examined the sites of both of these celebrated fossils,
I shall consider in this chapter the nature of the evidence on
which the remote date of their entombment is inferred.

Fossil Man of Denase.

An account of the fossil remains, so called, was first published
in 1844, by M. Aymard of Le Puy, a writer of deservedly
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high authority both as a paleontologist and archeologist.*
M. Pictet, after visiting Le Puy and investigating the site
of the alleged discovery, was satisfied that the fossil bones
belonged to the period of the last volcanic eruptions of Velay ;
but expressly stated in his important treatise on paleontology
that this coneclusion, though it might imply that Man bad
coexisted with the extinet elephant, did not draw with it the
admission that the human race was anterior in date to the
filling of the caverns of France and Belgium with the bones
of extinet mammalia.f

At a meeting of the ¢ Scientific Congress’ of France, held
at Le Puy in 1856, the question of the age of the Denise
fossil bones was fully gone into, and in the report of their
proceedings published in that year, the opinions of some of
the most skilful osteologists respecting the point in con-
troversy are recorded. The late Abbé Croizet, a most
experienced collector of fossil bones in the volcanic regions
of Central France, and an able naturalist, and the late M.
Laaurillard, of Paris, who assisted Cuvier in modelling many
fossil bones, and in the arrangement of the museum of the
Jardin, declared their opinion that the specimen preserved in
the museum of Le Puy is no counterfeit. They believed the
human bones to have been enveloped by natural causes in
the tufaceous matrix in which we now see them.

In the year 1859, Professor Hébert and M. Lartet visited
Le Puy, expressly to investigate the same specimen, and to
inquire into the authenticity of the bones and their geological
age. Later in the same year, I went myself to Le Puy,
having the same object in view, and had the good fortune to
meet there my friend Mr. Poulett Scrope, with whom I ex-
amined the Montagne de Denise, where a peasant related to
us how he had dug out the specimen with his own hands and

* Bulletin de la Société Géclogique t Traité de Paléontologie, tom. i.
de France, 1844, 1845, 1847. p- 1562, 1853.
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in his own vineyard, not far from the summit of the volcano. I
employed a labourer to make under his directions some fresh
excavations, following up those which had been made a month
earlier by MM. Hébert and Lartet, in the hope of verifying
the true position of the fossils, but all of us without success.
We failed even to find ¢n situ any exact counterpart of the
stone of the Le Puy Museum.

The osseous remains of that specimen consist of a frontal
and some other parts of the skull, including the upper jaw
with teeth, both of an adult and young individual; also a
radius, some lumbar vertebrz, and some metatarsal bones.
They are all embedded in a light porous tuff, resembling in
colour and mineral composition the ejectamenta of several of
the latest eruptions of Denise. But none of the bones pene-
trate into another part of the same specimen, which consists
of a more compact rock thickly laminated. Nevertheless, I
agree with the Abbé Croizet and M. Aymard, that it is not
conceivable even that the less coherent part of the museum
specimen which envelopes the human bones should have been
artificially put together, whatever may have been the origin
of certain other slabs of tuff which were afterwards sold as
coming from the same place, and which also contained human
remains. Whether some of these were spurious or not is a
question more difficult to decide. One of them, now in the
possession of M. Pichot-Dumazel, an advocate of Le Puy, is
suspected of having had some plaster of Paris introduced into
it to bind the bones more firmly together in the loose vol-
canic tuff. I was assured that a dealer in objects of natural
history at Le Puy had been in the habit of occasionally se-
curing the cohesion in that manner of fragments of broken
bones, and the juxta-position of uninjured ones found free
and detachable in loose volcanic tuffs. From this to the
fabrication of a factitious human fossil was, it is suggested,
but a short slep. But in reference to M. Pichot’s specimen,
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an expert anatomist remarked to me that it would far exceed
the skill, whether of the peasant who owned the vineyard or
of the dealer above mentioned, to put together in their true
position all the thirty-eight bones of the hand and fingers, or
the sixteen of the wrist, without making any mistake, and
especially without mixing those of the right with the homolo-
gous bones of the left hand, assuming that they had brought
bones, from some other spot, and then artificially introduced
them into a mixture of volcanic tuff and plaster of Paris.
Granting, however, that the high prices given for ‘human
fossils > at Le Puy may have led to the perpetration of some
frauds, it is still an interesting question to consider whether
the admission of the genuineness of a single fossil, such as
that now in the museum at Le Puy, would lead us to assign
a higher antiquity to the existence of Man in France than is
deducible from many other facts explained in the last seven
chapters. In reference to this point, I may observe, that
although I was not able to fix with precision the exact bed in
the volcanic mountain from which the rock containing the
human bones was taken, M. Felix Robert has, nevertheless,
after studying €the volcanic alluviums’ of Denise, ascer-
tained that, on the side of Cheyrac and the village of
Malouteyre, blocks of tuff frequently occur exactly like the
one in the museum. That tuff he considers a product of
the latest eruption of the volcano. In it have been found
the remains of Hywna spelea and Hippopotamus major.
The eruptions of steam and gaseous matter which burst
forth from the crater of Denise broke through laminated
tertiary clays, small pieces of which, some of them scarcely
altered, others half converted into scorim, were cast out
in abundance, while other portions must have been in a
state of argillaceous mud. Showers of such materials would
Le styled by the Neapolitans ¢aqueous lava’ or ‘lava d’ aqua,’
and we may well suppose that some human individuals,
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if any existed, would, together with wild animals, be occa-
sionally overwhelmed in these tuffs. From near the place
on the mountain whence the block with human bones now
in the museum is said to have come, a stream of lava, well
marked by its tabular structure, flowed down the flanks of
the hill, within a few feet of the alluvial plain of the Borne,
a small tributary of the Loire, on the opposite bank of which
stands the town of Le Puy. Its continuous extension to so
low a level clearly shows that the valley had already been
deepened to within a few feet of its present depth at the time
of the flowing of the lava.

We know that the alluvium of the same district, having a
similar relation to the present geographical outline of the
valleys, is of post-pliocene date, for it contains around Le Puy
the bones of Elephas primigenius and Rhinoceros ticho-
rhinus ; and this affords us a pal@ontological test of the age of
the human skeleton of Denise, if the latter be assumed to be
coeval with the lava stream above referred to.

It is important to dwell on this point, because some geolo-
gists have felt disinclined to believe in the genuineness of
the ¢ fossil man of Denise,” on the ground that, if conceded,
it would imply that the human race was contemporary with
an older fauna, or that of the Elephas meridionalis. Such a
fauna is found fossil in another layer of tuff covering the slope
of Denise, opposite to that where the museum specimen was
exhumed. The quadrupeds obtained from that more ancient
tuff comprise Elephas meridionalis, Hippopotamus major,
Rhinoceros megarhinus, Antilope torticornis, Hywna brevi-
rostris, and twelve others of the genera horse, ox, stag, goat,
tiger, &c., all supposed to be of extinct species. This tuff,
found between Malouteyre and Polignac, M. Robert regards
as the product of a much older eruption, and referable to the
neighbouring Montagne de St. Anne, a volcano in a much

more wasted and denuded state than Denise, and classed by
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M. Bertrand de Doue as of intermediate age hetween the
ancient and modern cones of Velay.

The fauna to which Elephas meridionalis and its associates
belong, can be shown to be of anterior date, in the north of
France, to the flint implements of St. Acheul, by the follow-
ing train of reasoning. The Valley of the Seine is not only
geographically contiguous to the Valley of the Somme, but its
ancient alluvium contains the same mammoth and other
fossil species. The Eure, one of the tributaries of the Seine,
in its way to join that river, flows in a valley which follows
a line of fault in the chalk; and this valley is seen to be
comparatively modern, because it intersects at St. Prest, four
miles below Chartres, an older valley belonging to an anterior
system of drainage, and which has been filled by a more
ancient fluviatile alluvium, consisting of sand and gravel,
ninety feet thick. I have examined the site of this older drift,
and the fossils have been determined by Dr. Falconer. They
comprise Elephas meridionalis, a species of rhinoceros (not
R. tichorkinus), and other mammalia differing from those
of the implement-bearing gravels of the Seine and Somme.*
The latter, belonging to the period of the mammoth,
might very well have been contemporary with the modern vol-
canic eruptions of Central France ; and we may presume, even
without the aid of the Denise fossil, that Man may have wit-
nessed these. But the tuffs and gravels in which the Elephas
meridionalis are embedded were synchronous with an older
epoch of volcanic action, to which the cone of St. Anne, near
Le Puy, and many other mountains of M. Bertrand de Doue’s
middle period belong, having cones and craters, which have
undergone much waste by aqueous erosion. We have as
yet no proof that Man witnessed the origin of these hills of
lava and scorie of the middle phase of volcanic action.

* Seo Appendix A, p. 507, on the alleged traces of the coexistonce of Man
with . meridionalis at St. Prest, near Chartres,
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Some surprise was expressed in 1856, by several of the
assembled naturalists at Le Puy, that the skull of the ¢ fossil
man of Denise,’ although contemporary with the mammoth,
and coeval with the last eruptions of the Le Puy volcanoes,
should be of the ordinary Caucasian or European type; but
the observations of Professor Huxley on the Engis skull,
cited in the fifth chapter, showing the near approach of that
ancient cranium to the European standard, will help to
remove this source of perplexity.

Human Fossil of Natchez on the Mississippz.

I have already alluded to Dr. Dowler’s attempt to calculate,
in years, the antiquity of the human skeleton said to have
been buried under four cypress forests in the delta of the
Mississippi, near New Orleans (see page 43). In that case
no remains of extinct animals were found associated with
those of Man: but in another part of the basin of the
Mississippi, a human bone, accompanied by bones of the
mastodon and megalonyx, is supposed to have been washed
out of a more ancient alluvial deposit.

After visiting the spot in 1846, I described the geological
position of the bones, and discussed their probable age, with

Fig. 26
—_— f_‘_: =TT = _;'3‘\;;
=
1 Modern alluvium of the Mississippi. 2 Loam or loess.
3, f Eocene. 4 Cretaceous.

a stronger bias, I must confess, as to the antecedent improba-
bility of the contemporaneous entombment of Man and
the mastodon than any geologist would now be justified in
entertaining.

In the latitude of Vicksburg 32° 50’ N., the broad, flat,
alluvial plain of the Mississippi, @ b, fig. 26, is bounded on
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its eastern side by a table-land, d ¢, about two hundred feet
higher than the river, and extending twelve miles eastward
with a gentle upward slope. This elevated platform ends
abruptly at , in a line of perpendicular cliffs or bluffs, the
base of which is continually undermined by the great river.

The table-land, d e, consists at Vicksburg, through which
the annexed section, fig. 26, passes, of loam, overlying the
tertiary strata, ff. Between the loam and the tertiary for-
mation there is usually a deposit of stratified sand and
aravel, containing large fragments of silicified corals and
the wreck of older paleozoic rocks. The age of this under-
lying drift, which is one hundred and forty feet thick at
Natchez, has not yet been determined ; but it may possibly
belong to the glacial period. Natchez is about eighty miles in
a straight line south of Vicksburg, on the same left bank of
the Mississippi. Here there is a bluff, the upper sixty feet
of which consists of a continuous portion of the same calcareous
loam as at Vicksburg, equally resembling the Rhenish loess
in mineral character and in being sometimes barren of fossils,
sometimes so full of them that bleached land-shells stand
out conspicuously in relief in the vertical and weathered
face of cliffs which form the banks of streams, everywhere
intersecting the loam.

So numerous are the shells that I was able to collect at
Natchez, in a few hours, in 1846, no less than twenty species
of the genera Helix, Helicina, Pupa, Cyclostoma, Achatina,
and Succinea, all identical with shells now living in the same
country; and in one place I observed (as happens also occa-
sionally in the valley of the Rhine) a passage of the loam
with land-shells into an underlying marly deposit of sub-
aqueous origin, in which shells of the genera Limmnea,
Planorbis, Paludina, Plysa, and Cyclas, were embedded, also
consisting of recent American species. Such deposits, more
distinctly stratified than the loam containing land-shells,
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are produced, as before stated, p. 129, in all great al-
luvial plains, where the river shifts its position, and where
marshes, ponds, and lakes are formed in its old deserted
channels. In this part of America, however, it may have
happened that some of these lakes were caused by partial
subsidences, such as were witnessed, during the earthquakes
of 1811-12, around New Madrid, in the valley of the
Mississippi.

Owing to the destructible nature of the yellow loam, d e,
fig. 26, every streamlet flowing over the platform has
cut for itself, in its way to the Mississippi, a deep gully or
ravine ; and this erosion has of late years, especially since 1812,
proceeded with accelerated speed, ascribable in some degree
to the partial clearing of the native forest, but partly also to
the effects of the earthquake of 1811-12. By that con-
vulsion the region around Natchez was rudely shaken and
much fissured. One of the narrow valleys near Natchez, due
to this fissuring, is now called the Mammoth Ravine. Though
no less than seven miles long, and in some parts sixty feet
deep, I was assured by .a resident proprietor, Colonel Wiley,
that it had no existence before 1812. With its numerous
ramifications, it is said to have been entirely formed since
the earthquake at New Madrid. Before that event, Colonel
Wiley had ploughed some of the land exactly over a spot
now traversed by part of this water-course.

I satisfied myself that the ravine had been considerably
enlarged and lengthened a short time before my visit, and it
was then freshly undermined and undergoing constant waste.
From a clayey deposit immediately below the yellow loam,
bones of the Mastodon ohioticus, a species of megalonyx,
bones of the genera Equus, Bos, and others, some of extinct
and others presumed to be of living species, had been
detached, and had fallen to the base of the cliffs. Mingled
with the rest, the pelvic bone of a man, os innominatum,
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was obtained by Dr. Dickeson of Natchez, in whose collection
I saw it. It appeared to be quite in the same state of pre-
servation, and was of the same black colour as the other
fossils, and was believed to have come like them from a depth
of about thirty feet from the surface. In my ¢ Second Visit
to America,” in 1846,* I suggested, as a possible explanation
of this association of a human bone with remains of a mastodon
and megalonyx, that the former may possibly have been
derived from the vegetable soil at the top of the cliff, whereas
the remains of extinct mammalia were dislodged from a lower
position, and both may have fallen into the same heap or talus
at the bottom of the ravine. The pelvic bone might, I con-
ceived, have acquired its black colour by having lain for
years or centuries in a dark superficial peaty soil, common
in that region. I was informed that there were many human
bones, in old Indian graves in the same district, stained of as
black a dye. On suggesting this hypothesis to Colonel Wiley,
of Natchez, I found that the same idea had already occurred
to his mind. No doubt, had the pelvic bone belonged to any
recent mammifer other than Man, such a theory would never
have been resorted to; but so long as we have only one
isolated case, and are without the testimony of a geologist who
was present to behold the bone when still engaged in the matrix,
and to extract it with his own hands, it isallowable to suspend
our judgment as to the high antiquity of the fossil.

If, however, I am asked whether I consider the Natchez
loam, with land-shells and the bones of mastodon and
megalonyx, to be more ancient than the alluvium of the
Somme containing flint implements and the remains of the
mammoth and hyzna, I must declare that I do not. Both
in Europe and America the land and freshwater shells accom-
panying the extinet pachyderms are of living species, and I
could detect no shell in the Natchez loam so foreign to the

* Vol. ii. p. 197.
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basin of the Mississippi as is the Cyrena fluminalis to the
rivers of modern Europe. If, therefore, the relative ages of
the Picardy and Natchez alluvium were to be decided on
conchological data alone, the fluvio-marine beds of Abbeville
might rank as a shade older than the loess of Natchez. My
reluctance in 1846 to regard the fossil human bone as of post-
pliocene date arose in part from the reflection that the ancient
loess of Natchez is anterior in time to the whole modern
delta of the Mississippi. The table-land, d ¢, fig. 26, p. 200,
was, I believe, once a part of the original alluvial plain or
delta of the great river before it was upraised. It has now
risen more than two hundred feet above its pristine level.
After the upheaval, or during it, the Mississippi cut through
the old fluviatile formation of which its bluffs are now
formed, just as the Rhine has in many parts of its valley
excavated a passage through its ancient loess. If I was
right in calculating that the present delta of the Mississippi
must have required many tens of thousands of years for its
growth,* and if the claims of the Natchez man to have co-
existed with the mastodon are admitted, it would follow that
North America was peopled by the human race many tens
of thousands of years before our time. But even were that
true, we could not presume, reasoning from ascertained
geological data, that the Natchez bone was anterior in date
to the antique flint hatchets of St. Acheul. When we ascend
the Mississippi from Natchez to Vicksburg, and then enter
the Ohio, we are accompanied everywhere by a continuous
fringe of terraces of sand and gravel at a certain height above
the alluvial plain, first of the great river, and then of its
tributary. We also find that the older alluvium contains the
remains of mastodon everywhere, and in some places, as at
Evansville, those of the megalonyx. As in the valley of the
Somme in Europe, those old post-pliocene gravels often occur

* See Appendix D, on the age of the delta of Mississippi.
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at more than one level, and the ancient mounds of the Ohio,
with their works of art, described at p. 39, are newer than
the old terraces of the mastodon period, just as the Gallo-
Roman tombs of St. Acheul or the Celtic weapons of the
Abbeville peat are more modern than the tools of the mam-
moth-bearing alluvium.

In the first place, I may remind the reader that the vertical
movement of two hundred and fifty feet, required to elevate
the loess of Natchez to its present height, is exceeded by the
upheaval which the marine stratum of Cagliari, containing
pottery, has been ascertained by Count de la Marmora to have
experienced, p. 177. Such changes of level, therefore, have
actually occurred in Europe in the human epoch, and may
therefore have happened in America. In the second place, I
may ohserve that, if, since the Natchez mastodon was embedded
in clay, the delta of the Mississippi has been formed, so, since
the mammoth and rhinoceros of Abbeville and Amiens were
enveloped in fluviatile mud and gravel, together with flint
tools, a great thickness of peat has accumulated in the Valley
of the Somme ; and antecedently to the first growth of peat,
there had been time for the extinction of a great many mam-
malia, requiring, perhaps, as shown at p. 144, a lapse of
ages many times greater than that demanded for the for-
mation of thirty feet of peat, for since the earliest growth of
the latter there has been no change in the species of mammalia
in Europe.

Should future researches, therefore, confirm the opinion
that the Natchez man coexisted with the mastodon, it would
not enhance the value of the geological evidence in favour of
Man’s antiquity, but merely render the delta of the Mississippi
available as a chronometer, by which the lapse of post-pliocene
time could be measured somewhat less vaguely than by any
means of measuring which have as yet been discovered or
rendered available in Europe.
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CHAPTER XIL

ANTIQUITY OF MAN RELATIVELY TO THE GLACIAL PERIOD AND TO
THE EXISTING FAUNA AND FLORA.

CHRONOLOGICAL RELATION OF THE GLACIAL PERIOD, AND THE EARLIEST
KNOWN SIGNS OF MAN'S APPEARANCE IN EUROPE -— SERIES OF TERTIARY
DEPOSITS IN NORFOLK AND SUFFOLK IMMEDIATELY ANTECEDENT TO
THE GLACIAL PERIOD — GRADUAL REFRIGERATION OF CLIMATE PROVED
BY THE MARINE SHELLS OF SUCCESSIVE GROUPS — MARINE NEWER
PLIOCENE SHELLS OF NORTHERN CHARACTER, NBAR WOODBRIDGE —
BECTION OF THE NORFOLK CLIFFS-— NORWICH CRAG— FOREST BED
AND FLUVIO-MARINE STRATA—TFOSSIL PLANTS AND MAMMALIA OF THE
SAME - OVERLYING BOULDER CLAY AND CONTORTED DRIFT— NEWELR
FRESHWATER FORMATION OF MUNDESLEY COMPARED TO THAT OF
HOXNE — GREAT OSCILLATIONS OF LEVEL IMPLIED BY THE SERIES OF
STRATA IN Tﬁ?ﬂ NORFOLK CLIFFS — BEARLIEST KNOWN DATE OI' MAN
LONG SUBSEQUENT TO THE EXISTING FAUNA AND FLORA.

{ REQUENT allusions have been made in the preceding
pages to a period called the glacial, to which no refe-
rence is made in the Chronological Table of Formations given
atp.7. It comprises a long series of ages, chiefly of post-
tertiary date, during which the power of cold, whether exerted
by glaciers on the land, or by floating ice on the sea, was
greater in the northern hemisphere, and extended to more
southern latitudes than now.

It often happens that when in any given region we have
pushed back our geological investigations as far as we can, in
search of evidence of the first appearance of Man in Europe,
we are stopped by arriving at what is called the €boulder
clay’ or “northern drift.’” This formation is usually quite
destitute of organic remains, so that the thread of our in-
quiry into the history of the animate creation, as well ag of
man, is abruptly cut short. The interruption, however, is by
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no means encountered at the same point of time in every
district. In the case of the Danish peat, for example, we
get no farther back than the recent period of our Chrono-
logical Table (p. 7), and then meet with the boulder clay ;
and it is the same in the valley of the Clyde, where the
marine strata contain the ancient canoes before described
(p- 47), and where nothing intervenes between that recent for-
mation and the glacial drift. But we have seen that, in the
neighbourhood of Bedford (p. 165), the memorials of Man can
be traced much farther back into the past, namely, into the
post-pliocene epoch, when the human race was contemporary
with the mammoth and many other species of mammalia
now extinct. Nevertheless, in Bedfordshire as in Denmark,
the formation next antecedent in date to that containing the
human implements is still a member of the glacial drift,
with its erratic blocks.

If the reader remembers what was stated in the Eighth
Chapter, p. 144, as to the absence or extreme scarcity of
human bones and works of art in all strata, whether marine
or fresh-water, even in those formed in the immediate prox-
imity of land inhabited by millions of human beings, he will
be prepared for the general dearth of human memorials in
glacial formations, whether recent, post-pliocene, or of more
ancient date. If there were a few wanderers over lands
covered with glaciers, or over seas infested with ice-bergs,
and if a few of them left their bones or weapons in moraines
or in marine drift, the chances, after the lapse of thousands of
years, of a geologist meeting with one of them must be infini-
tesimally small.

It is natural, therefore, to encounter a gap in the regular
sequence of geological monuments bearing on the past history
of Man, wherever we have proofs of glacial action having
prevailed with intensity, as it has done over large parts of
Ewrope and North America, in the post-pliocene period. As
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we advance into more southern latitudes approaching the
50th parallel of latitude in Europe, and the 40th in North
America, this disturbing cause ceases to oppose a bar to our
inquiries ; but even then, in consequence of the fragmentary
nature of all geological annals, our progress is inevitably slow
in constructing any thing like a connected chain of history,
which can only be effected by bringing the links of the chain
found in one area to supply the information which is wanting
in another.

The least interrupted series of consecutive documents to
which we can refer in the British Islands, when we desire to
connect the tertiary with the post-tertiary periods, are found
in the counties of Norfolk, Suffolk, and Essex; and I shall
speak of them in this chapter, as they have a direct bearing
on the relations of the human and glacial periods, which will
be the subject of several of the following chapters. The
fossil shells of the deposits in question clearly point to a
gradual refrigeration of climate, from a temperature some-
what warmer than that now prevailing in our latitudes to one
of intense cold ; and the successive steps which have marked
the coming on of the increasing cold are matters of no small
geological interest.

It will be seen in the Table at p. 7, that next before the
post-tertiary period stands the pliocene, divided into the
older and newer. The shelly and sandy beds representing
these periods in Norfolk and Suffolk are termed provincially
Crag, having under that name been long used in agriculture
to fertilise soils deficient in calcareous matter, or to render
them less stiff and impervious. In Suffolk, the older pliocene
strata called Crag are divisible into the Coralline and the
Red Crags, the former being the older of the two. In Norfolk,
a more modern formation, commonly termed the ¢ Norwich,’
or sometimes the ‘mammaliferous’ Crag, which is referable to
the newer pliocene period, occupies large areas.
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We are indebted to Mr. Searles Wood, F.G.S., for an
admirable monograph on the fossil shells of these British
pliocene formations. He has not himself given us an ana-
lysis of the results of his treatise, but the following tables have
been drawn up for me by Mr. S. P. Woodward, the well-
known author of the ¢ Manual of the Mollusca, Recent and
Fossil’ (London, 1851-6), in order to illustrate some of the
general conclusions to which Mr. Wood’s careful examination

of 442 species of mollusca has led.

Number of Inown Species of Marine Testacea in the three English
Pliocene Deposits, called the Norwich, the Red, and the Coralline
Crags.

Brachiopoda . : ; : i 6
Conchifera . , X . . 206
Gasteropoda . ; : ; . 230

Total . . : . 442

Distribution of the above Marine Testacea.

Number of Species. Specles common to the
Norwich Crag . x . . 81 NorwichandRed Crag(notinCor.) 33
Red Crag . . . . 225 | Norwichand Coralline(not in Red) 4
Coralline Crag " " . 327 | Red and Coralline(not in Norwich)116
Norwich, Red, and Coralline . 19%

Proportion of Recent to Extinct Species.

Per-centage of
Recent. Extinct, . Recent._

Norwich Crag . . . . 69 . 12 : 86
Red Crag . .. . . 130 : 95 ;i o7
Coralline Crag . . s . 168 ; 159 " 61

Recent Species not living now in British Seas.

Northern Species. Southern.
Norwich Crag . ; i . 12 : 0
Red Crag . . ' . B . 16
Coralline Crag . : ; . 2 ‘ 27

* These 19 species must be added to the numbers 33, 4, and 116 respectively,
in order to obtain the full amount of common species in each of those cases.
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In the above list I have not included the shells of the
glacial beds of the Clyde and of several other British deposits
of newer origin than the Norwich Crag, in which nearly all —
perhaps all — the species are recent. The land and fresh-
water shells, thirty-two in number, have also been purposely
omitted, as well as three species of London Clay shells, sus-
pected by Mr. Wood himself to be spurious.

By far the greater number of the living marine species
included in these tables are still inhabitants of the British
seas; but even these differ considerably in their relative
abundance, some of the commonest of the Crag shells being
now extremely scarce; as, for example, Buccinum Dalei;
and others, rarely met with in a fossil state, being now very
common, as Murex erinaceus and Cardium echinatum.

The last table throws light on a marked alteration in the
climate of the three successive periods. It will be seen that
in the Coralline Crag there are twenty-seven southern shells,
including twenty-six Mediterranean, and one West Indian
species (Erato Maugerice). Of these only thirteen occurin the
Red Crag, associated with three new southern species, while
the whole of them disappear from the Norwich beds. On the
other hand, the Coralline Crag contains only two shells closely
related to arctic forms of the genera Admete and Limopsis.
The Red Crag contains, as stated in the table, eight northern
species, all of which recur in the Norwich Crag, with the
addition of four others, also inhabitants of the arctic regions:
so that there is good evidence of a continual refrigeration of
climate during the pliocene period in Britain. The presence
of these northern shells cannot be explained away by sup-
posing that they were inhabitants of the deep parts of the
sea ; for some of them, such as Tellina calcarea and Astarte
borealis, occur plentifully, and sometimes with the valves
united by their ligament, in company with other littoral shells,
such as Mya arenaria and Littorina rudis, and evidently
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not thrown up from deep water. Yet the northern character
of the Norwich Crag is not fully shown by simply saying that
it contains twelve northern species. It is the predominance
of certain genera and species, such as Tellina calcarea,
Astarte borealis, Scalaria Groenlundica, and Fusus cari-
nalus, which satisfies the mind of a conchologist as to the
arctic character of the Norwich Crag. In like manner, it
is the presence of such genera as Pyrula, Columbella,
Terebra, Cassidaria, Pholadomya, Lingula, Discina, and
others which give a southern aspect to the Coralline Crag
shells.

The cold, which had gone on increasing from the time of
the Coralline to that of the Norwich Crag, continued, though
not perhaps without some oscillations of temperature, to
become more and more severe after the accumulation of the
Norwich Crag, until it reached its maximum in what has
been called the glacial epoch. The marine fauna of this
last period contains, both in Ireland and Scotland, recent
species of mollusca now living in Greenland and ether seas
far north of the areas where we find their remains in a fossil
state.

The refrigeration of climate from the time of the older
to that of the newer Pliocene strata is not now announced
for the first time, as it was inferred from a study of the Crag
shells in 1846 by the late Edward Forbes.*

The most southern point to which the marine beds of the
Norwich Crag have yet been traced is at Chillesford, near
Woodbridge, in Suffolk, about eighty miles north-east of
London, where, as Messrs. Prestwich and Searles Wood have
pointed out,f they exhibit decided marks of having been
deposited in a sea of a much lower temperature than that now

* Memoirs of Geological Survey, T Quarterly Geological Jowrnal,
London, 1846, p. 391. 1849, vol. v. p. 344.
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prevailing in the same latitude. Out of twenty-three shells
obtained in that locality from argillaceous strata twenty feet
thick, two only, namely, Nucula Cobboldice and Tellina
obliqua, are extinct, and not a few of the other species,
such as Leda lanceolata, Cardium groenlandicum, Lucina
borealis, Cyprina islandica, Panopea norvegica, and Mya
truncata, betray a northern, and some of them an arctic
character. '
These Chillesford beds are supposed to be somewhat more
modern than any of the purely marine strata of the Norwich
Crag exhibited by the sections of the Norfolk cliffs NW. of
Cromer, which I am about to describe. Yet they probably
preceded in date the ¢ Forest Bed’ and fluvio-marine deposits
of those same cliffs. They are, therefore, of no small im-
portance in reference to the chronology of the glacial period,
since they afford evidence of an assemblage of fossil shells
with a proportion of between eight and nine in a hundred
of extinct species occurring so far south as lat. 53° N., and
indicating so cold a climate as to imply that the glacial
period commenced before the close of the newer pliocene era.
The annexed section will give a general idea of the ordinary
succession of the newer pliocene and post-pliocene strata which
rest, upon the chalk in the Norfolk and Suffolk cliffs. These
cliffs vary in height from fifty to above three hundred feet.
At the north-western extremity of the section at Weybourne
(beyond the limits of the annexed diagram), and from thence
to Cromer, a distance of seven miles, the Norwich crag, a marine
deposit, reposes immediately upon the chalk. A vast majority
of its shells are of living species such as Cardium edule,
Cyprina islandica, Scalaria groenlandica, and Fusus
antiquus, and some few extinct, as Tellina obliqua, and
Nucula Cobboldice. At Cromer jetty this formation thins
out, as expressed in the diagram at A; and to the south we
find No. 3, or what is commonly called the ¢Forest Bed,’
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DIAGRAM TO ILLUSTRATE THE GENERAL SUCCESSION OF THE STRATA IN THE NORFOLK CLITFFS,

EXTENDING SEVERAL MILER N.W. AND S.E. OF CROMER.

A Site of Cromer Jetty.
1 Upper chalk with flints in regular stratification.
Norwich Crag, rising from low water at Cromer, to
the top of the cliffs at Weybourne, seven miles
distant.

3 ‘Forest Bed,” with stumps of trees i situ and re-
mains of Elephas meridionalis, E. primigenius, E.
antiquus, Rhinoceros Etruscus, &c. This bed in-
creases in depth and thickness eastward. No crag
(No. 2) known east of Cromer Jetty.

8’ Fluvio-marine series. At Cromer and eastward,
with abundant lignite beds and mammalian re-

mains, and with cones of the Scotch and spruce
firs and wood. At Runton, north-west of Cromer,
expanding into a thick freshwater deposit, with
overlying marine strata, elsewhere consisting of
alternating sands and clays, tranquilly deposited,
some with marine, others with freshwater shells.

4 Boulder clay of glacial period, with far transported
erratics, some of them polished and scratched,
twenty to eighty feet in thickness.

5 Contorted drift.

6 Superficial gravel and sand with covering of vege-
table soil.

£1%
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reposing immediately upon the chalk, and occupying as it
were the place previously held by the marine crag No. 2.
This buried forest has been traced for more than forty miles,
being exposed at certain seasons and states of the beach
between high and low water mark. It extends from Cromer
to near Kessingland, and consists of the stumps of numerous
trees standing erect, with their roots attached to them, and
penetrating in all directionsinto the loam or ancient vegetable
s0il on which they grew. They mark the site of a forest which
existed there for a long time, since, besides the erect trunks of
trees, some of them two and three feet in diameter, there is a
vast accumulation of vegetable matter in the immediately
overlying clays. Thirty years ago, when I first examined this
bed. I saw manjr trees, with their roots in the old soil, laid
open at the base of the cliff near Happisburgh; and long
hefore my visit, other observers, and among them the late
Mr. J. C. Taylor, had noticed the buried forest. Of late
years it has been repeatedly seen at many points by
Mr. Gunn, and, after the great storms of the autumn of 1861,
by Mr. King. In order to expose the stumps to view, a vast
body of sand and shingle must be cleared away by the force
of the waves.

As the sea is always gaining on the land, new sets of trees
are brought to light from time to time, so that the breadth
as well as length of the area of ancient forest land seems to
have been considerable. Next above No. 3, we find a series
of sands and clays with lignite (No. 3"), sometimes ten feet
thick, and containing alternations of fluviatile and marine
strata, implying that the old forest land, which may at first
have been considerably elevated above the level of the sea,
had sunk down to as to be occasionally overflowed by a river,
and at other times by the salt waters of an estuary. There
were probably several oscillations of level which assisted in
bringing about these changes, during which trees were often
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uprooted and laid prostrate, giving rise to layers of lignite.
Occasionally marshes were formed and peaty matter accumu-
lated, after which salt water again predominated, so that
species of Mytilus, Mya, Leda, and other marine genera,
lived in the same area where the Unio, Cyclas, and Paludina
had flourished for a time. That the marine shells lived and
died on the spot, and were not thrown up by the waves during
a storm, is proved, as Mr. King has remarked, by the fact
that at West Runton, NW. of Cromer, the Mya truncata
and Leda myalis are found with both valves united and
erect in the loam, all with their posterior or siphun-
cular extremities uppermost. This attitude affords as good
evidence to the conchologist that those mollusca lived and
died on the spot as the upright position of the trees proves to
the botanist that there was a forest over the chalk east of
Cromer.

Between the stumps of the buried forest, and in the lignite
above them, are many well-preserved cones of the Scotch and
spruce firs, Pinus sylvestris, and Pinus dbies. The specifie
names of these fossils were determined for me in 1840, by a
hotanist of no less authority than the late Robert Brown; and
Professor Heer has lately examined a large collection from
the same stratum, and recognised among the cones of the
spruce some which had only the central part or axis remain-
ing, the rest having been bitten off, precisely in the same
manner as when in our woods the squirrel has been feeding
on the seeds. There is also in the forest-bed a great quan-
tity of resin in lumps, resembling that gathered for use,
according to Professor Heer, in Switzeriand, from beneath
spruce firs.

The following is a list of some of the plants and seeds which
were collected by the Rev. S. W. King, in 1861, from the
forest bed at Happisburg, and named by Professor Heer: —



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm

216 FOSSIL PLANTS AND MAMMALIA CHAP. XII.

Plamts and Seeds of the Forest and Lignite Beds below the
Qlacial Drift of the Norfolk Cliffs.

Pinus sylvestris, Scotch fir. Prunus spinosa, common sloe.
Pinus Abies, spruce fir. Menyanthes trifoliata, buckbean.
Taxus baccata, yew. Nymphea alba, white water-lily.

Nuphar luteum, yellow water-lily. | Abwus, alder.
Ceratophyltun demersum,hornwort. | Quercus, oak.
Potamogeton, pondweed. Betula, birch.

The insects, so far as they are known, including several
species of Donacia, are, like the plants and freshwater shells,
of living species. It may be remarked, however, that the
Scotch fir has been confined in historical times to the northern
parts of the British isles, and the spruce fir is nowhere in-
digenous in Great Britain. The other plants are such as
might now be found in Norfolk, and many of them indicate
fenny or marshy ground.*

When we consider the familiar aspect of the flora, the
accompanying mammalia are certainly most extraordinary.
There are no less than three elephants, a rhinoceros and
hippopdtamus, a large extinct beaver, and several large
estuarian and marine mammalia, such as the walrus, the
narwhal, and the whale.

The following is a list of some of the species of which the
bones have been collected by Messrs. Gunn and King.

Those marked * have been recorded by Professor Owen in
his British Fossil Mammalia. Those marked 1 have been
recognised by the same authority in the cabinets of Messrs.
Gunn and King, or in the Norwich Museum ; the other three
are given on the authority of Dr. Falconer.

* Mr. King discovered in 1863, in  distinguishable from those of other
the forest bed, severul rhizomas of the  British ferns by the peculiar arrange-
large British fern Osmunda regalis, ment of the vessels, us seen under the
of such dimensions as they are knowz  microscope in a cross section.
to attain in marshy places, They are
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Mammalia of the Forest and Lignite Beds below the Glacial
Drift of the Norfolk Cliffs.

Elephas meridionalis. * Cervus capreolus,
* Llephas primigenius. T Cervus tarandus.

Elephas antiquus. tCervus Sedgwicki.

Rhinoceros etruscus. * Arvicola amphibia.
* Hippopotamus (major ?). * Castor (Trogontherium) Cuviert.
*Sus serofa. * Custor Europeeus.
* Equus ( fossilis ?). * Paleospalax magnus.
* Ursus (sp. ?). t Trichecus rosmarus, Walrus.
tCanis lupus. tMonodon monoceros, Narwhal.
tBison priscus. tBalenoptera.
tMeguaceros hibernicus. -

Mr. Gunn informs me that the vertebree of two distinct
whales were found in the fluvio-marine beds at Bacton, and
that one of them, shown to Professor Owen, is said by him
to imply that the animal was sixty feet long. A narwhal’s tusk
was discovered by Mr. King near Cromer, and the remains of
a walrus. No less than three species of elephant, as deter-
mined by Dr. Falconer, have been obtained from the strata
3 and 3%, of which, according to Mr. King, E. meridionalis
is the most common, the mammoth next in abundance, and
the third, E. antiquus, comparatively rare. .

The freshwater shells accompanying the fossil quadrupeds,
above enumerated, are such as now inhabit rivers and ponds
in England ; but among them, as at Runton, between the
“forest bed’ and the glacial deposits, a remarkable variety
of the Cyclas amnica occurs, fig. 28, p. 218, identical with
that which accompanies the Elephas antiquus at Ilford and
Grays in the valley of the Thames.

All the freshwater shells of the beds intervening between
the forest~-bed No. 3, and the glacial formation 4, fig. 27,
are of recent species. As to the small number of marine
shells occurring in the same fluvio-marine series, I have seen
none which belonged to extinct species, although one or two
have been cited by authors. I am M doubt, therefore,



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm

218 GLACIAL DEPOSITS CHAP. XII.

whether to class the forest bed and overlying strata as
post-pliocene, or to consider them as beds of passage between
the newer pliocene and post-pliocene periods. The fluvio-ma-
rine series usually terminates upwardsin finely lJaminated sands
and clays without fossils, on which reposes the boulder clay.

Fig. 28

Cyclas (Pisidium) amnica var. ?
The two middle figures are of the natural size.

This formation, No. 4, is of very varying thickness. Its
glacial character is shown, not only by the absence of stratifi-
cation, and the great size and angularity of some of the
included blocks of distant origin, but also by the polished
and scratched surfaces of such of them as are hard enough to
retain any markings.

Near Cromer, blocks of granite from six to eight feet in
diameter bave been met with, and smaller ones of syenite,
porphyry, and trap, besides the wreck of the London clay,
chalk, oolite, and lias, mixed with more ancient fossiliferous
rocks. Erratics of Scandinavian origin occur chiefly in the
lower portions of the till. I came to the conclusion in 1834,
that they had really come from Norway and Sweden, after
having in that year traced the course of a continuous stream
of such blocks from those countries to Denmark, and across
the Elbe, through Westphalia, to the borders of Holland.
It is not surprising that they should then reappear on our
eastern coast between the Tweed and the Thames, regions not
balf so remote from parts of Norway as are many Russian
erratics from the sources whence they came.

According to the.observations of the Rev. J. Gunn and the
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late Mr. Trimmer, the glacial drift in the cliffs at Lowestoff
consists of two divisions, the lower of which abounds in the
Scandinavian  blocks, supposed to have come from the
north-east; while the upper, probably brought by a current
from the north-west, contains chiefly fragments of oolitic rocks,
more rolled than those of the lower deposit. The united
thickness of the two divisions without reckoning some
interposed laminated beds, is eighty feet, but it probably ex-
ceeds one hundred feet near Happisburgh.*  Although these
subdivisions of the drift may be only of local importance, they
help to show the changes of currents and other conditions,
and the great lapse of time which the accumulation of so
varied a series of deposits must have required.

The lowest part of the glacial till, resting on the Jaminated
clays hefore mentioned, is very even and regular, while its
upper surtface is remarkable for the unevenness of its outline,
owing partly, in all likelihood, to denudation, but still more
to other causes presently to be discussed.

The overlying strata of sand and gravel, No. 5, p. 213, often
display a most singular derangement in their stratification,
which in many places seems to have a very intimate re-
lation to the irregularities of outline in the subjacent il
There are some cases, however, where the upper strata are
much bent, while the lower beds of the same series have con-
tinued horizental. Thus the annexed section (fig. 29)
represents a cliff about fifty feet high, at the bottom of which
is till, or unstratified clay, containing boulders, having an
even horizontal surface, on which repose conformably beds of
laminated clay and sand about five feet thick, which, in their
turn, are succeeded by vertical, bent, and contorted layers of
sand and loam twenty feet thick, the whole being covered by
flint gravel. The curves of the variously coloured beds of

* Quarterly Geologieal Journal, vol. vii. p. 21.
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loose sand, loam, and pebbles, are so complicated that not
only may we sometimes find portions of them which maintain

Gravl =R

Sand

CLff 50 feet high between Bacton Gap and Mundesley.

their verticality to a height of ten or fifteen feet, but they
have also been folded upon themselves in such a manner
that continuous layers might be thrice pierced in one perpen-
dicular boring. _

At some points there is an apparent folding of the beds
round a central nucleus, as at a, fig. 30, where the strata seem

, \\\

Fig. 30

\\

Folding of the strata between Section of concentric beds west of Cromer.
East and West Runton. 1 Blue clay. 3 Yellow sand.

2 White sand. 4 Striped loam and clay.
5 Laminated blue clay.

bent round a small mass of chalk, or, as in fig. 31, where the
blue clay, No. 1, is in the centre ; and where the other strata,
2, 3, 4, 5, are coiled round it ; the entire mass being twenty
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feet in perpendicular height. This appearance of concentric
arrangement around a nucleus is, nevertheless, delusive, being
produced by the intersection of beds bent into a convex
shape ; and that which seems the nucleus being, in fact, the
innermost bed of the series, which has become partially visible
by the removal of the protuberant portions of the outer
layers.

To the north of Cromer are other fine illustrations of con-
torted drift reposing on a floor of chalk horizontally stratified
and having a level surface. These phenomena, in themselves
sufficiently difficult of explanation, are rendered still more-
anomalous by the occasional inclosure in the drift of huge
fragments of chalk many yards in diameter. One striking
instance occurs west of Sherringham, where an enormous
pinnacle of chalk, between seventy and eighty feet in height,
is flanked on both sides by vertical layers of loam, clay, and
gravel (fig. 32).

S e

Chall\~

—_——

Included pinnacle of chalk at Old Hythe point, west of Sherringham.

d Chalk with regular layers of chalk flints,
¢ Layer called *the pan,” of chalk, flints, and marine shells of recent
species, cemented by oxide of iron.
This chalky fragment is only one of many detached masses

which have been included in the drift, and forced along with
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it into their present position. The level surface of the chalk
wn situ (d) may be traced for miles along the coast, where it
has escaped the violent movements to which the incumbent
drift has been exposed.*

We are called upon, then, to explain how any force can
have been exerted against the upper masses, so as to produce
movements in which the subjacent strata have not partici-
pated. It may be answered that, if we conceive the ¢ill and
its boulders to have been drifted to their present place by
ice, the lateral pressure may have been supplied by the strand-
ing of ice-islands. We learn, from the observations of
Messrs. Dease and Simpson in the polar regions, that such
islands, when they run agr‘ound, push before them large
mounds of shingle and sand. It is therefore probable that
they often cause great alterations in the arrangement of pliant
and incoherent strata forming the upper part of shoals or
submerged banks, the inferior portions of the same remaining
unmoved. Or many of the complicated curvatures of these
layers of loose sand and gravel may have been due to another
cause, the melting on the spot of icebergs and coast ice in
which successive deposits of pebbles, sand, ice, snow, and mud,
together with huge masses of rock fallen from cliffs, may have
become interstratified. Ice-islands so constituted often cap-
size when afloat, and gravel once horizontal may have assumed,
before the associated ice was melted, an inclined or vertical
position. The packing of ice forced up on a coast may lead
to a similar derangement in a frozen conglomerate of sand or
shingle, and, as Mr. Trimmer has suggested, } alternate layers
of earthy matter may have sunk down slowly during the
liquefaction of the intercalated ice so as to assume the most
fantastic and anomalous positions, while the strata below,

* For a full account of the drift of 104, May, 1840.
East Norfolk, see a paper by the T Quarterly Journal, Geological
author, Philosophical Magazine, No.  Society, vol. vii. pp. 22, 30.
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and those afterwards thrown down above, may be perfectly
horizontal (see above).

In most cases where the principal contortions of the layers
of gravel and sand have a decided correspondence with deep
indentations in the underlying ¢ill, the hypothesis of the
melting of large lumps and masses of ice once mixed up with
the till affords the most natural explanation of the phenomena.
The quantity of ice now seen in the cliffs near Behring’s
Straits, in which the remains of fossil elephants are common,
and the huge fragments of solid ice which Meyendorf dis-
covered in Siberia, after piercing through a considerable
thickness of incumbent soil, free from ice, is in favour of
such an hypothesis, the partial failure of support necessarily
giving rise to foldings in the overlying and previously hori-
zontal layers, as in the case of creeps in coal mines.*

In the diagram of the cliffs at p. 213, the bent and con-
torted beds No. 5, last alluded to, are represented as covered
by undisturbed beds of gravel and sand, No. 6. These are
usually destitute of organic remains; but at some points
marine shells of recent species are said to have been found in
them. They afford evidence at many points of repeated
denudation and redeposition, and may be the monuments of
a long series of ages.

Mundesley Post-glacial Freshwater Formation.

In the range of cliffs above described at Mundesley, about
two miles south-east of Cromer, a fine example is seen of a
freshwater formation, newer than all those already mentioned,
a deposit which has filled up a depression hollowed out of all
the older beds 3, 4, and 5, of the section, p. 213.

When I examined this line of coast in 1839, the section
alluded to was not so clearly laid open to view as it has

* See Manual of Geology, by the author, p. 61.
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been of late years, and finding at that period not a few of the
fossils in the lignite beds, No. 3/, above the forest bed, iden-
tical in species with those from the post-glacial deposits, B c,
I supposed the whole to have been of contemporaneous

Fig. 33

Section of the newer freshwater formation in the cliffs at Mundesley, two
miles SE. of Cromer, drawn up by the Rev. 8. W. King.
Height of cliff where lowest, 35 feet ubove high water.
Older Series.
1 Fundamental chalk, below the beach line.
3 Forest bed, with elephant, rhinoceros, stag, &c., and with tree roots
and stumps, also below the beach line.
3’ Finely laminated sands and clays, with thin layer of lignite, and
shells of Cyclas, and Valvata, and with Mytilus in some beds.
4 Glacial boulder till.
5 Contorted drift.
6 Gravel overlying contorted drift.
N.B.—No. 2 of the section, fig. 27, at p. 213, is wanting here.

' Newer Freshwater Beds.

A Coarse river gravel, in layers inclined against the till and laminated
sands.

B Black peaty deposit, with shells of Anodon, Valvata, Cyclas, Sue-
cinea, Limnea, Paludina, &c., seeds of Ceratophyllum demersum,
Nuphar lutea, scales and bones of pike, perch, salmon, &c.,
elytra of Donacia, Copris, Harpalus, and other beetles.

¢ Yellow sands. _

p Drift gravel

origin, and so described them in my paper on the Norfolk
cliffs.*

Mr. Gunn was the first to perceive this mistake, which he
explained to me on the spot when I revisited Mundesley in
the autumn of 1859, in company with Dr. Hooker and

* Philosophical Magazine, vol. xvi. May 1840, p. 345.
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Mr. King. The last-named geologist has had the kindness
to draw up for me the annexed diagram of the various beds
which he has recently studied in detail.*

The formations 3, 4, and 5, already described, p. 213, were
evidently once continuous, for they may be followed for
miles NW. and SE. without a break, and always in the same
A valley or river channel was cut through them, pro-
bably during the gradual upheaval of the country, and the
hollow became afterwards the receptacle of the comparatively

order.

modern freshwater beds, 4, B, ¢, and p. They may well re-
present a silted up river-channel, which remained for a time
in the state of a lake or mere, and in which the black peaty
mass, B, accumulated by a very slow growth over the gravel
of the river-bed A. In B, we find remains of some of the
same plants which were enumerated as common in the
ancient lignite in 3’, such as the yellow water-lily and horn-
wort (p. 216), together with some fresh water shells which
occur in the same fluvio-marine series 3.

Fig. 34

Paludina marginata Michaud. (P. minuta Strickland.)
Hydrobia marginata.t

The middle figure is of the natural size,

The only shell which I found not referable to a British spe-
cies is the minute paludina, fig. 34, already alluded to, p. 164.

* Mor. Prestwich has given a correct
account of this scetion in a puper read
to the British Association, Oxford,
1860. See Geologist's Magazine,
vol. iv. 1861,

T This shell is said to have a sub-
spiral operculum (not a concentric

one, as inPuludina), and therefore ;o
be referable to the Hydrobia, a sub-
genus of Rissoa. But this species is
always associated with freshwater
shells, while the Rissore frequent
marine and brackish waters,
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When I showed the scales and teeth of the pike, perch,
roach, and salmon, which I obtained from this formation, to
Mr. Agassiz, he thought they varied so much from their
nearest living representatives that they might rank as distinct
species ; but Mr. Yarrell doubted the propriety of so distin-
guishing them. The insects, like the shells and plants, are
identical, so far as they are known, with living British
species. No progress has yet been made at Mundesley in dis-
covering the contemporary mammalia.

By referring to the description and section of the freshwater
deposit at p. 168, the reader will at once perceive the striking
analogy of the Mundesley and Hoxne deposits, the latter so
productive of flint implements of the Amiens type. Both of
them, like the Bedford gravel with flint tools and the bones of
extinct mammalia (noticed at p. 164), are post-glacial. It
will also be seen that a long series of events, accompanied by
changes in physical geography, intervened between the forest
bed,” No. 3, fig. 27, p. 213, when the Elephas meridionalis
flourished, and the period of the Mundesley fluviatile beds
A, B, ¢; just as in France I have shown, p. 199, that the
same E. meridionalis belonged to a system of drainage
different from and anterior to that with which the flint im-
plements of the old alluvium of the Somme and the Seine
were connected.

Before the growth of the ancient forest, No. 3, fig. 33, the
Mastodon arvernensis, a large proboscidian, characteristic of
the Norwich crag, appears to have died out, or to have become
gcarce, as no remains of it have yet been found in the Norfolk
cliffs. There was, no doubt, time for other modifications in
the mammalian fauna between the era of the marine beds,
No. 2, p. 213 (the shells of which imply permanent sub-
mergence beneath the sea), and the accumulation of the
uppermost of the fluvio-marine, and lignite beds, No. 3, which
overlie both Nos. 3 and 2, or the buried forest and the crag.
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In the interval we must suppose repeated oscillations of level,
during which land covered with trees, an estuary with its
freshwater shells, and the sea with its My« truncate and
other mollusca still retaining their erect position, gained by
turns the ascendency. These changes were accompanied by
some denudation followed by a grand submergence of several
hundred feet, probably brought about slowly, and when
floating ice aided in transporting erratic blocks from great
distances. The glacial ¢ill, No. 4, then originated, and the
gravel and sands, No. 5, were afterwards superimposed on
the boulder clay, first in horizontal beds, which became sub-
sequently contorted. These were covered in their turn by
other layers of gravel and sand, No. 6, pp. 213 and 224, the
downward movement still continuing.

The entire thickness of the beds above the chalk at some
points near the coast, and the height at which they now are
raised, are such as to show that the subsidence of the country
after the growth of the forest bed, exceeded four hundred feet.
The re-elevation must have amounted to nearly as many feet,
as the site of the ancient.forest, originally snbaérial, has been
brought up again to within a few feet of high-water mark.
Lastly, after all these events, and probably during the final
process of emergence, the valley was scooped out in which
the newer freshwater strata of Mundesley, fig. 33, p. 224, were
gradually deposited.

‘Throughout the whole of this succession of geographical
changes, the flora and invertebrate fauna of Europe appear
to have undergone no important revolution in their specific
characters. The plants of the forest bed belonged already to
what has been called the Germanie flora. The mollusca, the
insects, and even some of the mammalia, such as the European
beaver and roebuck, were the same as those now coexisting
with Man. Yet the oldest memorials of our species at present
discovered in Grreat Britain are post-glacial, or posterior in date
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to the boulder clay, No. 4, pp. 213 and 224. The position of the
Hozxne flint implements corresponds with that of the Mundesley
beds, from A to », p. 224, and the most likely stratum in which
to find hereafter flint tools is no doubt the gravel A of that
section which has all the appearance of an old river-bed. No
flint tools have yet been observed there, but had the old
alluvium of Amiens or Abbeville occurred in the Norfolk
cliffs instead of the Valley of the Somme, and had we de-
pended on the waves of the sea instead of the labour of many
hundred workmen continued for twenty years, for exposing
the flint implements to view, we might have remained ignorant
to this day of the fossil relics brought to light by M. Boucher
de Perthes, and those who have followed up his researches.

Neither need we despair of one day meeting with the signs
of Man’s existence in the forest bed No. 3, or in the overlying
strata 3’, on the ground of any uncongeniality in the climate
or incongruity in the state of the animate creation with the
well-being of our species. For the present we must be con-
tent to wait and consider that we have made no investigations
which entitle us to wonder that the bones or stone weapons
of the era of the Elephas meridionalis have failed to come
to light.* If any such lie hid in those strata, and should here-
after be revealed to us, they would carry back the antiquity
of Man to a distance of time probably more than twice as
great as that which separates our era from that of the most
ancient of the tool-bearing gravels yet discovered in Picardy,
or elsewhere. But even then the reader will perceive that
the age of Man, though preglacial, would be so modern in
the great geological calendar, as given at p. 7, that he would
scarcely date so far back as the commencement of the post-
pliocene period.

* See Appendix A on the alleged traces in France of the coexistence of Man
with Elephas meridionalis,
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CHAPTER XIII

CHRONOLOGICAL RELATIONS OF THE GLACIAL PERIOD AND THE
EARLIEST SIGNS OF MAN’S APPEARANCE IN EUROPE.

CHRONOLOGICAL RELATIONS OF THE CLOSE OF THE GLACIAL PERIOD
AND THE EARLIEST GEOLOGICAL SIGNS OF THE APPEARANCE OF MAN —
EFFECTS OF GLACIERS AND ICEBERGS IN POLISHING AND SCORING
ROCKS — SCANDINAVIA ONCE ENCRUSTED WITH ICE LIKE GREENLAND —
OUTWARD MOVEMENT OF CONTINENTAL ICE IN GREENLAND — MILD
CLIMATE OF GREENLAND IN THE MIOCENE PERIOD — ERRATICS OF
RECENT PERIOD IN SWEDEN — GLACIAL STATE OF SWEDEN IN THE POST-
PLIOCENE PERIOD — SCUTLAND FORMERLY ENCRUSTED WITH ICE —ITS
SUBSEQUENT SUBMERGENCE AND RE-ELEVATION -— LATEST CHANGES
PRODUCED RBY GLACIERS IN SCOTLAND — REMAINS OF THE MAMMOTH
AND REINDEER IN SCOTCH BOULDER OLAY —PARALLEL ROADS OF GLEN
ROY FORMED IN GLACIER LAKES — COMPARATIVELY MODERN DATE OF
THESE SHELVES,

HE chronological relations of the human and glacial pe-
riods were frequently alluded to in the last chapter, and

the sections obtained near Bedford (p. 164), and at Hoxne,
in Suffolk (p. 168), and a general view of the Norfolk eliffs,
have taught us that the earliest signs of Man’s appearance in
the British Isles, hitherto detected, are of post-glacial date,
in the sense of being posterior to the grand submergence of
England beneath the waters of the glacial sea. But after that
period, during which nearly the whole of England North of
the Thames and Bristol Channel lay submerged for ages, the
bottom of the sea, loaded with mud and stones melted out of
floating ice, was upheaved, and glaciers filled for a second
time the valleys of many mountainous regions. We may now
therefore inquire whether the peopling of Europe by the
human race and by the mammoth and other mammalia
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now extinct, was brought about during this concluding phase
of the glacial epoch.

Although it may be impossible in the present state of our
knowledge to come to a positive conclusion on this head, I
know of no inquiry better fitted to clear up our views respec-
ting the geological state of the northern hemisphere at the
time when the fabricators of the flint implements of the
Amiens type flourished. I shall therefore now proceed to
consider the chronological relations of that ancient people
with the final retreat of the glaciers from the mountains of
Scandinavia, Scotland, Wales, and Switzerland.

Superficial Markings and Deposits left by Glaciers and
Icebergs.

In order fully to discuss this question, I must begin by re-
ferring to some of the newest theoretical opinions entertained
on the glacial question. When treating of this subject in the
¢ Principles of Geology,’ ch. xv., and in the ¢ Manual (or Ele-
ments) of Geology,” ch. xi., I have stated that the whole mass
of the ice in a glacier is in constant motion, and that the
blocks of stene detached from boundary precipices, and the
mud and sand swept down by avalanches of snow, or by rain
from the surrounding heights, are lodged upon the surface
and slowly borne along in lengthened mounds, called in
Switzerland moraines. These accumulations of rocky frag-
ments and detrital matter are left at the termination of the
glacier, where it melts in a confused heap called the ¢ terminal
moraine,” which is unstratified, because all the blocks, large
and small, as well as the sand and the finest mud, are carried
to equal distances and quietly deposited in a confused mass
without being subjected to the sorting power of running
water, which would convey the finer materials farther than
the coarser ones, and would produce, as the st-rength of the
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current varied from time to time in the same place, a stratified
arrangement.

In those regions where glaciers reach the sea, and where
large masses of ice break off and float away, moraines, such
as I have just alluded to, may be transported to indefinite
distances, and may be deposited on the bottom of the sea
wherever the ice happens to melt. If the liquefaction take
place when the berg has run aground and is stationary, and
if there be no current, the heap of angular and rounded stones,
mixed with sand and mud, may fall to the bottom in an un-
stratified form called “till> in Scotland, and which has been
shown in the last chapter to abound in the Norfolk cliffs;
but should the action of a current intervene at certain points
or at certain seasons, then the materials will be sorted as they
fall, and arranged in layers according to their relative weight
and size. Hence there will be passages from i/l to stratified
clay, gravel, and sand.

Some of the blocks of stone with which the surfaces of
glaciers are loaded, falling occasionally through fissures in
the ice, get fixed and frozen into the bottom of the moving
mass, and are pushed along under it. In this position, being
subjected to great pressure, they scoop out long rectilinear
furrows or grooves parallel to each other on the subjacent
solid rock. Smaller scratches and striee are made on the
polished surface by crystals or projecting edges of the hardest
minerals, just as a diamond cuts glass.

In all countries the fundamental rock on which the boulder
formation reposes, if it consists of granite, gneiss, marble, or
other hard stone capable of permanently retaining any super-
ficial markings which may have been imprinted upon it, is
smoothed or polished, and exhibits parallel strize and furrows
having a determinate direction. This preva.ilihg direction,
both in Europe and North America, is evidently connected
with the course taken Dby the erratic blocks in the same
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district, and is very commonly from north to south, or if it be
twenty or thirty or more degrees to the east or west of north,
still always corresponds to the direction in which the large
angular and rounded stones have travelled. These stones
themselves also are often furrowed and scratched on more
than one side, like those already spoken of as occurring in
the glacial drift of Bedford (p. 165), and in that of Norfolk
(pp. 213 and 218).

When we contemplate the area which is now exposed to
the abrading action of ice, or which is the receptacle of mo-
raine matter thrown down from melting glaciers or bergs, we
at once perceive that the submarine area is the most exten-
sive of the two. The number of large icebergs which float
annually to great distances in the northern and southern
hemisphere is extremely great, and the quantity of stone
and mud which they carry about with them enormous. Some
floating islands of ice have been met with from two to five
miles in length, and from one hundred to two hundred and
twenty-five feet in height above water, the submerged por-
tion, according to the weight of ice relatively to sea water,
being from six to eight times more considerable than the part
which is visible. Such masses, when they run aground on
the bottom of the sea, must exert a prodigious mechanical
power, and may polish and groove the subjacent rocks after
the manner of glaciers on the land. Hence there will often
be no small difficulty in distinguishing between the effects of
the submarine and supramarine agency of ice.

Scandinavia once covered with Ice, and a Centre of
Dispersion of Erratics.

In the north of Europe, along the borders of the Baltic,
where the boulder formation is continuous for hundreds of
miles east and west, it has been long known that the erratic
blocks, often of very large size, are of northern origin. Some
-of them have come from Norway and Sweden, others from
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Finland, and their present distribution implies that they were
carried southwards, for a part at least of their way, by floating
ice, at a time when much of the area over which they are
scattered was under water. But it appears from the obser-
vations of Boetlingk, in 1840, and those of more recent in-
quirers, that while many blocks have travelled to the south,
others have been carried northwards, or to the shores of the
Polar Sea, and others north-eastward, or to those of the White
Sea. In fact, they have wandered towards all points of the
compass, from the mountains of Scandinavia as a centre, and
the rectilinear furrows imprinted by them on the polished
surfaces of the mountains where the rocks are hard enough to
retain such markings, radiate in all directions, or point out-
wards from the highest land, in a manner corresponding to
the course of the erratics above mentioned.*

Before the glacial theory was adopted, the Swedish and
Norwegian geologists speculated on a great flood, or the
sudden rush of an enormous body of water charged with mud
and stones, descending from the central heights or watershed
into the adjoining lower lands. The erratic blocks were sup-
posed in their downward passage to have smoothed and
striated the rock surfaces over which they were forced along.

It would be a waste of time, in the present state of science,
to controvert this hypothesis, as it is now admitted that even
if the rush of a diluvial current, invented for the occasion
and wholly without analogy in the known course of nature,
be granted, it would be inadequate to explain the uniformity,
parallelism, persistency, and rectilinearity of the so-called
glacial furrows. It is moreover ascertained that heavy
masses of rock, not fixed in ice, and moving as freely as they
do when simply swept along by a muddy current, do not
give rise to such scratches and furrows.

* Sir R. I. Murchison, in his  dinavian drift, but by arrows the di-
‘Russin. and the Ural Mountains’  rection in which it ¢ proceeded cecen-
(1845), has indicated on a map, not  tricallyfrom a common central region.’
only the southern limits of the Scan-



http://www.geology.19thcenturyscience.org/books/1863-Lyell-AntiquityMan/README.htm

234 - VIEWS OF M. KJERULF. CHAP. XIII.

M. Kjerulf, of Christiania, in a paper lately communicated
to the Geological Society of Berlin,* has objected, and perhaps
with reason, to what he considers the undue extent to which
I have, in some of my writings, supposed the mountains of
northern Europe to have been submerged during the glacial
period. He remarks that the signs of glacial action on the
Scandinavian mountains ascend as high as 6,000 feet, whereas
fossil marine shells of the same period never reach elevations
exceeding 600 feet. The land he says may have been much
higher than it now is, but it has evidently not been much
lower since the commencement of the glacial period, or marine
shells would be traceable to more elevated points. In regard
to the absence of marine shells, I shall point out in the se-
quel how small is the dependence we can place on this kind
of negative evidence, if we desire to test by it the extent to
which the land has been submerged. I cannot therefore con-
sent to limit the probable depression and re-elevation of
Scandinavia to 600 feet. But that the larger part of the
glaciation of that country has been supramarine, I am willing
to concede. In support of this view M. Kjerulf observes that
the direction of the furrows and striee, produced by glacial
abrasion, neither conforms to a general movement of floating
ice from the Polar regions, nor to the shape of the existing
valleys, as it would do if it had heen caused by independent
glaciers generated in the higher valleys after the land had
acquired its actual shape. Their general arrangement and
apparent irregularities are, he contends, much morein accor-
dance with the hypothesis of there having been at one time
a universal covering of ice over the whole of Norway and
Sweden, like that now existing in Greenland, which, being
annually recruited by fresh falls of snow, was continually
pressing outwards and downwards to the coast and lower
regions, after crossing many of the lower ridges, and having

* Zeitschrift der Geologischen Gesellschaft, Berkin, 1860.
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no relation to the minor depressions, which were all choked up
with ice and reduced to one uniform level.

Continental Ice of Greenland.

In support of this view, he appeals to the admirable de-
seription of the continental ice of Greenland, lately published
by Dr. H. Rink, of Copenhagen,* who resided three or four
years in the Danish settlements, in Baffin’s Bay, on the west
coast of Greenland, between latitudes 69°and 73° N. ¢In that
country, the land,’ says Dr. Rink, *may be divided into two
regions, the “inland” and the ¢ outskirts.,” The “inland,”
which is 800 miles from west to east, and of much greater
length from north to south, is a vast unknown -continent,
buried under one continuous and colossal mass of permanent
ice, which is always moving seaward, but a small proportion
only of it in an easterly direction, since nearly the whole de-
scends towards Baffin’s Bay.” At the heads of the fiords
which intersect the coast, the ice is seen to rise somewhat
abruptly from the level of the sea to the height of 2,000 feet,
beyond which the ice of the interior rises continuously as far
as the eye can reach, and to an unknown altitude. All minor
ridges and valleys are levelled and concealed, but here and
there steep mountains protrude abruptly from the icy slope,
and a few superficial lines of stones or moraines are visible at
seasons when no recent snow has fallen.t

Although all the ice is moving seaward, the greatest quan-
tity is discharged at the heads of certain large friths, usually
about four miles wide, which, if the climate were milder,
would be the outlet of as many great rivers. Through these
the ice is now protruded in huge blocks, several miles wide,
and from 1,000 to 1,500 feet in height or thickness. When
these masses reach the friths, they do not melt or break up

* Journal of Royal Geographical 1 Sce Appendix E.
Society, vol. xxiii, p. 145, 1853.
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into fragments, but continue their course in a solid 