http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm

CONTENTS

BOOK VI
STRATIGRAPHICAL

GEOLOGY

(CONTINUED)

PART 111.-MESOZOIC OR SECONDARY, 1419
S

iTR1ASSIO
1. General Characters

"

2. Local Development

.

.
"

.

.

.

.1422

.

. 1423

.

1432

Britain, 1432-Central Europe, 1438-Scandinavia, 1442-Alpine
Tria.s, 1442-Spitzbergen, 1451-Asia, 1452-Australia, 1453
New Zealand, 1454-Africa, 1454-North America, 1454.
IL JURASSIC

.

.

.

.

1. General Characters

.

.

.

.

2. Local Development

"

.

.

.

.1456
" 1456
.

.

.

. 1481

.

Britain, 1481-France and the Jura, 1500-Germany, 15W1512-Sweden, 1514-Russia, 1514-North America, 151 -A'i
1516-Austraissla, 1517.
IILORETAOEOUS

S

S

"

1. General Characters

.

2. local Development

.

.

.

.

.

.

.

.1518

"

,

"

.

.1518

.

.

.

.

. 1542

.

Britain, 1848-France and Belgium, 1858-Germany, 1587-Switzer.
land, and the Chain of the Alps, 1569-Basin of the Mediter.
ranean, 1572-RUssia, 1572-India, 1574-North America 1874
Australasia, 1579.
(iii)

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
IV

CONTENTS
PART IV.-CAINOZOIC OR TERTIARY, 1581.

LEOOENB .

.

.

1. General Characters

.

.

.

.

"

.

.

.1587
. 1587

,

2. Local Development
.
.
.
.
.
.
.
.
. 1595
Britain, 1595-Northern France and Belgium, 1603-Southern Europe, 1608-India, etc., 1611-North America, 1612-Australasia,
1613.
II. OLIGOOENE

" 1616

] General Characters

1616

2. Local Development
.
.
.
.
.
.
.
.
" 1619
Britain, 1619-France, 1623-Belgium, 1626-Germany, 1626-Switzerland, 1628-Vienna Basin, 1629-Italy, 1680-North America,
1630.
III. MIOCENE
1. General Characters

.

.

.

.

.

.

.

"

.1631

.

.

.

.

.

.

.

.

. 1631

2. Local Development
.
.
.
.
.
.
.
.
France, 1637-Belgium, 1638-Germany, 1638-Mainz Basin, 1638Vienna Basin, 1640-Switzerland, 1642-Italy, 1643-Greenland,
1643-India, 1844-North America, 1645-Australia, 1645--New
Zealand, 1646.
IV. PLIOCENE

.

.

.

1. General Characters

.

.

.

.

.

.

"

.

.

.

. 1637

. 1647
.

.

2. Local Development
.
.
.
.
.
.
.
.
Britain, 1653-Belgium and Holland, 1864-France, 1664-Italy, 1666
-Germany, 1668-Vienna Basin, 1668-Greece, 1670-Samos,
1672-India, 1672-North America, 1675-Australia, 1675-New
Zealand, 1677.

. 1647
. 1653

PART V.-POST-TERTIARY OR QUATERNARY, 1677
L PLEISTOCENE OR GLACIAL

"

.

.

.

.

.

1. General Characters

.

.

.

.

.

.

.

"

. 1679
" 1679

Pre-glacial Land-surfaces, 1681-The Northern Ice-sheet, 1682Ice-crumpled Rocks, 1691-Detritus of the Ice-sheet, Bowiderclay, Till, 1691-Inter-glacial beds, 1695-Evidences of Submergence, 1700-Second Glaciation, Re-elevation, Raised Beaches,
12.
2. Local Development

.

.

"

.

.

.

.

Britain, 1710-Scandinavia, 1715-Germany, 1715-France, 1717Belgium, 1719-The Alps, 1719-Russia, 1722-North America,
1728-India, 1780-Australasia, 1781.

. 1710

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
CONTENTS
IL RECENT, POST-GLACIAL OR HUMAN PERIOD
1. GeneraL Characters

.

V
.

,
.

.

.

. 1732
. 1732

River Alluvia, 1788-Brick-Earths, 1736-Cavern Deposits, 1787
-Calcareous Tufas, 1787-Loess, 1788-PaholithIo Fauna, 1741
-Neolithic, 1744.
2

Local Development

.

.

1746

Britain, 1748-France, 1748-Germany, 1748-Switzerland, 1749
Denmark, 1749-North America, 1750-Australasla, 1751.

BOOK

VII

PHYSIOGRAPHICAL GEOLOGY,

1752

I. Terrestrial Features due more or less directly to Disturbance
of the Crust, 1758-2. Terrestrial Features due to Volcanic
Action, 1770-3. Terrestrial Features due to denudation, 17*

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm

TEXT-BOOK.

OF

BOOK

GEOLOGY

VI

STRATIGRAPHICAL

GEOLOGY

(CONTINUED)

PART

III.

MESOZOIC

OR

SECONDARY

no geologist now admits the abrupt lines of
division which were at one time believed to mark
THOUGH
off the limits of geological systems and to bear wit
ness to the great terrestrial revolutions by which these sys
tems were supposed to have been terminated, nevertheless
the influence of the ideas which gave life to these banished
beliefs is by no means extinct.

The threefold division of

the stratified rocks of the terrestrial crust into Primary, Sec
ondary, and Tertiary, or, as they are now called, Palozoic,
Mesozoic, and

Cainozoic,

is

a

relic

of

those

ideas.

This

threefold arrangement is retained, however, not because each
of these great periods of geological time is thought to have
been

separated

by any marked

geological or geographical

episode from the period which preceded or that which fol
lowed it, but because,
necessary

in

the

classification and subdivision

acquisition of

knowledge,

this

being

grouping

of the earth's stratified formations into three great series is
coivenient.

In our survey of the older members of these

formations we

have come to

the end of the first series of

fossiliferous systems, and are about to enter upon the con
(1419)
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sicleration of the second.

But we find no indication in the

rocks of any general break in the continuity of the processes
of

sedimentation

and

recorded among the

of

life

which we

Palaeozoic rocks.

have

seen

to

be

On the contrary, so

insensibly do the Paheozoic formations in many places merge
into the Mesozoic, that not only can no sharp line be drawn
between them, but it
the

strata

has even been proposed

to embrace

at the top of the one series and the base of the

other as parts of a single continuous system of deposits.
Nevertheless, when we look at the Mesozoic rocks as a
whole, and contrast them with the Pahoozoic rocks below
them, certain broad distinctions readily present themselves.
Whereas in the older series mechanical sediments form the
prevalent constituents,

piled

sandstone, conglomerate,
of feet in

in masses

up

and shale

often

of

graywacke,
thousands

many

thickness, in the newer series limestones play a

much more conspicuous part.

Again, while in the

Palaeo-zoic
formations a single kind of sediment may continue mo
or many hundreds or even thousands

notonously persistent
of feet
thick

of vertical

depth,

accumulations

limestone,

are

of

in

locally

one

the

Mesozoic

kind

of

material,

there

developed,

series,

is

a

though

especially

much

more

general tendency toward frequent alternations of different
kinds of sedimentary material, sandstones, shales, and. lime
stones succeeding each other in rapid interchange.

Another

contrast between the

the

two

series

is

supplied

by

very

different extent to which they have suffered from terrestrial
disturbances.

Among

the

for the

to have

been

strata
to

positions,
regions. to

have

been

have been

Palaozoic rocks it is
thrown

into

various

the

inclined

dislocated, by faults, and in

crumpled,

and even metamorphosed.

pushed

over

rule

each

many
other,

The exceptions to this rule are
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so few that they are always signalized as of special interest.
the Mesozoic rocks,

Among

on

the contrary, the original

stratification-planes have usually been little deranged, faults
are generally few

and trifling, and

it is

for the most part

only along the flanks or axes of great mountain-chains that
extreme dislocation and

disturbance can

further distinction is to

be observed.

A

be found in the relation of the

two

series to volcanic activity.
that

chapters
marked

every

somewhere

tions, that

in

Isles, there

in

the

Pa1ozoic

Old

World

regions, such

has been
and

of

period

certain

material again

We have seen in the foregoing

an

as

time

has

volcanic

by
that

the

of

abundant outpouring of

again in

successive

been
erup

British
volcanic

geological periods

within the same limited area, and thus that masses of lava
and

tuff

thousands

of

hundreds

covering

of

feet

in

miles

square

thrown out at the surface.

thickness,
in

and

sometimes

extent,

have been

But in the European area, with

some trifling exceptions at the beginning, the whole of the
Mesozoic

ages

The

eruptions.
basalts,

appear to have been unbroken by volcanic

and

felsites,

other

lavas

rhyolites;
and

porphyrites,

eruptive

among the Primary formations are

rocks

generally

so

diabases,
plentiful

absent

from

the Secondary series.
But perhaps
interesting,

the

contrast

most

striking, and. certainly

between

the newer series is supplied
mains.

in.

rocks

of

the

older

and.

their respective organic re

The vegetable world undergoes a remarkable trans..
The

formation.
forms

the

the most

now

ancient

ceases.

preponderance

The antique

types of

of

cryptogamic

Sigillaria,

Stig

maria, Lepidodendron, Oalamites, and their allies disappear
from the

land, and

their places

are

taken by cycads and

conifers, while eventually the earliest monocotyledons come
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Nor are

the rich flora of existing time.

as the vanguard of

Such ancient

the changes less marked in the animal world.

and persistent types as the graptolites and trilobites had now
wholly vanished.

The crinoids,

that grew so

luxuriantly

over the sea-floor in older time, now flourished in greatly
diminished
viously

numbers,
a

occupied

the

while

very

urchins,

subordinate

had

which

pre

took

position,

their

place as the most conspicuous group of the Echinoderms.
The brachiopods, which from the remotest
so

a

prominent

diminished in
pods

the

place

mollusks,

and variety.

number

Palaozoic

the

among

type

of

the

time had filled
now

Among the cephalo

Orthoceratites

was

ceeded by the Mesozoic type of the Ammonites.
haps

the

most

variety and

distinctive

abundance

dont amphibians

rapidly

feature

of reptilian

of

the

life.

But per

fauna
The

were replaced by many new

suc

was

the

labyrintho
orders, such

as the Ichthyosaurs, Plesiosaurs, Ornithosaurs, Deinosaurs,
and Crocodiles.

It was in Mesozoic time also that the first

mammals made their
appearance in marsupial forms, which
remained

the

highest

beginning of the
The

types

that

were

reached

before

the

Cainozoic periods.

Mesozoic

formations

have

been

grouped

in

three

great divisions, which, though first defined in Europe, are
found to have their representative series of rocks and fos
sils all over the world.

The oldest of these is the Trias or

Triassic system, followed by the Jurassic and Cretaceous.
Section
It

has

red-.rocks,

been

i.

Triassic

already mentioned

which

in

England

system, were formerly classed

that the

overlie

the

great mass of
Carboniferous

together as New Red

stone, but are now ranged in two
systems.

Sand

We have con-
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sidered the lower of these under the name of Permian.

The

general fades

still

of

organic

decidedly Palaeozoic.
nect

it

with

the

Its

remains

in that
and

brachiopods

Carboniferous

division
its

rocks below.

is

plants con
Hence it is

placed

at

tions.

When, however, we enter the
upper division of the

the close of the long series of Palaeozoic forma

red rocks, though
in

most

fossils

of

the general

lithological characters remain

Europe very much

bring

before

flora and fauna.

as

in

us the advent

the lower group, the

of

the

great

Mesozoic

This group therefore is
put at the base of

the Mesozoic or Secondary series,
though in some regions,
as in England, no very
satisfactory line of demarcation can
always be drawn between Permian and Triassic rocks.
term

Trias was suggested by F. von Alberti in

the fact that in Swabia, and
the

group

But the
tained

consists

old

serve.

name,

three

New

Red

The

well-marked

subdivisions.'

Sandstone, is

familiarly re

into

an

threefold

The word Trias,

England.

unfortunately chosen, for

character

1834, from

throughout most of Germany,

by many geologists in

like Dyas, is
local

of

The

importance
subdivision,

it

elevates

which it
though

does

so

a

mere

not de

distinct

in

Germany, disappears elsewhere.
§ 1.

General

Characters

As the term Trias arose in Germany, so the
development
of the Triassic rocks in. that and adjoining
parts of Europe
has been accepted as the normal type of the system.

There

can be little doubt, however, that though this type is best
1

"Beitrag zu eiuer Monographie des Bunten Sandsteins, Musche]kalks, und
Keupera uud die Verbindung diesr Gebilde zu einer Formation," Stuttgart,
1834, p. 324.
Thirty years later the same observer published his "Ueberblick
über die Trias" 1864, and gave a synopsis of the Triassic literature of that
interval.
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known, and has been traced in detached areas ever the cen
tre and west of Europe, from Saxony and Franconia to the
north of Ireland, and from Basel to the Germanic plain, re
appearing even among the Eastern States of North America,
it must be looked
tion

commends

upon as a local phenomenon.

itself

to our

when

acceptance,

upon the nature of the strata of the central
sic basins.

This asser
we

reflect

European Trias

These rocks consist for the most part of bright

red sandstones and clays or mans, often ripple-marked, sun
cracked,

and

rain-pitted,

marked

with

animd

footprints.

They contain layers, nodules, or veinings of gypsum, beds
(and

scattered casts of crystals) of rock-salt, and bands or

massive beds of limestone, often dolomitic.
ciation

Such an asso

of materials points to isolated basins of deposit, or

salt-lakes or inland seas, to which the outer sea found occa
sional access, and in which the water underwent concentra
tion, until its gypsum and salt were thrown down.
intervals of

diminished salinity,

newed,

and

perhaps

basins,

were

the

maintained,
of

occasionally

thickness and

during which

some

connection
duration,

is

the

sea re

with

the

shown

by

fossiliferous nature of the limestones.

It is evident, however, that in
logical

a

That the

periods, the

prevalent

have been that of the open

sea.

this, as in all other geo

type

of

sedimentation

must

The thoroughly marine or

pelagic equivalents of the red rocks of the basins have now
been traced over a far wider
portion of the earth's surface.
In

the Alps

and

thence

eastward

through

the

Carpathian

Mountains and southern Russia into the heart of Asia and
northern India, as well as southward into
Italy and Spain,
the deposits of the open Triassic sea are well
developed.
Masses of limestone and dolomite,
attaining sometimes a
thickness of several thousands of feet, are there
replete with
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The same fauna has been

detected over a wide region of the north of Asia from
Spitz.
bergen to Japan, the western regions of North and South
America, in New Zealand, and in Southern Africa.
LIFE.-The f lo r a of the Triassic period
appears to have
been closely similar to that of the Permian.
It consisted
of

mainly

ferns

conifers, and

of

(some

them

arborescent),

equisetu.rns,

Among the ferns, a few Carbonifer.

cycads.

ous genera (Sphenopteris,
Pecopteris,
still

Cyclopteus)

with 0-lossopteris,
and

lopteris,

survive,

together

Toniopteris,

other

old

genera,

Caubut

F!U1f1T1TtIiI
II

new forms have appeared (Anomop
tens,

Acrostichites,

Clathropteris,

tenidium
tens)

[Crematopteris],

Sagenop-

The earliest undoubted horse

tail reeds occur in this system.
they
genera

are

represented

Equisetum

Sch.izoneura.
out in

the

(Fig.

two

377)

and

The latter genus died

Jurassic

period,

former is still represented
five living species.

but

jJ

Ii.
yj

Here

the

by

(
J

Lepidoptenis, Merianoptenis, Neu.rop-

'1

the

by twenty-

The conifers are

EVI
: \&I

1 .1.

(.,

1,
-

the cypress- Fig. 377.-Equisetum columnare,
Brongu. (s).
like or spruce-like twigs of which are
represented by Voltzia,

specially characteristic organisms of the Tnias (Fig. 378), and.
But the most distinctive feature in the flora
by Albertia.
of

the earlier Mesozoic

ages was

the

great

development of

The most abundant genus is Ptero

cycadaceous vegetation.

phyllum; others are Nilssonia, Zamites, Podozamites, Ptilo
phyllum, Otozamites.

So typical are these plants that the
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Mesozoic formations have been classed as belonging to the
"Age

of

Calcareous

Cyeads."

algae

etc.)

(Gyroporella,

abounded in the open seas of the time and contributed to
the growth of limestone reefs.
The f a u n a is exceedingly scanty in the red sandy and
many strata of the

central European

Trias, and compara

tively poor in forms, though often abundant in individuals,

Fig. 878.-Voltzia heterophylla, Brougn.
in the calcareous zones of the same region.

From the Al-

pine development, a much more varied suite of organisms
has been disinterred.

Some of the Alpine limestones are

full of foraminif era (Orbulina, Globigerina), others contain
numerous
nella, etc.).

calcareous

rocks,

sponges

(Eudea,

Verticellites,

Corals abound in some localities in

occasionally forming

true

plentiful among the limestones,

reefs.

Pero

the same

Echinoderms

are

particularly cninoid-stems,
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of which these rocks are in some cases almost wholly com
One of the most characteristic fossils of the Musehel
posed.
kalk

is

urchins

the

Encrinus

(Cidaris)

are

liliiformis
common

in

(Fig.

379).

the

Alpine

Species
Trias.

of
An

a

.1

1

D-1

e

I

........'.

Fig. 879.-Triassic Fossils.
Ceratites
nodosus,
De
Haun.; b, Estheria minuta, Goldf. (i); c, Pullastra ar&iicola.,
o,
Strickland (nat. size and enlarged) ci, Encrinus lilhformis, Schioth.
(nat. size); e, Nautilus bidorsatus, Schioth. (i).
abundant fossil in some of the upper Triassic and Bhtic
shales is the little phyllopoci Estheria (Fig. 379, b.
tailed decapods, like our living shrimps
well

represented

(Peneus,

2Eger,

and

Pemphyx,

Long

prawns,
etc.).

were
The

those of
brachiopods, while showing some resemblances to
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whole a

the

great contrast

to

these in their comparatively diminished numbers, and in the
final- disappearance

Retzia, which survived

and

Athyris

of some of the ancient
from

Thus

genera.

Upper Silurian

into Triassic time, then disappeared; Cyrtina, which began
in

Devonian period, likewise

the

died out in the

Triassic

seas, while its contemporary Spiriferina continued to flour
ish until the
fenina,

Although species of Spin

time of the Lias.

Athyris,

conspicuous

and

genera

Retzia
of

are

common,

brachiopods

are

the

most

two

Terebratula

and

Rhynchonella, and they continued to hold this position dur
ing the whole of the Mesozoic ages.
While the brachiopods were waning, the lamellibranchs
were taking a more prominent place in the molluscan fauna,
and in the Triassic seas they had already established the pre
dominance which they have maintained down to the present
One of the most distinctively Triassic genera is Myo

day.

phoria, of which there is a great abundance and variety of
Pecten

species.
villia,

Daonella,

don,

Anoplophora,
Nu.cu.la,

Hinnites,

Avicula,

Cassianella,

Oardium,

Pullastra

occur throughout the system.

Monotis, Lima,

(Fig.

Ger

Cardita,

Megalo

379, c),

likewise

Among gasteropods we find

representatives of some Palaeozoic types (Naticopsis, Loxo
nema,

Macrocheilus,

Murchisonia),

together

with

genera

characteristic of Secondary time, and some of which even
continue

to

live

now

(Tu.rritella,

Cerithium,

Chemnitzia,

Solarium).
In no feature is the contrast. between the
palaontological
poverty of the German and the richness of the Alpine Trias
so markedas in

the development of
cephalopods in the re

In the former area the nautili are
repre
a
few
of
sented chiefly by
Nautilus (N. bidorsatus,
species
spective regions.
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Fa.
ig 879, e), and the Ammonites by species. of Ceratites (C.
nodosus, Fig. 879, a; 0. semipartitus).
stones,

however,

there

ocdurs

a

In the Alpine lime

profusion

of

cephalopod

forms, among which a remarkable commingling of Palozoie
and Mesozoic types is notieable.

The genus Orthoceras, so

typical of the Paheozoic rocks, has never yet

been met with

in the German Triassic areas; but it
appears in the Alpine
Trias in species which do not differ much from those of the
older formations.

Associated with it are many forms of the

ancient and still surviving type of the Nautilus.

It is es

pecially interesting amid these examples of the persistence
of primeval forms to notice the advent of the earliest
precur
sors of type

which played a conspicuous part in the animal

of later periods.

life

Thus

the family of the Belemnites,

which appeared so prominently among the denizens of the
Mesozoic

seas, had

its

earliest

known

forms in

waters of Triassic time (Aulacoceras, Atractites).

the

open

Though

the earliest Ammonites had. appeared long before, it was not
until Triassic time that this great order began to assume the
importance which it maintained all
ages.
been

So

long as only the German

through the Mesozoic
type of the Trias

studied this early development was not known.

had
But

now besides the Ceratites, which also ranged into the
opener
Triassic waters, we have become acquainted with a remark
able variety of ammonoid types (Arcestes, Didymites, Halo.
rites, Tropites, Rhabdoceras,. Ptychites, Sageceras,
Trachy.
ceras, Pinacoceras, Lobites, Cladiscites,
Megaphyllites).
The fishes of the Triassic period include teeth and
spines
of elasmobranchs (Hybodus, Acrodus), scales, teeth, or exo
skeletons
Lepidotus,

of

ganoids

Nephrotus,

(Gyrolepis,
Saurichthys,

Dapedius,

of the dipnoan genus Ceratodus.

Semionotus,

Eugnathus) and

teeth
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palaonto1ogical features

distinctive

of

the

assemblage of amphibian and rep

Trias is the remarkable

tilian remains found in it.

The ancient order of Labyrin

thodonts still flourished; numerous prints of their feet have
been observed on surfaces of sandstone beds, and the bones
of

some

of them have been found (Trematosaurus, Masto

donsaurus,
are

now

almost

rhynchocephalo us

The

etc.).

extinct,

appear in

first

nearly entire skeletons, of

ered, the most

important

rodapedon,

and

while

various

the
in

these

Triassic

system

the

It

by

from

Telerpeton,
is

one

have

that

abundant

been

two

or

Hype

noteworthy

no means

they

generally,

numbers

considerable

Britain

being

Rhynchosaurus.
are

and are

several have been discov

genera

forms

Permian,

Bones, and sometimes

well represented in Triassic rocks.
even

which

reptiles,

n

obtained

localities.

In

most prolific deposit for them is the pale sand.

stone of Elgin, in the north of Scotland, formerly believed
to be

Upper Old Red

remains chiefly in

the

Sandstone.
form

of

Telerpeton, described

well

larger

the

possibly

Besides

empty casts.

small lizard,
as

This rock contains the

Mantell

by

allied

form

the

in 1852, as

Hyperodapedon,

the sandstone has recently yielded a number of new forms
of

Anomodonts

those found in
ately referred
skilfully
of the

which
the

to.

worked

Geological

present

South
These

out and

a

African
skulls

curious

deposit to

and

skeletons

described by

Survey.'

resemblance to

One of

be

immedi

have

been

Mr. E. T. Newton

them, Gordonia,

was

nearly allied to Dicynod.on (Owen), Geikia was closely re
lated

to

Ptychognathus,

while Elginia

was

a

remarkable

to Pareiasaurus (0 wen).
many-horned animal distantly allied
The South African formation, to which allusion has been
Phil. Trans. 1893.
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beds,"

south

of

which,

the

extending

continent,

have

furnished an interesting assemblage of vertebrate remains.
these

Among

there

occur

Labyrinthodonts

(Micropholis,

Petrophryne, S aurosternon), Anomodonts (Tapinocep halus,
Pareiasaurus,
to

belonging
donts,
those

Anthodon),
a remarkable

distinguished
of

and.

by

carnivorous

a

number of genera

large

carnivorous order, the
three

having

mammals

sets

(Lycosaurus,

nodonts, characterized by having

no

task-like

probably

a

the

horny beak.

developed.,

teeth,

like

Tigrisu.chus,

There were likewise examples of Dicy

Cynodracon, etc.).

pair,

of

Therio

jaws

The

being

limbs

of

these

teeth,

and. the animals probably

(Dicynodon, Oudenodon, etc.).'

or by a single
into

prolonged

creatures
walked

were

well

on the

land

The earliest deinosaurs yet

known occur in this system (Thecodontosaurus, Teratosau
rus, Pa1aosaurus, Cladyodon, Plateosaurus [Zanclodon], Am
mosaurus, Anchisaurus, etc.)."
life

reptilian
mediate
and

presented

between

their size

those

and

These long-extinct types of

characters in
of

the

some

ostriches

unwieldiness gave

measure

and true

inter

reptiles,

them a resemblance

to the elephants and rhinoceroses of modern times.

They

appear to have walked mainly on their strong hind legs, the
print

of

their

hind

feet

occurring

in

among the red sandstones of Connecticut.

great

abundance

Many of them

had three bird-like toes, and left
footprints quite like those
S Owen'a
"Catalogue of Fossil Reptilia of South Africa," Brit. Museum,
186.
See on deinosaurs of the Trias, Huxley, Q. J. Geol. Soc. xxvi. 32. In the
year 18'r'?, a slab of the "Stubensandstein" near Stuttgart was obtained, in
which were twenty-four individuals of "a mailed bird-lizard," named Aètosau
ma, probably a deinosaur with lacertilian characters.
0. Fraas, Jahrb. Ver.
Nat, Würtemberg, xxxiii. 1817.
For the Triassic deinosaurs of Connecticut
see Marsh, Amer. Journ. Sd. xxxvii. 1889, P. 331; xlii. 1891, p. 26; xliii.
1892, p. 542; xlv. 1893, p. 169.
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four or even five toes, and attained

an enormous size, for a single footprint sometimes measures
twenty inches in length.
The ichthyosau.rs and plesiosaurs, which played so fore.
most a part in the reptilian life of Mesozoic time, had their
Triassic forerunners (Ichthyosaurus, N othosaurus, Simosau
Of

Neusticosaurus).

rus,

types of
in

tected

crocodiles,

the

Triassic

rocks.

Stagonolepis

mains

at

Elgin

remains

of

which

Phytosaurns

obtained in Germany, India,

been

the

the

an

earliest

been

have

to

belong

They

occurs among

while

were

grade

appeal' to have

generalized type, and
uted.

higher

de

extremely

widely distrib

other reptilian
has

(Belodon)

re

been

and North America.

it has been supposed that evidence of the existence of
Triassic
above

birds

is

referred to.

furnished

the

by

three-toed

But probably these

footprints

are mostly,

if not

of two pairs
entirely, the tracks of deinosaurs, the absence
of prints in each track being accounted for by the bird-like
habit of the animals in the use of their hind feet in walkOne of the most noteworthy facts in the palaeontology

ing.
of

the

Trias

is the occurrence in this

relics of mammalian life.
and

These consist of detached teeth

lower jaw-bones, referred

allied

system of the first

to

to the Myrmecobius, or

small

marsupial

Banded Ant-eater

animals
of

New

South Wales.

The European genus is Microlestes (ilypsi

prymnopsis).

In

the

Trias

of

North

Carolina

an

allied

form has been described under the name of Dromatherium.
§

2.

Local

Development

Britain.6--Triassic rocks occupy a large area

of

the

low

On the Crocodilian remains of the Elgi.n Sandstone see Huxley, Quart.
Journ. Geol. Soc. 1859; Mom. Geol. Surv. Monograph iii. 187.
6 See E. Hull, "Permian and Triassic Rocks of England," Geological Survey
Memoirs, 1869; FL B. Woodwurd, Geol. Mag. 1874, p. 385; "Geology of East
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plains in the centre of England, ranging thence northward
along the flanks of the Carboniferous tracts to Lancaster
Bay, and southward by the head of the Bristol Channel to
the southeast of Devonshire.
They have been arranged in
the following subdivisions:
Rhetic'

Upper Trias
or Keuper

LowerTrias
or Bunter
(1000 to
2000 feet)

( Peuarth beds.-Red, green, and gray mans, black shales, and
"White Lias "-20 feet or less up to ) 50 feet.
Upper Keuper or New Red Marl.-Red and gray shales and
mans, with beds of rock-salt and gypsum-800 to 3000 feet.
Lower Keuper Sandstone.-Thinly laminated micaceous sand
stones and mans (waterstones), passing downward into white,
brown, or reddish sandstones, with a base of conglomerate or
breccia-150 to 250 feet.
f Upper Mottled Sandstone.-Soft bright red and variegated sand
stones, without pebbles-200 to 100 feet.
Pebble-beds.-Harder
reddish-brown sandstones with quartzose
I
"
into
pebbles, passing
conglomerate; with a base of calcareous
beccia-60 to more than 1000 feet.
Lower Mottled Sands tone.-Soft bright red and variegated saud
stone, without pebbles-80 to 650 feet.
i,

Like the Permian red rocks below, the sandstones and
mans of the Triassic series are almost barren of organic
remains.
Extraordinary differences in the development of
their several members occur, even within the limited area

of England, as may be seen from the subjoined table, which
shows the variations in thickness from northwest to south
east:
Lancashire
and W.
Cheshire.
Red marl
Keuper 3 Lower
Keuper sandstone
mottled
sandstone
Upper
Bunter
Pebble-beds
Lower mottled sandstone

Feet
3000
450
500
500-750
200-500

Leicestershire
Staffordshire and Warwick
shire
Feet
800
200
50-200
100-300
0-100

Feet
100
150
absent
0-100
absent

Somerset and Bristol Coal-fields," Mem. Geol. Survey, 1816; Ussher, Q. J.
Geol. Soc. xxxii. 367; xxxiv. 469; Geol. Mag. 1875, p. 163; Proc. Somerset. Arch.
Nat. list. Soc. xxxv. 1889; Etheridge, Q. 3. Geol. Soc. xxvi. 174; A. Irving,
Geol. Mag. 1874, p. 314; 1881, p. 309; Quart. Journ. Geol. Soc. 1888, p. 149;
W. T. Aveline, op. cit. 1877, p. 380; 3. C-. Goodehuld, Trans. Cumberl. West
morel. Assoc. xviL 1891-92.
I The term "Rhtic" is derived from the Rhetian
Alps, where the rocks
so named are well developed.
"Bunter" and "Keuper" are terms borrowed
from Germany; the first was taken by Werner from the variegated (German,
bunt) colors of the strata, the second is a local miner's term.
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observe that, while toward the northwest the
Triassic rocks attain a maximum depth of 5200 feet, they
that thickness as
rapidly come down to a fifth or sixth of
Southwestward, however,
they pass toward the southeast.
to probably not less
they swell out in Devon and Somerset
than 2500 or 3000 feet."
Recent borings in the southeastern
The
counties show the Trias to be there generally absent.'
main source of supply of the sediment which formed the
material of the Triassic
deposits probably lay toward
the north or northwest.
The pebble-beds, besides local
materials, contain abundant rolled pebbles of quartz, which
have evidently been derived from some previous conglom
erate, probably from some of the Old Red Sandstone masses
The Trias rests with a more
now removed or concealed.
Hence we

or less decided unconformability on the rocks underneath
it, so that, although the general physical conditions as re
gards climate, geography, and sedimentation, which pre
vailed in the Permian period, still continued, terrestrial
movements had, in the meanwhile, taken place, whereby
the Permian sediments were generally upraised and exposed
Hence the Trias rests now on Permian, now
on Carboniferous, and sometimes even on Cambrian rocks.
Moreover, the upper parts of the Triassic series overlap the
lower, so that the Keuper groups repose successively on
to denudation.

Permian and Carboniferous rocks.
The Bunter series is singularly devoid of organic re
mains.
The rolled
fragments in the pebble-beds have
the southern
yielded fossils at Bucileigh Salterton, on
proving that Silurian and Devonian
rocks were exposed within the area from which the materi
als of these strata were derived.
The peculiar quartzites of
the Budleigh Salterton pebbles do not seem to have come
from any British rocks now visible, but rather to have been
A marked charac
derived from the northwest of France."
teristic of the Bunter series in central England is its capac
ity for holding water, whence it is an important source of
coast of Devonshire,

water-supply.
At the base of the Keuper series, in the region of the

Ussher, Q. J. Geol. Soc. xxxii. 392.
Red strata in the deep boring at Richmond are believed by Prof. Judd to
be Triassic. Mr. Whitaker regards as Trias similar rocks found under Kentish
Town and Crossness near London.
10 For an account of their included fossils see Davidson, Pa1ontograph.
Soc. 1881.
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Mendip hills, a remarkable littoral breccia or conglomerate
Over Carboniferous Limestone it consists mainly of
occurs.
limestone, and is precisely like "hrockrarn" (p. 1402), but
in the slaty tracts of Devonshire, the fragments are of slate,
Its matrix being sometimes dolo
porphyry., granite, etc.
has
called
the Dolomitic conglomerate; but
mitio, it
been

it occasionally passes into a manesian limestone.
It rep
resents the shore deposits of the Trias salt-lake or inland
sea, and, as it lies on many successive horizons, we see that
the conditions for its formation persisted during the sub
sidence by which the Mendips and other land of this region
were gradually depressed and obliterated under the red
sandstones and mans (see Figs. 219, 220, 221).h1
The Dolo
mitic conglomerate averages 20 feet in thickness, but here

and there rises into cliffs 40 or 50 feet high.
It has yielded
two genera of deinosaurs (Palaosaurus, Thecodontosauru.s).'2
Some geologists have regarded this baud. of rock as an Eng
lish representative of the German Muschelkalk.
But the
manner in which it ascends along what was the margin of
the Triassic land shows it to be a local base occupying suc
cessive horizons in the red rocks.
There is no equivalent
of the Muschelkalk in Britain, unless the middle division of

the Devonshire Trias can be so regarded."
The lower Keuper group is composed of red and white
sandstones with occasional lenticular bands of coarser ma
terial, and like the
strata in the Bunter
corresponding
group, is generally unfossihterous, but has furnished many
The surfaces of the sandstone-beds
amphibian footprints.
are likewise impressed with rain-drops and are marked with
desiccation-cracks and ripple-marks, suggestive of flat shores
exposed to the air.

In. the upper K.euper group the sediments were generall
muddy and now appear as red and variegated mans wit
occasional partings of sandstone or bands of dolomite or
Among these strata are beds of rock-salt varying
gypsum.
The
from a few inches to more than 100 feet in thickness.

many character of the upper Keuper is a distinguishing
feature of the group from the south of Scotland to the south
of Devonshire, and from Antrim to the east of Yorkshire.
Throughout this wide area

cubical

casts of salt (chloride

11 De la Beche, Meni. Gaol.
Survey, i.
p. 240. H. B. Woodward, "Geology
East
Somerset
of
and Bristol Coal-fields, " Mem. Geol. Survey, 1876, p. 53.
12
Et1oridge, Q. J. Geol. Soc. xxvi. l'i4.
13 tksher,
op. cit. xxiv. p. 469.
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of sodium) are not infrequent, though this substance is only
workable at a few pLaces (Antrim, Cheshire, Middles.
The salt is chiefly obtained by dissolving the
brough'4).
material underground and pumping up the brine, very little
The r ek-salt as it occurs inter
being now actually mined.
calated in the niaris is a crystalline substance, usually tinged
yellow or red from intermixture of clay and peroxide of
iron, but is tolerably pure in the best
of the beds,
parts
where the proportion of chloride of sodium is as much as
98 per cent.
Through the bright red mans with which the
salt is interstratified there run thin seams of rock-salt, also
bands of gypsum, somewhat irregular in their mode of oc
currence, sometimes reaching a thickness of 40 feet and
upward.
The paucity of organic remains in the English
Keuper
indicates that the conditions for at least animal life must
have been extremely unfavorable in the waters of the
ancient Dead Sea wherein these red rocks were accumu
lated.
The land possessed a vegetation which, from the

fragments yet known, seems to have consisted in large
measure of cypress-like coniferous trees
(\Toltzia, Waichia),
with calaniites on the lower more
The red
marshy grounds.
marl group contains in some of its layers numerous valves
of the little crustacean Estheria minuta, and a
solitary
A number of
species of lamellibranch, Pullastra arenicola.
teeth, spines, and sometimes entire skeletons of fish have
been obtained
(Dipteronotus cyphus, Paheoniscus superstes,
ilybodus Keuperi, Acroclu.s minimus, Sphenonchu.s mini.
mus, etc.).
The bones, and still more frequently the foot
of labyrinthodont and even of saurian
prints,
reptiles occur
in the Keuper beds-Labyrinthodon 4 species), Clad
Lloydii, ilyperodapedon, Paheosaurus, Zanclodon (Terato.
saurus), Thecodontosaurus, Rhynchonosaurus, and
footprints
of Cheirothenium.
The remains of the small marsupial
Microlestes have likewise been discovered in the highest
beds sometimes taken as the base of the Rliatic series.

At the top of the Keuper marl certain thin-bedded strata
form a gradation upward into the base of the Jurassic sys.
As their colors are gray, blue, and black, and contrast
tern.
with the red and green mans below, they were formerly

classed without hesitation in the Jurassic series.

'

Egerton,

P. Hugh Bell on salt deposits of Middlesbrougb, Proc Cleveland Inst.
Engin., Session 1882-83.
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however, showed that, from the character of the fih remains
found in the "bone-bed" of the black shales, they had more
paheontological affinity with the Trias than with the Lias.
Subsequent research, particularly among the Rhtian Alps

and

elsewhere

on the Continent,

brought to light a great
series of strata of intermediate characters between the pre
These results led to
viously recognized Trias and Lias.
renewed examination of the so-called beds of passage in
England (Penarth beds),"' which were found to be truly rep
resentative of the massive formations of the Tyrolese and
Swiss Alps.
tic
They. are therefore now known as B h
as
1
n
f
r
a-L
i
a s), and are usually classed as the
(sometimes

uppermost member of the Trias, but offering evidence of
the gradual approach of the physical geography and. charac
teristic fauna and flora of the Jurassic
period.
The Rhtic (Penarth) beds occur as a continuous
though
thin baud at the top of the Trias, throughout the Brit.
ish area.
They extend from the coast of Yorkshire across
England to Lyme Regis on the Dorsetshire shores."
They
occur in scattered patches up the west of England, and on
both sides of the Bristol Channel, and
they may be detected.
even in the north of Scotland.
Their thickness, on the
is
average,.
probably not more than 50 feet, though it rarely
increases to 150 feet.
In the southwest of England,
they
consist of the following subdivisions in
order:
descending
White

Lias-composed of an upper hard limestone
(Sun-bed or Jew-stone, 6 to 18 inches), with Modiola
minima and Ostrea liassica; and a lower
group of
pale limestones (10 to 20 feet) with the same fossils
and Cardium phillipianum
(rheticum), Mono las decus
sata.
The Cotham Stone or
Landscape Marble (4 to
8 inches) is a hard
compact limestone, with dendritic
at
the base of these calcareous strata.
markings, lying

'

So named from their being well developed in the cliffs of Penarth on the
Bristow, Brit. Assoc. 1864, sects. p. 50; Geol. Surv.
Glamorganshire coast.
Vertical Sections, sheets 47, 48.
10 Strickland, Proc. Geol. Soc. iii.
part ii. p. 585; H. W. Bristow, Geol. Mag.
i. 1864, p. 236; T. Wright, Quart. Journ. Geol. Soc. xvi.
p. 374; 0. Moore, op.
cit. xvi. p. 483; xxiii. p. 459; xxxvii. pp. 67, 459; W. B Dawkins, xx.
p. 396;
E. B. Tawney, xxii. p. 69; P. B. Brodie,
p. 93; F. M. Burton, xxiii. p. 315;
W. 3. Harrison, xxxii. p. 212; P. M. Duncan, xxiii.
p. 12; J. W. Davis, xxxvii.
p. 414; EL Wilson, xxxviii. p. 451; II. B. Woodward, "Geology of E. Somerset
and Bristol Coal4elds," Mom. Geol.
Survey, p. 69; Proc. Geol. Assoc. x.
1888.
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At Aust it has yielded elytra of Coleoptera, wings
of insects, and scales, and perfect specimens of the
fishes Legnonotus cothamensis, Pholidophorus Hug
ginsi.
Black paper-shales (10 to 15 feet), finely laminated and
and fibrous calcite ("beef")
pyritous, with selenite
and one or more seams of ferruginous and micaceous
sandstone (bone-bed) containing remains of fish and.

saurians.
Some of the shales yield Avicula (Cassia
nella) contorta, Cordiurn
phillipianum (rhticum),
Pecten valoniensis (= Avicula contorta zone).

Green and gray Marls (20 to 30 feet), with alabaster,
celestine, and. sometimes pseudomorphs of rock-salt;
unfossiliferous, but yielding Microlestes.
qenerally
"hese Mans form properly the top of the Trias, the
bone-bed above serving as a convenient base for the
Rhatic beds.

A bone-bed similar to that in the foregoing section reappears
on the same horizon in Hanover, Brunswick, and Franconia.
Among the reptilian fossils are some precursors of the great

forms which distinguished the Jurassic period (Ichthyosau.
ms and Plesiosaurus).
The fishes include Acrodus minimus,
Ceratodus altus (and. five other species), Hybodu
minor,
Nemacanthus monilifer, etc.
Some of the lamellibranchs

(Fig. 380) are specially characteristic; such are Cardium
hillipianum (rha-~ticum), Avicula (Cassianella) contorta,
ecten valoniensis, and Pullastra arenicola (Fig. 379).
Central Europe.-The Trias is one of the most compactly
distributed geological formations of Europe.
Its main area
extends as a great basin from Basel down to the plains of
Hanover, traversed along its centre by the course of the
Rhine, and stretching from the flanks of the old
high
grounds of Saxony and Bohemia on the east across the
Vosges Mountains into France, and. across the Moselle to
the flanks of the Ardennes.
This must have been a great
inland sea, out of which the llarz Mountains, and the
high
grounds of the Eifel, llonsdniick, and Taunus probably rose
as islands.
To the westward of it, the Palaozoic area of the
north of France and Belgium had been raised up into land."
Along the margin of this land, red conglomerates, sands
11 This land,
according to MM. CorneL and Briart, rose into peaks 16,000
to 20,000 feet high! Ann. Soc. Geol. Nord. iv.
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stones, and
were deposited, which now
clays
appear here
and there reposing
on
the older formations.
unconformably
Traces of what were probably other basins occur eastward
in the Carpathian district, in the west and southeast of
France, and over the eastern half of the
Spanish peninsula.
But these areas have been considerably obscured, sometimes
by dislocation and denudation, again by the overlap of more
recent accumulations.
In the region between Marseilles
and Nice, Triassic rocks cover a

considerable area.

They

6

Fig. 88O.-Rhetic Fossils.
a, Cai'dium philliplanum (rhaticum, Merian,); b, Avicu1 (Cassiane1la contorta,
Portlock; C, Pecten valoniensis, Defrance.
contain feeble representatives of the Grès
or Bunter
bigarr
beds, and of the Marnes irises or Kenper division,
separated
by a calcareous zone believed to be the equivalent of the
Musehelkalk of
Their highest platform, the
Germany.
Rhtic or Infra-Lias, contains a shell-bed
abounding in
Avicula contorta, and is traceable
throughout Provence.'8
In the great German Triassic basin" the
deposits are as
shown in the subjoined table:
8 Hbert, Bull. Soc. Geol. Prance
Dieulafait, Anne
(2e ser.) xix. p. 100.
ScL Geol. i. p. 337.
19 E. W eis, Zeitc1i. Deutach. Geol. Ges.
xxi. 1869, p. 837; C. W. Gumbel,
'Geognostische Beschreibung des Konigreichs Bayern," iii. 187, chap. xv.
F. Roemar, "Geologie von Oberschiesieu," 1870,
p. 122; E. W. Benecke,
"Ueber die Trias in Elsass-Lothringen und Luxemburg." Abh. Geol. Special:..
karte Elsass-Lotlir. 1. part iv. 1877; Ge Meyer, Mittheil. Corn, Geol. Landes-
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Rhetic (Rht, Infra-Lias).-Gray sandy clays and fine-grained sandstones,
containing Fquisetum, Aspleni tes and cycads (Zami tes, Pterophyllum),
sometimes forming thin seams of coal-Cardium phillipianum (rheti
euin), Avi cula (Cassianella) contorta, Estheria minuta, Not.hosaurus,
Trematosaurus, Belodon and Microlestes anti quus.

Keuperinergel, Gypskeuper.-Bright red, green and mottled mans, with
an underlying set of beds of gypsum and rock-salt.
In some places
where sandstones appear they contain numerou plants, Equisetum
columnare, Pterophyllum, etc., and labyrinthodont and fish remains2l*
-300 to 1000 feet.
Lettenkohie, Kohlenkeuper. -Gray sandstones and dark marls and clays,
with abundant plants, sometimes forming thin seams of an earthy
The plants in
hardly workable coal-Lettenkohle--about 230 feet.
clude, besides those above mentioned, the conifers Araucarioxylon
A few shells have been ob
thuringicum, Voltzia helerophylla, etc.
tained from this group, especially from a band of dolomite at its upper
limit, Lingula ten uissuna, Myophoria Goldfussi, M. transvorsa, Anoplo
phora, Gervillia. Some of the shales are crowded with small phyllopod
crustacea; Estheria minuta, also Bairdia.
Remains of fish"-Acrodus,
Hybodus, Ceratodus-and of the Mast odonsaurus Jageri and Nothosau
rus have been obtained.
Upper Limestone, capable of subdivision into two groups, a lower hard
encninite limestone (Ti'ochitenkalk) and an upper group of thin lime
stone with argillaceous partings, known as the Nodosus group from
the abundance of Ceratites nodosus-200 to 400 feet. In some regions
a third still higher group of dolomites and Jimestones is called the Tn
gouus group from the prevalence in it of Trigonodus Sandbergeri. The
upper Muscholkalk is by far the most abundantly fossiliferous division
of the German Trias. Among its fossils, Nautilus bidorsatus, Lima
striata, Myophoria vulgaris, Trigonodus Sandbergeri and Terebratula
vulganis are specially characteristic, with Encrinus liliiformis in the
lower and Ceratites nodosus in the upper part of the rock. Some parts
of the lower limestones are almost wholly made up of crinoid stems.
Middle Limestone and Anhydrite, consisting of dolomites with anhydrite,
gypsum and rock-salt. Nearly devoid of organic remains, though bones
and teeth of saurians have been found-200 to 400 feet.
Lower Limestone, Wellenkalk, consisting of limestones and dolomites,
Wellendolomite, with in the upper part bands of porous limestone
known as Schaumkalk-1t30 to 500 feet.
This zone is on the whole
poor in fossils, save in the limestone bands, some of which form a lower
zone full of Encrinus liliiformis, while a higher zone is characterized
The upper portion of the limestone, how
by Myophoria orbicularis.
ever, is highly fossiliferous, and has yielded a number of
brachiopods
(Spiriferina fragilis, S. liirsuta, Athyris trigon ella, Terebratula vul
garis, T. augusta), numerous lamellibranchs, especially the widespread
genus Myophoria, (M. vulgaris, elegans, cardissoides), Gervillia costata,
Monotis Alberti, and some ammonites (Beneckeia, Ceratites, etc.).

Untersuch. 1. part i. 1886; H. Bucking and E. Schumacher, op. cit. ii. part ii.
1889; E. W. Benecke and L. van Wervecke, op. cit. iii. part i. 1890; and the
Jahrbuch of the Prussian Geological Survey. Detailed measured sections of
the Muschelkalk and Lettenkohle in Franconia are given by F. v. Sandberger,
Verh. Phys. Med. Ges. Wurzburg, xxvi. 1892, No. 7. S. Passarge, "Das Roth
im östlichen Thüringien," Jena, 1891.
* For foot-notes see next
page.
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Upper (Röth).-Rod and green mans, with, gypsum in the lower par
and sometimes beds of rock-salt-250 to 300 feet.
Occasional banda
of dolomite, Rhizocorailium dolomite of Thuringia, yield a number o
fossils: Rhizocorallium jenense, probably a sponge, Myophorla eostata,
M. vulgaris, Gervillia socialis, Myacites mactroides, the Ammonite
The Myophonia is specially characteristic.
]3eneckeia tennis.
The
of
this
plants
stage consist chiefly of Voltzia, with ferns and horse
tails: Anomopteris, Equisetum.
Middle. -Coarse-grained sandstones, 1000 feet, sometimes incoherent,
with wayboards of Estheria-shale; amphibian footprints and remain
of labyrinthodonts.
Lower. -Fine reddish argillaceous false-bedded sandstone, Gras des Vosges,
several hundred feet thick, often micaceous and fissile, with occasional
interstratifleations of dolomite and of the many oolitic limestone called
"Rogenstein." Fossils extremely scarce; Esthonia minu ta occurs in
some layers.
The Bunter division, in the north and centre of Germany, lies con
formably on and passes insensibly into the Zeehstein. Except in the
dolomite beds. of the R61-h, it is usually barren of organic remains.
The plants already known include Equisetum arenaceum, one or two
ferns, and a few conifers, Albertin and Voltzia. The larnellibranch
Myophoria costata is found in the upper division all over Germany.
Numerous footprints occur on the sandstones, and the bones of laby
rinthodonts as well as of fish have been obtained.
In the Vosges, the Bunter (Grès bigarr, Vosgian con
sists of (1) a lower coarse red unfossiliferous sandstone (Grès
des Vosges) resting conformably on the red Permian sand-P.
stone and. marked by the frequent crystalline condition of
its quartz-grains (crystalline sandstone, p. 232); also by its
quartz-conglomerates, which occasionally reach a thickness,
of more than 1600 feet; (2) an upper series of red sand
stones, surmounted by mans, forming the Grés bigarr, and
containing anion other fossils Voltzia, Albertia, Equisetum,
arenaceum,

Myophoria, Nothosaurus Schimperi, Menodon
tiefitlis, 0dontosaurus Voltzii, Mastodonsaurus waslenensis.
he Muschelkalk in the same region is a compact
lime
gray
of
subdivision
into
three
zones,
stone capable
as in 0-er-

20* The Avicula contorta zone (see Dr. A. von Dittmar, "Die OontortaZone,"
Munich, 1864) ranges from the Carpathians to the north of Ireland and from
In northern and western Euroue, it forms
Swedi to the hills of Lonibardy.
part of a thin littoral or shallow-water formation, which over the region of the
Alps expands into a massive calcareous series, that accumulated in a deeper
It is well developed also in northern Italy.
and clearer sea.
See Stoppani,
et
dos
Couches
à
Avicula
Contorta
en
Lombardie,"
Paleontologie
"Geologic
1881.
Milan,
21 * It is
deserving of notice that while in the pelagic or Alpine facies of the
Trias fish remains are on the whole scarce, and only occur. in numbers at a few
places, they are widely distributed and tolerably abundant throughout the Ger
man Trias.
See 0. Jaekel, Abhancl. Geol. Specialkart. Elsasa-Lothr. iii. Heft
iv. 1889.
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many, while the Reaper (Marnes irisées) presents a char.
acteristic assemblage of bright red and
green mottled
argillaceous mans.
Scandinavia. 2'-Though fragmentary remains of the terres
trial flora that clothed the land which surrounded the Ger
man Triassic inland sea not infrequently occur, it is on the

north side of the basin that the most abundant traces have
been recovered of the vegetation of this period.
Above red
dish saliferous rocks, presumably Triassic, there come in
southern Sweden certain light gray and yellow strata, which,
from the occurrence of Avicula contorta and other fossils
in them, are assigned to the Rhotic stage, though possibly
their higher members may be Jurassic.
They attain in some
a
thickness of 500 to 800 feet, and cover about 250
places

square miles.
They have been divided into a lower fresh
water group, with workable coal-seams, but no marine fos
sils, and an upper marine group, with only poor coals, but
with numerous marine organisms (Ostrea, Pecten, Avicula,
In the
strata clay-ironstones occur, and
etc.).
coal-bearing
seams of fire-clay underlie the coals..
Nathorst and Lund
gren have brought to light 150 speces of plants from these
beds-a larger number than the whole of the Triassic flora
of other countries.
At Bjuf they include 36 species of ferns,
36 cycads, 15 conifers, and 1 monocotyledon.
The subjoined
grouping of the Swedish Triassic rocks has been given by
Lundgren:
Arieten-Lias.
Cardinia Lias.
Rhztic
Zone of Nilsonia polymorpha.
Younger
Pullasl;ra bed.
I Zone of Thaum.atopteris Schen1c.
Rhatie
"
1 Zone of Eq?isetu7m gracile.
$ Zone of Lepidopteris Ottonis.
Older Rhtic .
Zone of Uamptopterzs spiralis.
Keu per.
Alpine Trias.24-In the western Alps, certain lustrous
schists, with gypsum, anhydrite, dolomite and rock-salt, lie
22

BeneckQ, Abhandl. Specialkarte Elsass"Lothringen, 1877; Lepsius, Z
Deutsch. Geol. Ges. 1875, p. 83.
23 See Hébert, Ann. Sci. Geol. 1869, No. 1; Bull. Soc. Geol. France
(2),
xxvii. 1870, p. 366; Memoirs of the Geological Survey of Sweden, especially
Nathorst "Om Floran Sk'ines Kolförande Bildningar," 1878, 1879; E. Erci
mann, "Beskrifning till Kartbladet Helsingborg," 1881, p. 42; G. Lindström,
op. cit. "Kartbladet Engelholm," 1880; also Nathorst, "Bidrag till Sverhes
fossila Flora," K. Vet. Akad. Handi. Stockholm, xiv. xvi.; Lundgreu, Geol.
Fören. Stockholm Färh. 1880.
14 See F. von. Richt.hofen, "Geoguostischo
Beschreibuug der Umgegeud

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
STRAT1IIRAPHICAL

GEOLOGY

1443

underneath the Jurassic series, and are referred to the Trias.
On the Italian side, they swell out to
great proportions,
a
of
thickness
more
than
13,000
feet
reaching
along the line
of the Mont Cenis Tunnel.
Traced through Piedmont, they
are found to play an important part in the structure of the
northern Apennines, where they contain the celebrated

statuary marbles of Oarrara (p. 1043).
They have under
in
these
tracts,
mountainous
extensive metamorphism,
gone,
the original shales or mans being
changed into lustrous
schists, and the limestones into crystalline marbles.
But
even in this altered condition Triassic fossils have been
found in them.

Already in Triassic time a notable distinction had been
established between the geographical conditions of the re
The
gions now marked by the eastern and western Alps.
line of division between the two areas may be said to coin
cide generally with that ancient line of N.i. and S.W. dis
turbance known as the "Rhine-Ticino fault."
To the west
the Triassic deposits point to varying conditions of
lagoons
and inland seas.
Eastward, however, the
corresponding de
attain
an
enormous
and
are now reco
posits
development,
nized. as presenting a record of the deeper water or
pelagic
conditions of the Priassio period.
As Mojsisovics has re
marked, what England
Palaeozoic formations in

and

North

America are for the
general, what Bohemia is for the
Silurian system, what the Jura Mountains are for the Juras
sic deposits, the eastern Alps are for the Trias.
Special
interest attaches to the Trias of the eastern Alps from the
great thickness of its limestones and their thoroughly marine
fauna, with a commingling of Paheozoic and Mesozoic types
intercalated between the Permian and. Jurassic systems.
It
would appear that during the deposition of these limestones
the central core of crystalline and Paheozoic rocks of the

von Prodazzo," etc. Gotha, 1860; Gumbel, "Geog. Beschreib. des Bayerisch.
Alpen," 1861; Stur, "Geologie der Steiermark," 1871; E. von Mojsisovics,
Jahrb. Geol. Reichsansta'lt, Vienna, 1869, 1874, 1875, 1880; Abhandl. Geol.
Reichsanstalt, vi. 1875, p. 82; Verhandi. Goal. Reichsanstah, 1866, 1875, 1879;
and "Dolomitriffe Südtirols und Veneliens," 1878; E. Süss, "Die Eutstehung
der Alpen," 1875; also memoirs by Von Hauer, Laube, Süss, Stache, Stur,
Toula, Biitner, and others in the Jahrb. Geol. Reichsanstalt; Von Hatier's
"Geologie," p. 358 et seq.; Miss M. Ogilvie, Quart. Jo'urn. Geol. Soc. xlix.
1893, p. 1. The fossils are described by Benocke, Goal. Pakoontol. Beitr. vol.
ii.; Mojeisovics, Abhandl. k. k. Geol. Reichsaust. vii. x.; Bit,trier, op. cit. vol.
xiv.; G. L. Laube, Denksch. Akad. Wien, xxiv.-xxx.; numerous other mem
oirs are cited by Mojsisovics in his "Dolomitriffe."
25 11 Die Dolomitri.ffe,"
p. 39.
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Alpine chain rose as an island that stretched from the Enga.
dine eastward into Austria.
North of this old insular tract
the Triassic strata are on the whole somewhat sandy, the ac
cumulation of limestone there having been frequently inter.
On the south side the
by inroads of sand or silt.
deposition of limestone and dolomite went on more continue
ously, though interfered with occasionally by submarine
volcanic eruptions.
Some of the dolomite masses may have
been coral-reefs; Mojsisovics even believes that in the con.
rupteci

glomeratic portions he can detect traces of the breaker. action
by which the reefs were ground down, while the thin mans
were deposited in lagoons, or in the inner channels between

the reefs and the land.
But it is specially deserving of
notice that corals were not the only agents in the accumu
lation of reef-like masses in this region.
Alike in the dolo
mites and. the massive limestones calcareous sea-a1ge occur
so abundantly as to show that they grew up into wide reefs,
which, judging from what is known of the distribution, of
such organisms at present, show that the Triassic sea in
these tracts did not exceed 200 fathoms in depth.
Though
organisms of higher grade are often associated with these
reef-building plants, they occur most frequently in the thin
bedded mans and shales at definite horizons in. the series of
strata.
Having regard to the lithology and paleontology of the
Alpine Tnias, Mojsisovics proposed some years ago to regard
the system in the eastern Alps as pointing to the existence of
two great marine "provinces."
The larger of these lay over

the sites of North and South Tyrol, Lombardy, and Carin
thia, and stretched far to the east.
To this area the able
Austrian investigator gave the name of the "Mediterranean
To the other, which occupied a limited tract on
province."
the northeast slopes of the Austrian Alps, extending from
the Salzkammergu.t into Hungary,. he gave the designation
of "Juvavian province" (from the old Roman name of Salz
burg).
Though the Triassic deposits of these two regions
were geologically contemporaneous, they inclose remarkably
different assemblages of organic remains, insomuch that the
palseont.ological zones which can be determined in the one
In no re
have not been found to hold good in the other.
spect; is this independence more strongly shown than in the
great contrast presented by the Ammonites of the two areas.
The Juvavian province has yielded a Triassic cephalopodous
fauna far outrivalling in variety and interest that of any
It was for a long time believed that the cephal.
other tract.
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opods were

quite distinct in the two regions, Phylloceras,
Didymites, Halorites, Tropites, Rhabdoceras, and Cochlo
ceras being regarded as the dominant and distinctive
genera
of the Juvavian province, while 'Lytoceras,
Sagaceras, and
were
Ptychites
equally characteristic of the Mediterranean
26
The
province.
progress of. research, however, has shown
that the so-called Juvavian province can no longer be
strictly
maintained, for the type of rocks and fossils on which it was
based have been found in the midst of the Mediterranean.
Nevertheless it remains true that the peculiar lithological
and pahoontological features, as well as the
complicated
structure, of the district of the Salzkammergut have
up to
the present time interposed very great difficulties in the
way
of the institution of any exact
between
the
Tri
comparison
assic succession in that area and in other
parts of the Alpine
The table on p. 1446, compiled from the results of
region.
the latest researches, shows the contrasted
grouping of the
Triassic formations on the two sides of the eastern
Alps, and
their distinction from those of the German inland sea, be
tween which and the Alpine basins there seem to have been
only occasional and brief intervals of connection."'
1.

B u n t e r.-The base of the Alpine Trias shades down
into the Permian formations (Bellerophon limestone, Grod.en
sandstone), and consists of the
of red sandy micaceous
group
shales known as the Werfen beds (from Werfen in the Salz
burg), which form a tolerably persistent horizon.
Among
the fossils in the
are
Naticella
costata,
Turbo
part
upper
rectecostatus, Trigonia costata, Monotis aurita, and the
ammonites Tirolites (0 eratites) cassianus, D almatin us idri
anus, D. muchianus, Trachyceras Licanum, Norites
CaI)ni
lensis.
Some of these organisms occur so
abundantly as
to form entire beds.
Corals, echinoderms, and brachiopods
In the lower part of the group
(except Lingula) are absent.
Monotis Clarai is especially abundant.
The presence here
26

Mojsisov!cs has recently modified his previously published opinions re
garding the order of the Triassic formations in the Salzkammergu, Sitzb. Akad.
Wien, 1892, p. 780.
The views of this observer, however, regarding the suc
cession of the strata are not everywhere accepted among the geologists of Aus
tria. For a recent critique on this subjeci see A. Bittner, Jahrb. k. k. Geol.
Reiehsanst. vol. xlii. 1892, p. 387.
2 In the
preparation of my account of the Alpine Trias I have been greatly
aided by Miss M. M. Ogilvie, whose intimate acquaintance with this geological
system in the eastern Alps is well shown in her paper already cited. The table
on next page has been entirely drawn up by her.

In the Southern Alps.

In the Northern Alps.
Oennan Trine.)

Ebetlc beds.

ecoruing
to .Moj
eIaovlcs.

" g
I.,

Upper or
Gypskeuper.
Lower Keuper
(Lettenkohie).

,
M

-. to
0
V

Upper and
Middle Lime.
stones.
Lower
Limestones
(WeUcokalk).
,

Roth horizon.
Middle and
Lower Bunt.__sandstones.

J

.i:00to
Z 00.

Alpine Foeall Zones.

Bavarian and North Tyrot

1. Megalodon. scutatus and
4vicula coutorta.
Dachetein Lime.
stone.
Kössen beds.
Turbo colitarjua and Main
Dolomite.
AvculaczUis.

8. Trachyceras aouotdes.
4. Tiucjceras aon.
, Trachyceras Archektus
and Haot4a Lommel;.
0. Trachyceras Curionii.
7. Ceratites frtnodosus.

Upper and Lower Austria.
Daohstein Limestone or
Kässen beds.

E
.90
0

Dachstein
Limestone or
Dolomite.

'

Wetterstein
Limestone.
ParLnach beds

4.9

.

Outtenstein
Limestone.

Esino Limestone.

U)
.

0

eratite.s binodos'us and
P3
Terebrattda mdgczris.
1
0. Myophorks costata and "Myophoria"beds or Reichenhall Limestone with
beds of salt, gypsum, '
TTQU8 C43UUlti.
Wepl'en beds.
8.

Dachstein Dolomite.
E

Torer RaIb
Raibi beds
beds. beds.
Raibi
(Gorno and Dossena beds Dolomite.
Fisch.
beds).
{ achiefer.

El
Reliling
Limestone.

Alps and S.

00

Partnacb beds.

V)

Alpine Muachelkalk.

Klssen beds
(Arzzarola beds).
Maui Dolomite.

fn
"41
Ostrea"
Opponitz
'c
Raibi
Limestone.
horizon.
E
beds. "Cardita crena.
Lunz Sandstone. _162-1 C;
{ ta" horizon.
2

Lombardy Alps.

"Ralobia" Sbales
or
Prezzo Limestones.
Miscbe1ka1k
(Re'coaro Lime
stone).
th
Werfeu beds.

"Erzuhrende1
Schi.
Dolo. Casstan
beds.
em
mit's of 1
DoloRaibl.
mite.
Wengen beds.
Buchensteln
beds.
Men.
Mnschelkalk
doa
(Virgioria Lime- Dolo.
stone).
mite.
( Campil
Werfen beds.( beds.
(Seiseds.

I For a comparison between the Trias of Gethiapy and that of the Alps, see WOhrmami, Jizhrb. k. k. Geol. Rechsanst 1889,
p. 181. . A useful summary will be
found in Fraaa' 'Scenerie der Alpen,' p. 140.

0
0

0
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of Trigonia costata, a characteristic form of the German
Roth, serves to mark the relation of the Werfen beds to the
Triassic series of the German area.
2.

M u s c h e 1 Ic a 1 k.-It is above the
position of the
Werfen beds that the Alpine Trias begins to manifest
great
lithological differences, not only in the two provinces on the
northern and southern sides of the Alps, but even within
the

confines of

each

The general character of
province.
these differences is expressed in the foregoing table.
Yet,
with some notable exceptions, the pa1ontologica1 zones can
be distinguished.
The lower Musehelkalk of the eastern

consists in its inferior portion of sedimentary deposits
Alps
which are largely argillaceous, while the upper
part is com
posed of limestones and dolomites arranged in lenticular
reef-like masses.
The lower argillaceous division varies
in its pahoontological character.
Moj sisovics distinguishes
three facies, the lowest in which iamellibranclas predomi
nate (Recoaro),

and

which

relation

to

shows a close lithological
the German Muschelkalk,

and
fol

Falooontologial
owed by one with brachiopods and land-plants, and that
by a third with cephalopods (Dont, Val Inferna and Brags).

The calcareous group sometimes resembles in lithological
character the German Wellenkalk, but in certain places it
assumes the aspect of reefs.
Among the most important

fossils of the Alpine Lower Musehelkalk some are common
to this stage in Germany, such as Spiriferina Mentzeli, S.
hirsuta, Rhynchonella securtata, Terebratula vulgaris, T.
Encrinus
augusta, Myophoria vulgaris, Pecten. discites,
But there remains a large
gracilis, Ceratites trinodosus.
number of
forms, especially the abundant ammo
peculiar
nites (Ptych ites, Trachyceras, numerous species, Ly toceras).
The Upper Musehelkalk is generally a dark gray to black
limestone, but sometimes (Salzkammergut) is red and like
a marble.
Among the typical fossils are Daonella Stun,
D. parthanensis, Orthoceras campanile, Nautilus Pichieri,

Ptychites gibbus, Arcestes Bramantei,
goeeras megalo
discus, Ceratites (Trachyceras) trinodosus, and other genera.
3. N o r ic Stage.-It was at the close of the deposi
tion of the Alpine Musehelkalk and the beginning of the
None stage that the two great biological provinces above
referred to were finally established.
The general grouping
the
of
formations in each- area and the striking difference
they present even within the same area are best understood
from the inspection of such a table as that given above.
On
the southern side of the Alps two groups in this stage have
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recognized: (1) the Buchenstein beds, consisting of
flaggy and nodular lirnestones, with hornstone concretions.
These strata have not yet been found in the northern Alps.
Among their fossils are Orthoceras Bockhi, Arcestes trom
been

pian us

and

Ptychites angus to-urn hilicatus,
Sageceras Zsigmondyi, Lytoceras, cf. wengenense, Trachy
ceras
Curionii,
T. Reitzi and other species, Spiriferina
Mentzeli, Daonella Tararnellii, and other species.
(2) The
other

species,

Wengen beds comprise all the strata lying between the
Buchenstein beds and the base of the St. Cassian group.
Their most important material consists of a dark sandstone
with shaly partings, derived chiefly from volcanic detritus.
In South Tyrol and in Carinthia sheets of lava and tuff lie
at the base of this group, and thicken out round the centres
of eruption.
With these interbeddeci igneous rocks are

associated bosses and dikes of augite-porphyry and mela
A characteristic feature of the Wengen beds is the
phyre.
great development of reefs formed by calcareous alge (Gyro
porella, including Diplopora), and built up into enormous
masses of limestone and dolomite with corals, large Naticas,
and Chemnitzias.
Among the characteristic fossils of the

Wengen beds are Trachyceras Archelaus, and numerous.
other species, Arcestes tridentinus, Pinacoceras daonicum,
Halobia Lommeli, with in some places remains of laud
plauts-Equisetites arenaceus, Calamites aren.aceus, Neu

ropteris several species, Sagenopteris, Pecopteris, Thiun
feldia, Pterophyllum, Teniopteris, Voltzia.
4. C a ri n t h i a U Stage.-The geographical
clistribu
tion of the two marine provinces lasted beyond the early
The separation between these areas
part of this stage.
gradually disappeared, and some of their peculiar ammo
nites began to migrate from the one territory to the other.
In the southern area Mojsisovics has noted three distinct
Carinthian groups: (1) the St. Cassian beds, consisting of
This
brownish calcareous mans, iimestones, and oolites.
has
been
celebrated
for
the
abun
group
long
astonishing
The Echinoderms
dance and variety of its organic remains.
Abundant also are the species
are particularly prominent.
of ilalobia (Daonella) (II. cassiana and II. Richthofeni).
Corals abound in the neighborhood of the dolomite-reels,
and the coral banks, like the beds of echinoderms, can be

The St. Cassian beds are
traced laterally into these reefs.
in' other parts of the Alps by fossiliferous lime
represented
stones (Marmolata and Esino limestones in South Tyrol and
Lombardy, Wetterstein limestone in North Tyrol) and nearly
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unfossiliferous dolomites (Schiern dolomite in South
Tyrol,
"Erzfuhrende Dolomit" of Oai'iuthia) of the "reef-type" of
Out of the large series of fossils the
Mojsisovics.
following
may be mentioued here-Trachyceras aon, species of Ar.
cestes, Lobites
Orthoceras, Nautilus, Bactrites, Gervi1lk,
angusta, Koninekina Leonardi, Rhynchonella semiplecta,
Encrinus ca.ssianus, Pentacrinas propinquus, Cidaris dor.
sata.
(2) The Raibi beds mark the close of the separation
of the two provinces, for they range from the one into the
other.
They consist of dark bituminous many strata, with
lenticu.lar beds and thick reef-like masses of limestone, and
Their fauna, dis
frequently with gypsum and rauchwacke.
tinuished by the large number of littoral lamellibranchs,
i ncTudes Trigon ia Kefersteini, Oai'dita G-uinbeli, Corbula
Rosthorni, Rabbi rugosa, Gerv-illia bipartita, Megalodus
carinthiacus, Ohemnitzia exirnia, Nautilus Wulfeni, Tra.
The Lunz sandstones, which belong. to
chyceras anoides.
this horizon have yielded numerous
land-plants comprising
many species of ?terophyllum and forms of EQuisetites,
Oalaniites, Neuropteris, Alethopteris, etc.
(3) The beds
comprising the zone of Avicula exilis and Turbo solitarius
show a return of the dolomitic condition of earlier parts of
the system.
These conditions had already set in during the
deposition of the Raibi beds, but they reached their full

development during the accumulation of the next group,
when masses of dolomite ranging up to nearly 4000 feet in
thickness were laid down.
This group of rocks, though
placed by Mojsisovics in the Oarinthian stage, is by other

authors considered to be Rhtic.
In North Tyrol it is
known as the Main Dolomite (Hauptdolomit, in the Salz
kamm¬'rgut as the lower part of the Dachstein limestone,
which forms an important feature in the scenery of the dis
trict.
These rocks everywhere present a great contrast to
the strata below them in their poverty of organic remains:
Some of their most prominent fossils are casts of Megalodus

(M'. Gumbeli, M. complanatus, M. Mojsvthi, etc.), and re
mains of calcareous alge L&yroporella).
The bituminous
Seefeld

beds of the North Tyrol have yielded many fishes
(Semionotus, Lepidotus, Pholidophorus) and remains of

plants.
Until recently, according to Mojsisovics, the order of
superposition of the rocks in the if allstadt area was mis
He now believes that the Hallstadt marble
interpreted.
does not form a continuous mass overlying the Ziambach
beds, but that the latter, instead of underlying the Ha1ltacIt

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1450

TEXT-BOOK

OF GEOLOGY

rock, actually lie within it.
He has grouped a section of
the Hallstadt series as a separate stage under the name of
".Juvavian."
It consists at the base of red and variegted
lenticu.lar seams of limestone with Sagenites Giebeli.
Then
follow red lenticular limestones with

gasteropods (zone of
Cladiscites ruber).
It is here that the Ziambach beds come
in with their Ohoristoceras Haueri.
They are succeeded

by gray limestone with Pinacoceras Metternichi, and this
by seams of limestone carrying Cyrtopleurites bicrenatus."
This whole series, comprising several pala3ontological zones,
is regarded by Mojsisovics as the equivalent in time of the
Main Dolomite.

Stage.-Two distinct fades of this stage
in
the eastern Alps, but the unity of the
developed
Ahe
whole region is shown by the presence
deposits over
of the characteristic Avicula contorta.
The Kossen beds
are a many, highly fossiliferous group of strata, marking
are

5.

B h

tic

probably the shallower water, while the upper Dachstein
limestone into which they merge may indicate the opener
sea.
Süss has distinguished a series of "facies" in this
group, the lowest (Swabian) marked by the preponderance

of lamellibranchs, the next (Carpathian) by the abundance
Plicatula intusstriata; the
of Terebratula gregaria and
Hauptlithodendrou-limestone-a thick mass of coral lime

stone;
the Kossen facies includes the dark brachiopod
limestones with shaly partings, while the Salzburg facies
is recognized by the prominence of its cephalopods (Ohoris
toceras Mars hi, iEgoceras planorboides).
The Kossen beds are most fully developed in the north
ern Alps more particularly in Bavarian and North Tyrol
thinning out toward Salzkamrnergut, while the dolomitic
facies of Dachstein limestone predominates in the southern
Alps, the fossiliferous manly facies only appearing in the
The occurrence of the fossiliferous Rhtic
Lombardy Alps.
beds in the Alps gave not only the first clew to the identity
in time of the Triassic beds in Alpine and extra-Alpine
regions, but it has proved of the greatest importance in
of the Triassic succession
tracing the zonal parallelism
As has been said, a great
within the Alps themselves.
thickness of wholly unfossiliferous dolomitic and gypsif
erous rock sometimes occurs in the western Alps, and it
would be impossible to assign a Triassic age to any part
of this series were it not for the presence of well-known
28

Mojisovics, Sitzb. Akad. Wien, 1892, p. '169.
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fossils in the beds immediately succeeding them.
Again, the same fossils give undoubted evidence of the
radazal submersion of the island of older crystalline and
"almozoic rock in the Triassic sea of the eastern Alps.

Rhetic

RhEetic fossils are found on the Radstadter Tauer and on
the Stubey Mountains in the central chain of the Alps.
The intrusive volcanic rocks of the celebrated districts
of Predazzo and Monzoni in South Tyrol are referred by
some authors to Lower, by others to Upper Triassic time.
At Predazzo there is a core of orthoclase porphyry and
tourmaline granite with an envelope of syenite, by which,,

among the now familiar phenomena of contact-metamor
phism, the Triassic limestones have been in places con
verted into marble.
Similar phenomena are presented at
Monzoni, where a central boss of augite-syenite, traversed

by veins of gabbro, melaphyre, etc., cuts across the Trias
sic strata (ante, p. 1001).
The Triassic rocks of the Alps have participated in the
great earth-movements to which this chain of mountains
owes its structure, and. they consequently present remark
able cases of dislocation, inversion, and even of metainorhism.
Thus the Triassic formations of the Radstadter
`auer in the Tyrol cannot be separated from the caic-mica
schist of that district, and Prof. Sass regards this schist as
an altered Triassic limestone."
Spitzbefgen.-Since the Alpine type. of the Trias has been
recognized as that of the open sea, t has been traced far
and wide over the Old World, northward into the Arctic
Circle, eastward across Asia to Australasia, and along the
In northern Siberia,
eastern borders of the Pacific Ocean.

at the mouth of the River Olenek, and in Spitzbergea,
Triassic strata have been found with a characteristic ma
rine fauna, including the following genera of cephalopods:
Dinarites, Ceratites, Sibirites, Prosp hingi tes,
Popanoceras,.
Monophyllites, Xenodiscus, Meekoceras, lElungarites, Pity.
chites, Pleuronautilus, Nautilus, and Atractites; also species
of Pseudomonotis, Oxytoma, Avic ala, Pecten, Gervillia,
Cardita, Lingula, Spiriferina, and
with remains of fish and reptiles

Rhynchonella,

(Acrodus
I.
Nordenskioldii).8°
Ichthyosaurus polaris,
2

together

spitzbergensis,

Anzeiger Akad. Wien, No. xxiv. 20th Nov. 1890.
° A. FL Nordeuskiöd, Geol.
Mag. 1876, p. 741; A. Bittner and A. Teller,
MOrn. Acad. St. Petersbourg, vol. xxxiii.; 1Lojsiovics, TerhanilL k. k. Geol.
Reiehsanst. 1886, No. 7.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1452

TEXT-BOOK OF

GEOLOGY

Asia.-The Trias has a wide extension in this continent.
In the old district of Mysia, Asia Minor, dark shales and
as
undoubted
Triassic
forms
such
limestones inclose
Strata with Ceratites
Arcestes, Nautilus, and Halobia.'
and Orthoceras occur in Beloochistan, and in the Salt
In northern Kashmir and western
Range of the Punjab.
a well-developed succession of Triassic formations
appears among the Himalayan ranges, sometimes exceeding
4000 feet in thickness.
It contains many of the same species
of fossils as occur in the Alpine Trias.
Some of its forms
Thibet

are

Ammonites

floridus,

A.

difflisus,

Ha]obia

Lommeli,

Monotis salinaria, Meo'alodus triqueter.
The researches of
Mr. Griesbach have Jded much to our materials for a com
parison between these Himalayan Triassic rocks and their
At the base of these formations
representatives in Europe.
in the Himalayan regions lies a group of strata, the Otoceras

beds, with a cephalopodan fauna poor in species but rich in
individuals (Xenodiscus, Meekoceras,
0 toceras, Prosphin
These are followed by another lower Trias member,
gites).
with a large assemblage of cephalopods resembling that of
the Ceratite beds of the Salt Range, which are regarded by
Waagen as homotaxial with the Bunter sandstone of Europe.
The horizon of the Muschelkalk is represented by rocks in

which there is a blending of the pa1aontological characters
of the Arctic and Mediterranean types of this formation.
Three upper Triassic groups have been recognized.
Of
these the lowest, consisting of black Daonella limestone,
contains forms of Arcestes, Entomoceras,
the middle contains small ammonites of the

and

Arpadites,
genera Sibirites,
Heraclites, and Halorites, while the highest group may be
compared with the zone of Tropites subbullatus, at the 'base
of the Carinthian stage of the eastern
The fresh
Alps."
water KarharMri beds, near the base of the G-ondwna series
of peninsular India, contain a Bunter
assemblage of plants,
Voltzia
and
Albertia
including
heterophylla
(near A. speci
osa);
also several oycads (Gloss ozamites, Zamia) and a num
ber of ferns Nenropteris, Gangamopteris,
G-lossopteris, Sage.
It
has
been
observed
that some of these
nopteris).
already
types, which were believed to be exclusively Mesozoic, oc"
cur in Australia associated with a Carboniferous Limestone
'
Neumayr, Sitzb. Akad. Wien, 1887.
U
Mojsisovics, Sitzb. Akad. Wien, ci. 1892, p. 372.
Medlicott and Blanford's "Geology of India," pp. xlvi. 114.
bach, Meni. Geol. Bury. India, vol. xxiii.

0. L. Grie.
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fauna (ante, p. 1389).
The Tilchir group contains bowicler.
beds that may indicate glacial action in Triassic or Permian
The Damuda group, which comprises nearly all the
time.
coal-fields

of

the Indian peninsula, contains a remarkable
flora, distinguished by the abundance of ferns (Glossopteris,
Gangamopteris, Sagenopteris, Teniopteris, etc., and by its
!'he Panchet
mingled Palozoic and Mesozoic characters.
group, crowning the lower Gondwna system, is composed
of sandstones with bands of red clay, the whole having a
thickness of 1800 feet, and yielding the Rhtic ferns Pecop.
tens coneinna and Cyclopteris pachyrhachis, the Triassic
and Rhetic genus of horsetail Schizoneura; the labyrintho
clonts Gonioglyptus and Pachygonia, allied to Triassic forms,
together with Dicynodon, Epicampoclon, etc."'

Australia.-In New South Wales a group of yellowish
white sandstones (Hawkesbury beds) about 1000 feet thick
lies unconformably upon the coal-bearing strata referred to
the Permian period. This group forms the picturesque cliffs
around

the coast

of Port Jackson, and

has

furnished the
building-stone for the principal public buildings in Sydney.
It has
a large number of plants (Phyllotheca, Sphe
yielded
nopteris, Neuropteris, Thinnfeldia-common, Odontoptenis,
Aleth.opteris, Macrotaniopteris, Podozamites, and Waichia);
also the fishes Paloniscus antipodeus, Myriolepis Oiarkei,
Oleithrolepis granulatus, and labyrinthodonts, but no marine
shells.

At Gosford, near the base of the Hawkesbury beds,
in a thin seam of gray shale, a large collection of fishes has
The animals seem to have lived in some
been obtained.
land-locked lake or estuary, and to have been killed in large
numbers by the sudden silting up of the water with coarse
sand and

gravel.
They belong to at least six genera, four
of which occur in the European Trias.
Of these four, two
Semionotus) are typically Triassic while
(Dictyope and
the third (Belonorhynchus) commonly ranges to the Lias,
and the fourth (Pholidophorus) is best developed in the
Jurassic system.

The fifth genus (Pristisomus) is new, but
scarcely higher in rank than Semionotus, while the sixth
has only been definitely recognized in the
(Oleithrolepis
Stromberg beds of South Africa, the age of which may be'
Triassic

or Lower Jurassic."

On

the

llawkesbury

sand-

"Geology ofIndia," p. 131.
85 A. S. Woodward, Main. Gaol. Surv. N. S. Wales,
Pa1aontology, No. 4,
1,890, p. 54.
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stones, perhaps uneonformably, lies a group of shales (Wia.
namatta beds) with abundant plants, chiefly ferns, sometimes
aggregated into thin seams of coal (Thinnfeldia, Odontop
tens, Pecopteris, Macroteniopteris, Phyllotheca, and Unio
These two groups of strata are with some
and Unionella).

hesitation referable to the Trias."

Sir J. Hector
groups a great thickness of strata divisible into three series.
tuff-like
(1) The Oreti series-a thick mass of green and gray
New

Zealand.-Under

the

name

of

Trias,

sandstones and breccias, with a remarkable conglomerate (50
to 400 feet thick) containing bowiders of crystalline rocks
sometimes 5 feet in diameter, found both in the North and

South Islands; fossils, chiefly Permian and Triassic, but
with a Pentacrinus like a Jurassic species.
(2) Above these
beds lies the Wairoa series, containing Monotis salinaria,
Halobia Lommeli, etc., and also plants, as Dammara, Gloss
(3) The Otapiri series, which, from
opteris, Zamites, etc.
the commingling of fossils nearly allied to Jurassic species
with others which are Triassic and some even Permian, and
from the presence of many forms identical with those of the
Rhtic formations of the Alps, is assigned to the Upper
Trias or Rhatic division."

Africa.-In South Africa the "Karoo beds" spread over a
wide area of country, consisting of nearly horizontal inco
herent sandy materials, from which the remarkable assem"
referred to
blage of amphibian and reptilian remains already
The similarity of the fossils in these
has been obtained.

rocks and in those which are assigned to the Triassic series
in India and Australia deserves to be specially remarked.

North America.-Rocks which are regarded as equivalent to
the European Trias cover a large area in North America.
On the Atlantic coast, they are found in Prince Edward
Island, New Brunswick, aiid Nova Scotia; in Connecticut,
New York, Pennsylvania, and North Carolina; in Honduras
and. along the chain of the Andes into Brazil and the Argen
tine Republic.
Spreading also over an enormous extent of
the Western Territories, they cross the Rocky Mountains into
California and British Columbia.
They consist mainly of
8

Wilkinson, "Notes on Geology of New South Wales," Sydney,
53.
0. Feistrnantel, Mein. Geol. Surv. N. S. Wales, Pa1onLology,
1882, p.
No. 3, 1890; R. Etheridge jun. op. cit. No. 1, 1888.
31 "Handbook of New Zealand," p. 33. F. W. Hutton, Quart. Journ. Geol.
Soc. 1885, p. 202.
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reI sandstones, passing sometimes into conglomerates, and.
often including shales and impure limestones.
But an im
distinction
be
drawn
between the system as de
portant
may
in
the
eastern
and
central
arts of the continent, on
veloped
the one hand, and along the Pacitic slope on the other.
In
the former wide region, the rocks, evidently laid down in in
land basins, like those of the same
period in central Europe,
are remarkably barren of organic remains.
Their fossil con
tents include remains of terrestrial vegetation, with foot.
prints and other traces of reptilian life, but with hardly any
indications of the presence of the sea.
This is the German
type of the system.
The fossil plants of the Triassic rocks in the
valley of
the Connecticut and New Jersey
present a general facies
like that of the European Triassic flora.
Among them are

horse-tails (Equisetum, Schizoneura), cycads (Pterophylluni
[some European species], Zamites, Otozamites, Sp henoza
mites, Nilssonia polymorpha, Dioonites), ferns
(Pecopteris,
Neuropteris, Teniopteris, Clathropteris) and conifers (Chei.
In Virginia, where two distinct Mesozoic floras
ro1epis."
have been preserved, the older appears to be not more an
cient than the Rhatic stage.
So abundant is the vegetable
matter in the sandy strata of the series as to form seams of
workable

coal,

one

of

which is

sometimes 26 feet thick.
The plants include species of Equisetum, Schizoneura,
M acrotniopteris,
Acrostichites,
Cladophiebis,
Lonchop
tens, Olathropteris,
Pterophyllum, Otenophyllum, Podo
zarnites, Cycadites, Zamiostrobus, Baiera,
Cheirolepis, etc.
in
North
Carolina
a
formation
occurs
Again
coal-bearing
with a similar flora, 41 per cent of the plants being also
found in Virginia."

The fauna of the North American Triassic rocks is re
markable chiefly for the number and variety of its verte
The labyrinthodonts are
brates.
represented by footprints,
from which upward of fifty species have been described..
Saurian footprints have likewise been recognized; in a few
cases their bones also have been found.
Some of the verte
brates had bird-like characteristics,
among others that of
three-toed hind feet, which
produced impressions exactly
like those of birds (p. 1432).
But, as already remarked, it
28 3, S.
Newberry, Monographs of U. S. Geol. Survey, vol. xvi. 1888, and
Amer. Journ. Sd. xxxvi. 1888, p. 342.
89 W. M. Fontaine,
Monogr. U. S. Geol. SUrV. vol. vi. 1883. The younger
Mesozoic flora of Virginia is probably Neocomian (postea, Sect. iii. § 1).
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is: by no means certain that what have been described as
"ornithichnites" were not really made by deinosaurs.
The
small

insectivorous

marsupial (Dromatheriu.m) above re
ferred to, found in the Trias of North Carolina, is the oldest
American mammal yet known.
On the Pacific slope, however, a very different develop
ment of the Trias occurs.
The Alpine or pelagic type of
the system is here seen.
The strata are estimated to attain

a thickness of sometimes as much as 14,000 or 15,000 feet,
Like the Alpine formations, they include a mingling of such
Palozoic genera as Spirifer, Orthoceras, and G-oniatites,

with characteristically Secondary forms as ammonites (Oera
tites, Haidingeri, Ammonites ausseanus, etc.) and bivalves of
the genera ilalobia, Monotis, Myophoria, etc.

Section ii.
This great series of
William

by

Smith

in

Jurassic

fossiliferous rocks, first recognized
the

geological

series

in

England,

received originally the name of "Oolitic" from the frequent
and

characteristic

oolitic

Lithological names being,

stones.

the term "Jurassic,"
and

structures

to

Switzerland
the

among

to

adopted

Jura

the

by

great

both

however,

and

now

its

lime.

objectionable,

the geologists

has

Lias

General

many of

of France

of

development

Mountains,

embrace
§ 1.

applied

of

been

the

rocks

universally

Oolites.

Characters

Jurassic rocks have been recognized over a large part of
But they do not present that general uniformity

the world.
of

lithological
The

systems.
England

character so

across

suite

of

France,

marked

rocks
and

among

changes
is

as

replaced

the
it

by

Pa1ozoic

passes
a

from

distinctly

different type in Northern Germany, and by another in the
If we trace the system further into the

Alps.
we find

it

presenting still another

Old World?

aspect in northwestern
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the

development

meagre representatives of
have again a facies of their

c1-Fig. 381.-Jurassic Ferns (Lower Oolite).
a, Spbenopteris trichomanoides Brongn. b, Tuiopteris major, LindI. and Hutt. (i);
c, Pecopteris dentata, Lindi. and Hutt. (nat. size and mag.); d, Phiebopteris
polypodioides, Brougn. (nat. size and mag.).
own.

Hence

no

generally applicable

petrographical char

acters can be assigned to this part of the geological record.
The f 10 r a of

the Jurassic

pe-a

4%"

nod, so far as known to us, was es
sentially

The

gymnosperrnous.4°

Palaeozoic forms of vegetation trace.
able

up

to

the

close

of

the

Per.

mian system are here absent.
Equi
setums,

so

common

in

the

Trias,

are still abundant, one of them
(E.
arenaceu.m) attaining
portions.

gigantic pro

Ferns likewise continue

plentiful, some of the chief genera
being

Alethopteris

1)
i1
Fig. 382.-Jurassic Fern-Tniop..
tens vittata, Brougn. (s).
Sphenopteris,

4° The entire known Jurassic flora of
Btain, up to the top of the Portland
Ian stage, comprises between 60 and 70 genera and about 200
species-doubt
less a mere fragment of the whole flora of the
period.
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Phiebopteris, Oleandridiam, and Tniopteris (Figs. 381, 382).
The cyeads (Fig. 383), however, are the dominant forms, in
species of Zamites, Pterophyllum, Anornozamies, N ilssonia
(P terozamites),

Diooni tes,

Glossozamites,

Otozamites,

i'aria),

Bennettites,

Zamiostrobus
11

Podozamites,
Cycadites,

Man tellia

Bucklandia

(Cycadites

(Oycadeostrobus),

S phenozamites,

and

Beania,

(Clath

Cycadoidea),

Cycadospadix,
1'

1iIII
Fig. 383.-Jurassic Cycads (Lower Oolites).
a, Williamsonia (Zamla) gigas, Carr (%); b. Otozamites lanceolatus, IAndI. and Hutt.
(u); c, Williamsonia hastula, Bean. (nat. size and mag.).
Williamsonia is by some botanists placed

Cycathnoearpus.

with the cycads, by others with the dicotyledons or with the
monocotyledons.

Conifers also are found in some numbers,

particularly Arai.icariaus of the genera Pachyphyllum (Wa!
chia) and Araucaria; also Pinites, Peuce, Brachyphyllum,
and Thuyites.

This flora appears to have flourished luxuri

north as Spitzbergen, where the large num
antly even as far
ber of cycads gives an almost tropical aspect to the Jurassic
this Arctic island."
vegetation of
41 0. Heer, K.

vensk. Vet. Akad. Haudi. xiv. No. 5, p. i.
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The Jurassic f a u n a42 presents a far more varied aspect
than that of

any of the preceding systems.

Owing to the

intercalation of fresh-water, and sometimes even terrestrial,
deposits among the marine formations, traces of the life of
the lakes and rivers, as well as of the land itself, have been
to some extent embalmed, besides the
preponderant marine
forms.

The conditions of sedimentation have likewise been

favorable

for

the

preservation

phases of marine life.

of

a

succession

of

varied

Prof. Phillips

directed attention to

the remarkable ternary arrangement of

the English Jurassic

a,

6

ALI
l \

I

C

(T
I
-I I

. . I

p (

.

.

.

....... -

77

- -./.

Fig. 884.-Jurassic Corals (Middle Oollto).
a Isastra heliauthoides,Qoldf.; b, Montlivaitia dispar, Phil.; c, Comoseris
irradians, M. Edw.
series."

Argillaceous

arenaceous, and these

sediments

are

there

succeeded

by calcareous, after which

laceous once more recur.

the

by

argil

These changes are more or less

local in their occurrence, but five repetitions of the succes
sion are to be traced from the
of the Portlandian stage.
points

to

interrupted

of the Lias

top

to

the

top
Such an alternation of sediments

depression

of

the

sea-bottom."

It

permitted the growth and preservation of different kinds of
42 The total Jurassic fauna of Britain
up to the top of the Portlandian stage
was estimated in 1882 to include 450 genera and 4297 species, which is likewise
but a small proportion of the whole original fauna.
Etheridge, Q. J. Geol. Soc.
1882, Address
48
44 Ante,
"Geology of Oxfordshire," etc. p. 393.
p. 870.
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marine organisms in succession over the

same areas-at one

time sand-banks, followed by a growth of corals, with abun
dant sea-urchins and shells, and then byan inroad of fine
mud, which destroyed the corals, but
to

the

bottom,

the

abundant

in which, as

cephalopods

and

it sank

other mol

lusks of the time were admirably preserved.
characteristic

A

feature

of

the

Jurassic

fauna

is

the

air

a

Fig. 885.-Lias Crinoids.
a, Pentacrinus basaltiformis, (Joldf. (side view and end view of part of stem);
b, Extracrinus briareus, Mill. ().
abundance of its beds or banks of coral.

During the time

of the Corallian formation, in particular, the greater part of
Europe appears
sea.

Stretching

Yorkshire,

these

to

have

been

through
coral

submerged

England

beneath a coral

from

accumulations

Dorsetshire

have

been

to

traced

across the Continent from Normandy to the Mediterranean,
over

the east of

France, through the whole

length

of the

Jura Mountains, and along the flank of the Swabian Alps.
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The corals belonged to the genera Isastrtea, Tharnnastr8ea,
Thecosmilia,

Calarnophyllia,

Montlivaltia,

etc.

(Fig.

384).

In the Jurassic seas generally echinoderms were abundant,
particularly crinoids of the genera Pentacrinus,
(Fig. 885), and. Apiocrinus.

Among these

Extracrinus

the

multiplica

tion of identical or nearly identical
parts reaches a climax
in the .Extracrinus briareus, which is estimated to have
pos
sessed no fewer than

600,000 distinct ossicles.

likewise several forms

of

There were

star-fishes, but it is in the great

profusion of echinoids that the echinoderms now begin to
be

distinguished.

Cidaris

(Fig.

these

Among

the

ilemicidaris,

386),

Acrosalenia,

genera

Hemi.

Echinobrissus,
C

a
-Q_
"ii:

a_.

Fig. &7.-Oo1itic Brachiopods.
Fig. 38G.-Jurassic Urchiii.-Cidaris fioria, Rhynchonella spinosa, Schioth. (i), Lower Oolite; b, Tere"
bratula Philhpsll, Mor. (i), Lower Oolite; c, Rhyn
gemma Phil. ()
Corallian.
chonella pinguis, Rarni. Middle Oolite.
Pseudodiadema,

pedina,
were

conspicuous.

Polyzoa

dendroid types abound
system.

on

of

many

Alecto)

which have

and

Pygaster,
creeping,
horizons

They include some extinct forms,

(Diastopora,
time.

Olypeus,

survived

Pygurus

foliaceous
in

and

the Jurassic

but also some
to

the

present

They occur plentifully in the Pea-grit beds of the Li.

ferior Oolite near Cheltenham, and Forest Marble near Bath,
and still more abundantly near Metz and near Caen.45

The

brachiopods continue to decrease in importance compared to
the prominence they enjoyed in Paheozoic time.
4

F. D. Longe, Geol. Mag. 1881, p. 23.
back to Lower Silurian times.

So far as

The genus Alecto seems to range
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known, they are chiefly species of Rhynchonella and Tere
bratula (Fig. 887).

The last of the ancient group of Spin.

lens (Spirifenina) and. of the genus
Leptarna (Koninekella,
Fig.

888) disappear in the Lias, while Waidheimia,

living

now

genus,

takes

its

place.

Among

the

a still

lamelli

branchs (Figs. 389-392) some of the more abundant
genera
are

Avicula,

villia,

Pseudomonotis, Aucella,

Ostrea,

Astarte,

Grypha,

Cardinia,

Exogyra,

Oardium,

Posidonomya,

Lima,

Gresslya,

Pecten,

Germ

Pinna,

Hippopodium,

Mo

diola, Myacites, Cyprina, Isocardia,
Pholadomya, Goniomya,

Fig. 388.-Lias Brachiopods.
a1 Leptna (Koniuckdfla) Moorei Day. (nat. size and enlarged);
b1 Spiriferina Walcottü, Sby.
and. Tnigonia.

Some of these genera, particularly the tribe

of oysters, are specially characteristic:
ple, occurring in

such

numbers

GryphEea, for exam

in some of the Lias lime

stones as to suggest for these strata the name of
"Gryphite
Limestone," and again in the so-called "Gryphite Grit" of
the Inferior Oolite.

Different species of Trigonia,6 a genus

now restricted to the Australian seas, are likewise distinctive
of

horizons in

the middle and upper part of

the system.

Many of the most abundant gasteropods (Fig. 393) belong to
46 This
genus affords an instructive example of the remarkable changes of
form which some genera of shells have undergone. See Lycott's monograph
on Trigoni; Pa1ontograph. Soc.
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still living genera, as Pleurotomaria, Cerithium, and Natica.
But the most important element in the molluscan fauna was
undoubtedly supplied by the cephalopods.
P
a?

In Darticular,

[

.

Y

-

/

t1:

--' -

J,

e

'\
4

\ \

'

./,,
dl

'

Fig. 389.-LIa$sIc Lamefllbrancbs.
.t Oryph*a cymbluin, Lam. (i); b, Lima gigantea, Sby. (i); c, Grypha arcuata, Lam.
(Incurva, Sby. (9); ci, Hippopodlum ponderosum Sby. (i); e, Posidonomya
Brounil, Goldf. (nat. size); f, Nucula àammerl, Defr.
the tetrabranchiate tribes of Ammonites attained an extraordinary exuberance, both in number of individuals and in
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variety of form (see Figs. 405-409).

These organisms pos

sess a great importance to the geologist, for their limited ver
tical range makes them extremely valuable in marking suc
cessive life-zones.

The whole

Jurassic

system

has been

e
a

Fig. 890.-Lower OoIItlo Lamellibranchs.
a, Trigonla navis, Lam. (i); b, Mothola (Mytilus) sowerbyana, D'Orb.
divided
some

into

a

series

predominant

of

platforms,

species

ammonoid families which

or group

each
of

characterized

Ammonites.

The

had previously existed seem to

have in great measure died out, and a new
series

by

nd still richer

took their place at the close of the Triassic period.

a
Fig. 891.--MIddle Oolitio Lamellibranchs.
hastellata,
Schioth. (i); b, Trigonia clavellata, Syb. ().
a, Ostrea
The

old comprehensive

broken up

into

many

genus

Ammonites

families and

genera.

has
In

now

been

the

older

the genera Arietites, Egoceras,
part of the Jurassic system
.Amaltheus, Lytoceras, Phylloceras, and Stephanoceras are
characteristic.

Higher up, besides some of these genera, we
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Harpoceras, and. Aspidoceras, and in the

upper parts Perisphinctes and Oppellia.
division was likewise represented

The dibranchiate
of cuttle-fish

by species

(Teudopsis, Beloteuthis, Sepia, but particularly Belemnites,
Fig.

The Belemnites

394).

are

the

preponderating

type,

and, like the Ammonites, though in a less degree, their spe
cific forms serve to mark life-zones.
No

contrast

can

be

more

marked

than

between

the

Fig. 892.-Upper OoUtIo Lamelllbranchs.
a, Eogyra (Ostrea) virgula. D'Orb.; b, Ostrea deltoiclea, Sby. G); c, Astarte hart.
wellensis, Sby. (i); d, Cardium striatulum, Sby. (i); e, Trigonla gibbosa,
Sby. (i); f, Cardium dlssimile, Sby. (i).
crustacean
systems.
marked
tailed

fauna
The

of

the

ancient

by Phillips,

ten-footed

Jurassic

trilobites

are

lobsters

here
and

and
and

that

and

tives of our modern crabs (Eger, Eryon).4'
Here

and

there,

particularly

in

the

eurypterid,

replaced by
prawns,

of

tribes
of

of

older
as

re

long.

representa.

the Jurassic

series

of

England and Switzerland, thin bands occur containing the
remains of terrestrial insects (Fig.
395).

The neuropterous

' For an account of the Jurassic
decapods of North Germany see G. Krausa,
Zeitseli. Deutsch. Geol. Ges. 1891, p. 1ii,
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remains of

of

believed
it is

to

now

be

the

have

types (Ourculio

Slate

Stonesfield

oldest known

considered to

beetles

A wing (PalEeontina ooli

nid, E1aterido, Me1olonthida).
from the

and

grasshoppers.

numerous
familiar

belonging to still

tica) disinterred

and

cockroaches

remains

dragon-flies

was

originally

trace of a butterfly, but

to the hemiptera.

belong

A few

even as low down as
dipterous insects have been detected
the Lias toward the base of the system."'
In no department of the animal kingdom was the advent
LI
C

Fig. =.-Jurassic Gateropods.
a, Natica hulilana, Lye. (Lower Oolite); b, Nerita costuata, Desh. (Lower Oollte,
nat. size and mag.); C, Pleurotomaria reticulata, Sow. (Kinieridge clay, ).
of Mesozoic time more marked than among the fishes.
Paheozoic
out.

types, with

their heterocercal

The

tails, nearly died

The sharks and rays were well represented by species

of Acrodus and
numerous,

ilybodus, while the

mostly

homocercal

ganoids

genera,

such

chmodus, Mesodon, Gyrodus, Lepidotus,

appeared

in

as Dapedius,

Pholidophorus,

Pachychormus, Caturus, Leptolepis, Megalurus.49
The most impressive feature in the life of the Jurassic
period

was

the

abundance

and

variety

of

the

reptilian

48 A. C. Butler, Geol. Mag. x. 1873, p. 2; i. 2d ser. 1874, p. 446. Scudder,
Bull. U.S. Geol. Surv. No. 71, 1891, p. 175, and authorities there cited.
49 For a list of Liasslo fishes, see memoir by H. E. Sauvage, Ann. Sciences
Geol. Ti. 1875.
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remarked,

already

Reptiles," and.

it

was

has

been

especially dur

ing the Jurassic period that the maximum development of
reptilian types, with the final disappearance of the ancient
order of labyrinthodonts

and

the

rise

and growth of new

orders of reptiles which have long since been extinct, was
reached.

The

true

first

turtles seem to have

made

their

I

e.

4!.
Fig. M14.-Jurassic .Uelemnites.
a, Belemnites paxillosus, Schioth. (Lias. ); b, B. irregularis Schioth. (Lias and
Lower Oolite, nat. size); c, B. hastatus, Maim (Midàle Oolite, I).
appearance

during

lacertilians

have

crocodilian
rus,
in

been

Yorkshire

carnivorous

length,

and

is

and
Lias

such

The

and

by

fragments

bones

as Teleosaurus,

the

Stonesfield

measuring
Phillips

of

Steneosau

to

Slate,

about
have

of

various

found

Teleosaurus,

Goniopholis.

crocodile,

judged

Numerous

obtained.

genera occur,

Mystriosaurus,

the

true

this period.

18

been

was a
feet

in

in the
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of
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Ganges

the

extinct reptilian
that

of

more

venturing

the

types,

of
of

one
or

396,

(Fig.
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freely to

crocodile

enaliosaurs

Ichthyosaurus

OF

than

sea

the
the

Nile.
most

was

a

Of

the

long.

remarkable

One

sea-lizards.

a),

the gavial of

of

creature

was

these, the
a

with

fish'

like body, two pairs of strong swimming paddles, probably
a vertical

tail-fin, and. a

distinct

any

neck,

having a ring of

but

head

furnished

bony plates

to

joined

the body without

with

two

round the

teeth that had no distinct sockets.

eyes,

large

eyeball, and

with

Some of the skeletons

Fig. 395.-Insects, Purbeck Beds.
a, b, Wings of Neuropterous Insects (Corycla.lis) (nat. size and mag.); c, Carabu.
elongatus (nat. size and Inag. Brodie, "Foss. Insects," p1. II. and v.)
of this creature exceed 24 feet in length.

Contemporaneous

with it was the Plesiosaurus (Fig. 396, b), distinguished by
its

long

neck,

'size of its
sockets,
to

in species

larger

head, and

as in

have

the

the

haunted
with

the

ness of its
head.

the

its

insertion

shallow

the ages, to

paddles,

of

its

the

teeth

in

smaller
special

These creatures seem.

Liassic

seas,

have survived

and,

varying

till toward the

The genus Pliosaurus, related to

was distinguishable from

neck and the

Another

of

higher saurians.

close of Mesozoic time."
the last-named,

size

it by the shorts

proportionately large size of

extraordinary

reptilian

type

was

its

that of

5° On the distribution of the Plesiosaurs see a table by G. F. Whidborne,
Q. J. Geol. Soc. 1881, p. 480.

11

0

Fig. 896.-Jurassic Ena]iosaurs or Sea-lizards.
a, Ichthyosaurus conununis, Conyb. (restored by Conybeare and Cuvier); b, Plesiosaurus dolichodeirus, Conyb.
(restored by Conybeare).
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or flying

Mesozoic

reptiles,

time.

C)

These

likewise

winged,

bat-like

creatures had large heads,

teeth in

huge,

distinct sockets,
/

eyes

like the Ich

thyosaurus, one finger of each fore
foot

prolonged

for

the

to

a

great

of

purpose

length,

supporting

a

membrane for flight, and bones, like

fr);.

\

which were

those of birds, hollow and air-filled."
The

. )j

best-known

tylus

/ '------

genus,

PterodacFig.

(Seaphognathus,

397),

had a short tail and jaws furnished

Fig. 307.-Jurassic Pterosaur. from end to end with long teeth.
Scats
oCT1s)
Others were Dimorphodon, distin.
c
.
Oolite).
guished especially by long anterior
.ancI

short

hinder teeth

and

by the

Rhamphorhynchus (Figs. 398,

399,

of its tail, and

length
400,

401),

also possess

membrane, and having formi
ing a long tail, with a caudal
dable
These

jaws, which may have
strange

shuffle on

harpy-like

land, or perch

in search of their prey.

terminated in a horny

creatures

were

able

on rocks, perhaps

to

even

beak.
fly,

to

to

dive

The long slender teeth which some

of them possessed probably indicate that the creatures lived
of Mesozoic
on fish.
Lastly, the most colossal living beings
time, and, indeed, so far as we know, of any time, belonged
to the ancient order of Deinosaurs, which now attained their
maximum development.

In these animals, which appeared

51 See Marsh on wings of Pterodacyles, Amer. Journ. Sci. April, 1882. The
remarkable specimen of Rhamphorhynchus (R. Münsteri) from the Soleuhofen.
Slate, described by this author (Figs. 399, 400, 401), possessed a long tail, the
last sixteen short vertebne of which supported a peculiar caudal membrane
which, kept in an upright position by flexible spines, must have been an efficient
I am indebted to the kindinstrument for steering the flight of the creature.
illustrate
this structure.
three
which
for
the
figures
ness of Prof. Marsh
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ages, ordinary reptilian characters

were

united

to

others,

particularly

in the hinder part of the skeleton, like those of birds.
was during the Jurassic period
their

culmination

in

size,

that the Deinosaurs reached

variety,

and

abundance.

most important European Jurassic genera

are

affinities

from

are

the

Solerihofen

Limestone,

exhibited,

strikingly

as

it

The

Oompsogna

thus, Megalosaurus (Fig. 398), and Cetiosaurus.
sognathus,

It

In Comp

the

bird-like

possessed

a long

Fig. 308.-Jurassic Deinosaur and Pterosaur.
a, Megalosaurus Bucklaricil (Meyer), tooth (3d); b Megalosaurus, restoration of head,
after Owen (); c, Rhamphocephalus Buckiandi (Godf.), restoration after
Phillips (compare Fig. 401); d, Do. tooth (nat. size); e, Do. jaw ().
neck, small

head, and

long

have hopped or walked.

hind

The

limbs on

which it must

Megalosaurus of the Stones

field Slate is estimated to have had a length of 25 feet, and
to have weighed two or three tons.

It frequented the shores

of the lagoons, walking probably on its massive hind legs,
and feeding on the mollusks, fishes, and perhaps the small
mammals of the district.
saurus,
when

which,

standing,

according
a

height

Still more gigantic was the Oetio
to
of

Phillips,
not

less

probably
than 10

reached,

feet and a
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have been a marsh-loving

or river-side animal, living on the ferns, cycads, and coni
fers among which it dwelt.
But these monsters of the Old World were surpassed in

0
V
uo
-4
a)
a) "
4Z cn.
4-1

.
w 0
04
UI

I
Co

a)
4'0)

a)
Iall,
.0

0

dimensions by some discovered in
of

Colorado.

the Jurassic formations

Of these, Brotosaurus

its relatively short body, long

was

neck and

distinguished

by

tail, and remark-
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Its legs and feet were massive, with solid

bones, and made footprints each
measuring about a square
Its length is estimated at 50 feet or more, and
yard. in area.
its weight, when alive,

at more than 20 tons.

In habit it

was more or less amphibious,
probably feeding on aquatic.

Fig. 400.-Jurassic Pterosaur.
Rhamphorhynchus Munsteri, Golcif. Caudal extremity (nat. size).
plants or other succulent vegetation.

The small head and.

brain and slender neural cord indicate a
stupid, slow-moving
reptile."
Stegosaurus had a remarkably small skull with
short massive

jaws,

very

short,

powerful fore-limbs,

comparatively long and slender hind-limbs.

But its

with
most

Fig. 401.-Jurassic Pterosaur.
Rhamphorhynchus Munsteri (3), restored by Marsh.
singular character was

the

possession

of numerous dermal

spines, some of great size and power, and many bony plates
of various sizes and
shapes, some of them more than 3 feet
in diameter.

Thus armed as well as
protected, it must have
52 Marsh, Amer. Journ. Sci. xxvi. 1883,
p. 81.
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uncouth monsters that haunted the

Yet it was itself herbivorous, and ap

been more

or less

aquatic

in

habit."

But

the most colossal of all these forms, and, indeed, the most
gigantic

creature yet known, was

that

to

which Professor

Marsh has given the name of Atlantosaurus.

It was built

on so huge a scale that its femur alone is more than 8 feet

lv

Fig. 402.-Bird (ArchOpterlx macrura, Owen)-Solenhofen Limestone
(Middle Jurassic).
a, Tail and Tail-feathers (i); b, caudal vertebra-- (nat. size); c, foot
high, the corresponding
looking
The

that of a dwarf, when put beside this fossil.

like

whole

length of the animal is supposed to have been

not much short
more.
ever,

bone of the most gigantic elephant

of

100

feet, with a

Contemporaneous with these
there

existed

diminutive forms

in

Jurassic

having

such

heigrit

of

30

feet

or

huge creatures, how

time

strong

in

North

America

avian affinities that

53 Marsh,
op. cit. iii. 1880, p. 258.
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their separate bones cannot be distinguished from those of
birds.

Professor Marsh, who has brought these interesting

forms to light, regards them as having been in some cases
probably arboreal in habit, with possibly at
essential

difference from

absence of feathers.

54

the birds

first no

more

of their time than

the

The oldest known bird, Archeopteryx (Fig.
402), comes
from the Solenhofen Limestone in the Upper Jurassic series
-a rock which has been especially prolific in the fauna of
the Jurassic period.

This interesting organism, which was

rather smaller than a crow, united some of the characters of
reptiles with those of a true bird.
cave

vertebrae,

a

well-ossified

Thus it possessed bicon

broad

sternum,

and a

long

lizard-like tail, each vertebra of which bore a pair of quill.
feathers.

The

three

wing-fingers

were all

free

and

each

ended in a claw, and there appear to have been four toes to
each foot, as in most of our common birds.

The jaws car

ried true teeth, as in the toothed birds found in the Creta
ceous rocks of Kansas."'

Remains of birds have also been

obtained from the Upper Jurassic rocks (Atlantosaurus-beds)
of Wyoming Territory in Western America.

The best pre

served of these has been named by Marsh Laopteryx, which
he believes to have possessed teeth and biconcave vertebr.6
The most highly organized animals of which the remains
have been discovered in the Jurassic system are small mar.
54 For Prof. Marsh's
descriptions of Jurassic Deinosaurs see Amer. Journ.
Sd. xvi. 1878, p. 411; xvii. 1879, p. 86; xviii. 1880; xix. 1880, p. 253; xxi.
1881, p. 417; xxii. 1881, p. 340; xxiii. 1882, p. 81; xxvi. 1883, P. 81; xxvii.
1884, p. 161; xxxiv. 1887, p. 413; xxxvii. 1889, pp. 323, 331; =ix. 1890,
p. 415; xlii. 1891, P. 179; xliv. 1892, p. 347.
65 See Marsh, Amer. Journ. Sci. Nov. 1881,
p. 337; Geol. Mag. 1881, p.
485; Carl Vogt, Rev. Sd. Sept. 1819; Se&ey, Geol. Mag. 1881, pp. 300, 454;
W. Dames, Sitzb. Berlin Akad. xxxviii. 1882, p. 817; Geol. Mag. 1882, p. 566;
1884, p. 418.
66 Amer. Journ. Sd. xxi. 1881,
p. 341; also xxii. p. 331.
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Two horizons in England have furnished these in

teresting relics-the Stonesfield Slate and the Purbeck beds.
The Stonesfield Slate has yielded the remains of five genera
-Amphitylus, Amphilestes, and Phascolotherium (Fig. 403),
probably insectivorous,

the latter being related to the liv

ing American opossums;

Amphitherium,

resembling most

Fig. 403.-Marsupial from the Stonesfle!d Slate.
Phascolotherium Bucklandll, Broderip: a, teeth, magnified; b, jaw, nat. size.
closely

the

Australian

Myrmecobius;

and

Stereognathus,

which Owen was disposed to think was rather a
hoofed, and herbivorous form.

placental,

Higher up in the English

Jurassic series another interesting group of mammalian re
mains has

been

obtained from the

Purbeck beds,

whence

to
upward of twenty species have been exhumed belonging

-.-----.---,

a

'.j:':

Fig. 404.-Marsupials from the Purbeck Beds.
a, Jaw of Plagiaulax minor, Falconer (i); b, same, (flat, size); c, Molar (f),
d, Triconodon mordax (Triacanthodon serrula) Owen (nat. size).
eleven genera (Spalacoth erium,
Achyrodon,

Kurtodon,

Amblotherium,

Perarnu.s,

Stylodon,

Peralestes,

Bolodon,

Tn

conodon, Triacanthodon, Fig. 404), of which some appear to
have been insectivorous, with their closest living represen
tatives

among

the

Australian

phalangers

and

American

the Australian
opossums, while one, Plagiaulax, resembling

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
STRATIGRAPHIOAL
kangaroo-rats

(Hypsiprymnus),

been a carnivorous form.

is

GEOLOGY
held

by

1477

Owen

to

have

A still more varied and abun

dant assemblage of mammalian remains has been exhumed
from the Jurassic rocks of the western regions of the United
States (see Sect. ii. § 2).
GEOGRAPHICAL

DISTRIBUTION. -The

covers a vast area in
nants

of

Europe.

it occur in the

far

Jurassic

system

Beginning at the west, rem
north of Scotland.

It ranges

across England as a broad band from the coasts of Yorkshire
to those of Dorset.

Crossing the Channel, it encircles with

a great ring the Cretaceous and
Tertiary basin of the north
of France, whence it ranges on the one side southward down
the valleys of the Saone and Rhone, and on the other round
the

old crystalline nucleus of Auvergne to

nean.

Eastward,

it

sweeps

through

the

the Mediterra

Jura

Mountains

(whence its name is taken) up to the high grounds of Bohe
mia.

It forms part of the outer ridges of the
Alps on both.

sides, rises along the centre of the Apennines, and
appears
here and there over the
Covered by
Spanish peninsula.
more recent -formations, it underlies the
great plain of north
ern Germany, whence it ranges eastward and
occupies large
tracts in central and eastern Russia.

Some years ago, Neu

may; following up the early generalization of L

von Buch,

that three distinct
geographical regions of deposit,
marking diversities of climate, can be made out among the
Jurassic rocks of Europe."
(1) The Mediterranean pro-vshowed

57 See Falconer,
Q. J. Geol. Soc. xiii. 261; xviii. 348; Owen, "Monograph
of Mesozoic Mammals," Pa1tiontograph. Soc. 1811; "Extinct Mammal of Aus
tralia," 1877.
B
Neumayr, "Jura-Stuthen," Jabrb. Geol. Reichsanstal t, 1871, pp. 297,
451; Verhandi. Geol. Reichsanst. 1871, p. 165; 1872, p. 54; 1813, p. 288.
"Ueber climatische Zonen während dor Jura- und Kreidezeit," Denksch. Wien,
Akad. xlvii. 1883, p. 271.
"Die geographische Verbreitung der Juraformation," op. cit. 1. 1885, p. 57.In these memoirs the student will find much
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ince, embracing the Pyrenees, Alps, and Carpathians, with
all the tracts lying to the south.

One of the biological char

acters of this area was the great abundance of Ammonites
belonging to the groups of ileterophylli (Phylloceras) and
Fimbriati (Lytoceras), and the presence of forms of Terebra
tula of the family of T.

(2) The central

diphya (janitor).

European province, comprising the tracts to the north of the
Alpine

ridge,

including

France,

England,

and

Germany,

the Baltic countries, and marked by the comparative rarity
of the

Ammonites

just

mentioned, which

are replaced

by

others of the genera Aspidoceras and Oppellia, and by abun
dant reefs and masses of coral.
province,

(3) The boreal or Russian

comprising the middle and north of Russia, Pet

schora, Spitzbergen,

The life in this area

and Greenland.

was less varied than in the others; in particular, the widely
distributed species of Oppellia and Aspidoceras of the mid
dle-European province are absent, as well as large masses of
corals, showing that in Jurassic times there was a perceptible
diminution of temperature toward the north.
Neuinayr subsequently extended

these

three

provinces

into homoiozoic zones or belts stretching round the globe,
and showing the probable distribution

of

climate

during Jurassic and early Cretaceous times.

and

life

(1) The Boreal

Zone descends as far as lat. 46° in North America, whence
it bends northeastward, coming as high as lat. 63° in Scandi
navia; but then taking a remarkable bend toward the south
east across Russia, the Kirghiz Steppes and Turkestan
Tibet, about lat. 29° N. and long. 85° E.

into

This curious pro

section is explained by the fact that the fauna of the Jurasinteresting speculation regarding zoological distribution, organic progress and
vicissitudes of climate during the Jurassic and Neocomian periods.
The last
memoir contains two successive maps of Jurassic geography.
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Nepal,

though

peculiar,

has greater affinities with that of the boreal than with that
of more southern zones.

The boreal zone is divisible, as far

as yet known, into three provinces, the Arctic, Russian and
Himalayan.

The

(2)

North

Temperate

about lat. 33° in North America.
more precisely defined,

Zone

reaches

to

In Europe its limits are

it extends from Lisbon across the

Spanish table-land to the west end of the Pyrenees, thence
across the south of Prance and along the north side of the
to

Alps

the north end of the Carpathians, bending south

ward so as to keep to the north of the Black Sea and Cauca
sus,

and

then

southeastward

striking

chain,

where it

is

cut off

Boreal

Zone just mentioned.

nearly

In

into

by the
this

the

Himalaya

extension

of the

zone four provinces

have been recognized-the middle European, Caspian, Pun
jab and Californian.

(3) The Equatorial Zone extends south

ward to the southern' end of Peru, and does not include the
extreme

southern coasts

of

South

Africa

and

Australia,

which with the remaining part of South America lie in the
South

Temperate

Zone.

In

the

Equatorial Zone,

seven

provinces are more or less clearly defined: the Alpine, Medi
terranean,
bean

(?),

allowed

Crim-Caucasian,
and

four

Peruvian.
provinces:

Columbian,

Ethiopian,
The

the

South

Carib

Temperate Zone is

Chilean,

New

Zealand

(?),

Australian, and Cape.
By carefully collecting and collating

the evidence fur.

nished by the discovery of Jurassic rocks in all parts of the
world, Neumayr believed himself warranted to give a sketch
of

the probable geographical distribution of sea and

land.

during the Jurassic period, and even to reduce the data to
the form of maps.
the

existence of

He thought there was sufficient proof of
three

great oceans partly coincident with
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Ocean,

the

Pacific Ocean,

A central Mediterranean stretched

across the narrow part of the American continent, and trav
ersing what is now the North Atlantic, swept all over cen
tral and southern Europe,
and the north of Africa.
Russian
across

plain,

a

Sea,

It jOined the Arctic Ocean in the

various

arms

into

Asia,

central India stretched southward

Ocean.
and

sent

the present Mediterranean

to

and
the

passing

Antarctic

A long and wide branch extended between Africa
supposed mass of land connecting southern Africa,

Madagascar, and southern India.

The chief terrestrial areas

of the period, according to Neumayr, were the African-Bra
zilian continent, extending across the southern Atlantic; the
Chinese-Australian continent, extending from. the north of
China over the southeast of Asia to Tasmania and New Zea
land;

the Nearctic continent,

extending from southeastern

Greenland and Iceland across the North Atlantic to the Gulf
of Mexico;

the

Scandinavian island,

the European Archi

pelago, consisting of numerous insular tracts dotted over the
Jurassic sea from Ireland on the west to southern Russia on
the east;

the Turanian island, lying to the east of the Cas

pian; and the Ural island, on the site of the Ural Mountains,
But much of this geography rests on slender evidence.

One

of the most remarkable facts pointed out by Neumayr is the
exteut of

the overlap of

members of the system.
deposited

over

an

upper Jurassic rocks upon lower
He showed that the Lias was not

enormous

part

of

the

earth's

surface,

which nevertheless sank beneath the sea wherein later parts
of the Jurassic series were laid down.
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Development

Britain. 60-The stratigraphical succession of the Jurassic
rocks was first worked out in England by William Smith,
in whose hands it was made the foundation of stratigraphi
The names adopted by him for the subdivi
cal geology.
sions he traced across the country have passed into universal
use, and though some of them are uncouth English provin
cial names, they are as familiar to the geologists of other
countries as to those of England.
The Jurassic formations stretch across England in a vary
ing band from the mouth of the Tees to the coast of Dorset
shire.
They consist of sands, sandstones and limestones in
Hence they give
terstratified with softer clays and shales.
rise to a characteristic type of scenery-the more durable
and more porous beds standing out as long ridges, sometimes
even with low cliffs, while the clays underlie the level spaces
between.
Arranged in descending order, the following sub
divisions of the English Jurassic system are generally recog
nized:
Formationsi
or Series.
'4.
0 Pi

Groups or
Stages.

Purbeckian

"

4O 0
Por Liandian "
o.
Kimeridgian "
- 0 ..a
'd pq o
moo

Coralliao
Oxlordian

"

.

Maximum
thicknesses
Feet.
"
. 360

.

.

.

.

"

.

'TO
150
600

Coral Rag, Corallino Oolite, and Calcareous Grit

250

Oxford Clay and Kellaways Rock

600

Sub-groups or sub-stages.
Upper fresh-water beds
Middle marine beds
.
Lower fresh-water beds
Portland Stone
Portland Sands
"
Kimeridge Clay

.

.

19 For British Jurassic rocks the student's attention
may be specially called
to Phillips' "Geology of Oxford and the Thames Valley"; Tate and Blake's
"Yorkshire Lias"; Hud.leaton's "Yorkshire Oolites," in Geol. Mag. 1880-84,
and Proc. Geol. Assoc. vols. iii. to v.; Memoirs published by the Palsonto
graphical Society, particularly Morris and Lycett's "Mollusca from Great
Oolite"; Davidson's "Tertiary, Oolitic, and Liassic Brachiopoda"; Wright's
"Oolitie Echinodermata" and "Lias Ammonites"; Owen's "Mesozoic Rep
tiles"; "Mesozoic Mammals," "Wealden and Purbeck Reptiles"; Hudleston's
"British Jurassic Gasteropoda"; Buckman's "Inferior Oolite Ammonites."
The Memoirs of the Geological Survey comprise some important works on this
subject, such as Hull's "Geology of Cheltenham"; Judd's "Geology of Rut
land," etc.; H. B. Woodward's "Jurassic Rocks of England and Wales (York
shire excepted)"; 0. Fox-Strangway's "Jurassic Rocks of Yorkshire," etc.
Further information will be found in the Address by Mr. Etheridge, Q. J. Geol.
Soc. 1882; in Woodward's "Geology of England and Wales"; and in other
memoirs cited below. See also Oppol's "Juraformation England's Frankreichs
und. Deutsohiands," 186; Quenstedt's "Der Jura," 1858.
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Oornbrash. This forms a persistent band at the
top of the lower or variable (marine and esGreat or Bath
.
.
.
.
.
.
group
Oolite group
.
.
Bradford Clay and Forest Marble
.
.
Great or Bath Oolite, with Stonesfield Slate
.
.
.
.
Fuller's Earth Fuller's Earth
Chelteuhani beds (thick estuarine series of
.
Yorkshire, representing the whole succes
Inferior Oohte
.
sion up to the base of the Cornbrash) .
{ Northampton Sands ("Dogger" of Yorkshire) .
Mid.ford Sands (passage beds)
.
.
.
Lias
.
.
.
.
.
.
.
Upper
Marlstone
.
.
.
.
.
.
.
.
.
Lower Lias
.
.
.
.
.
.
.
.
.

25
160
130
150
270
160
400
350
900

Although these names appear in tabular order, as expres
sive of what is the predominant or normal succession of
strata, considerable differences occur when the rocks are
traced across the country, especially in the Lower Oolites.
Thus the Inferior Oolite consists of marine limestones and
mans in Gloucestershire, but chiefly of massive estuanine
These differences help
sandstones and shales in Yorkshire.
the geographical features of the
to bring before us some o
British area during the Jurassic period.
The LIAs43° consists of three stages or groups, well marked
In the Lower
by physical and pa1eontologica1 characters."
member,

numerous thin blue and brown limestones,

with

partings of dark shale, are surmounted by similar shales
The Middle Lias
with occasional nodular limestone bands.
consists of argillaceous and ferruginous limestones (Marl
In some
stone) with underlying micaceous sands and clays.
of the midland counties, but more especially in Yorkshire,
this subdivision is remarkable for containing a thick series
carbonate of iron (Ironstone series), which
of beds of
earthy
The
has been extensively worked in the Cleveland district.
Upper stage is composed of clays and shales with nodules of
limestone, surmounted by sandy deposits, which are perhaps
best classed with the Inferior Oolite.
In Yorkshire it con
sists of about 240 feet of gray and black shale, in the upper
part of which lies a dark band full of pyritous "doggers"
of jet, which are ex(ironstone concretions) and blocks
60 This word, now so familiar in geological literature, was adopted by Wil
liam Smith, who found it given by the Somerset quarrymen to the "layers" of
argillaceous limestone forming a part of the series of rocks to which the term
is now applied.
81 The English Lias is fully described by Mr. H. B. Woodward in his mono
graph in the Memoirs of the Geological Survey above cited.

41.margitus
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tracted for the manufacture of ornaments.
This jet appears
to have been originally water-logged fragments of coniferous
wood.
These three stages are subdivided into the
following
zones according to distinctive species of Ammonites, though
the zones are
lists :69

~-

1.4

f

)

C

5i

.08
w

not so definite in nature as in palonto1ogica1

4) . Zone of Ammonites
(Stephanoceras) Co m m u n is.
64
1.
(Harpoceras) a e r p e n t i ii u S.
2.

1 10.
9.
I
I
8
7.
I
6.
5.
i
.
I
i
3.
2.
1. 1.

"
"
66
"
"
"
"
"

resting conformably

s p i n a t u s.
(Amaltheus)
"

.

(Agoceras) H e n 1 ey i.
(Amaithous) I b e
(Agoceras) J am e a o n 1.
.
(Arietitos) r a r I co s t a t u a.
(Amaltheus) o x y no t U a.
o b t u a u a.
(Arietites)
"
Turneri.
"
Bucklandi.
a n g u 1 a t u a.
(.goceras)
"
planorbis.
on Avicula conlorta beds (p. 1438).

The

organic remains of the British Lias now include
nearly 300 genera and more than six times that number
of species
The plants comprise leaves and other remains
of cycads (Paheozamia, Otozamites), conifers (Pinites, Ola
thropteris, Peace), ferns (Alethopteris, etc.), and. mares'
tails (Equisetites).
These fossils serve to indicate the
gen
eral character of the flora, which seems now to have been
mainly cycadaceous and coniferous, and to have presented
a great contrast to the
lycopodiaceous vegetation of Palaeo
zoic times.
The occurrence of
land-plants dispersedly
throughout the English Lias shows also that the strata,
though chiefly marine, were deposited within such short
distance from shore, as to receive from time to time leaves,

62 0.
Fox-Strangwaye, Mom. Geol. Survey, "Scarborough and Whitby,"
1882, P. 21.
68
Wright on Liassic Ammonites, Pahontograph. Soc. and Q. J. Geol. Soc.
xvi. 374; 0. II. Day, op. cit. xix. p. 278;
Etheridge, op. cit. xxxviii. (Address),
As the zones are not generally defined
by lithological features they cannot be
satisfactorily mapped. On the maps of the Geological Survey the base of the
Middle Lias is perhaps not drawn
uniformly at one pakeontological horizon;
but it generally corresponds with the base of the
Margaritatus zone. See Judd.
"Geology of Rutland," pp. 45, 89.
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seeds, fruits, twigs, and stems from the land.
Further evi
dence in the same direction is supplied by the numerous

-

d

I .- Li A
,-ç.
1\ \\ff (.
5j,:L'; '5VJ.
- --f
1_-.---

SS
- cT

--

...SS. \
-, S
I

\

.'
"'.-AV
40&-Lower Me Ammonites.

a, Ammonites (Arletites) raricost.atus, Zeit. (i); b, A. (A.) obtusus, Sby. (i); c A. (A.
Bucklandi, Sby. (1); ci, A. (Amaitbeus) oxynotus, Quenst. (i); e, A. (.goceraa)
planorbis, Sby.; f, A. (.) angulatus, Setiloth. (i).
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insect remains, which have been obtained principally from
the Lower Lias.
These were, no doubt, blown off the land
and fell into shallow water, where they were preserved in

the silt on the bottom.
The Neuroptera are numerous, and.
include several species of Libellula. The coleopterous forms
comprise a number of herbivorous and lignivorous beetles
There were likewise representa
(Elater, Buprestites, etc.).
tives

of

the orthopterous, dipterous, and paheodietyopter
ous orders.
These relics of insect life are so abundant in
some of the calcareous bands that the latter are known as
insect-beds."
With them are associated remains of terres
trial plants, cyprids, and mollusks, sometimes marine, some

times apparently brackish-water.
The marine life of the
period has been abundantly preserved, so far at least as re
gards the comparatively shallow and juxta-littoral waters

in which the Liassic strata were accumulated."
Forami
nif era abounded on some of the sea-bottoms, the genera
Cristellaria, Dentalina, Marginulina, Frondicularia, Poly.

Cor
morphina, and Planularia being the more important.
als, though on the whole scarce, abound on some horizons
(Astroccirnia, T hecosmil ia, Isastrea, Moutlivaltia, Septastrea,
The crinoids were represented by thick growths of
etc.).
Extraerjnus and Pentacrjnus.
There were brittle-stars, star
fishes, and sea-urchins (Ophioglypha, Uraster, Luidia, Hemi

pedina, Cidaris, Acrosalenia-all generically distinct from
those of the Palaeozoic
The annelids were repre
periods.
sented by Serpula, Vermilia, and Ditrupa.
Among the crustacea, the more frequent known genera are Eryon (entirely
Liassie), GI ypha (from Lower Lias to Kimericige clay), and
The brachiopods are chiefly Rhynchonella, Wald
Eryma.
hemia, Spiriferina, Thecidium, and Terebratula.
Spirife
rrna is the last of the Spirifers, and with it are associated

the last forms of Leptna, of which five Liassic
species are
known from English localities
Of
the lamelli
(Fig. 888).
bran.chs a few of the most characteristic
genera are Pecten,
Lima, Avicula,
Gervillia,
Ostrea,
Plicatula, My
Gryphea,
tilus, Cardinia, Lecla,
Astarte,
Cypricardia,
Pleuromya, Hip.
and
popodium,
Pholadomya.
Gasteropods, though usually
rare in such muddy strata as the
greater part of the Lias,
Brodie, Proc. Geol. Soc. 1846, p. 14; Q. 3. Geol. Soc. v.
31; "History
of Fossil Insects," 1846. See Scudder, Bull. U. S. Geol.
Survey. No. 11, 1891,
pp. 98-236, for a list of all known Mesozoic insects, and references to t]io
authorities for the description of each species.
See B. Tate, "Census o[ Lias Marine Invertebrata," Geol.
Mag. viii. p. 4.
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occasionally occur, but most frequently in the calcareous
zones.
The chief genera are Cerithium, Turbo, Trochus,
Pleurotomaria, Chemnitzia, and Turritella. The cephalopods,
however, are the most abundant and. characteristic shells of
the

Lias; the family of the Ammonites numbers upward
of 300 species in the British Lias.
Many of these are the
same as those that have been found in the Jurassic series
of Germany, and they occupy on the whole the same rela
tive horizons, so that over central and western Europe it
has been

possible to group the Lias into the various zones
Of the genus Nautilus about
given in the table (p. 1482).
ten species have been found.
The dibranchiate cephalo
pods are represented by more than 60 species of the genus
Belemnites.
From the English Lias numerous species of fishes have
been obtained.
Some of these are known only by their
teeth. (Acrodus), others by both teeth and spines (Hybodus).

The ganoids are frequently found entire; Dapedius, Pholi
dophorus, Echmodus, Pachycormus, Eugnathus, and Lep
But undoubtedly the
tolepis are the most frequent genera.
most remarkable palontological feature in this group of
strata is the
The genera

number and

variety of its reptilian remains.
Plesiosaurus,
Ichthyosaurus,
Dimorphodon,
Scelidosaurus, Teleosaurus, and Steneosaurus have been
recovered, in some cases the entire skeleton having been
found with almost every bone still in place.
The two
genera first mentioned are especially frequent, and more
or

less

perfect skeletons of them. are to be seen in most
public museums.
The Lias extends continuously across England from the
mouth of the Tees to the coast of Dorsetshire.
It likewise
crosses into South Wales.
Interesting patches occur in

Shropshire and at Carlisle, far removed from the main
mass of the formation.
A considerable development of
the Lias stretches across the island of Skye, and skirts
adjoining tracts of the west of Scotland, where the shore.

line of the period is partly traceable; while small portions
of the lower division of the formation are exposed on the
In the
foreshore of the east of Sutherland, near Dunrobin.
north

also, the characteristic shales appear in
several places from under the Chalk escarpment.
The LOWER O0LITES lie conformably upon the
of
top
the Lias, with which they are connected by a general simi
larity of organic remains, and by about 45 species which
pass

of Ireland,

up

into

them

from

the

Lias.

In the southwest and
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centre of England
they chiefly consist of shelly marine
limestones, with clays and sandstones; but, traced north.

1..

...
I..

"I

'1

\

01

Fig. 406.-Middle and Lower Liaa Ammonites.

a, Ammonites (Amakheus) margaritatus, Mont. ());
h, A. (A.) spthatus, Brag. ();
c, A. (goceras Davoei, Sby. (h); d, A.
capricornus, Schloth. (3d); e, A.
Jamesoni, Sby. (s); I A. (.) bravispiria, Sby. (3d).
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Rutland,

and Lincolnshire, they
limestones, but a series of strata

indicative of deposit in the estuary of some river descend
ing from the north, for, instead of the abundant cephalopods
of the truly marine and typical series, we meet with fresh
water genera such as Cyrena and Unio, estuarine or marine
forms

such

thick

and

as

Ostrea and

valuable

Modiola, thin

deposits

of

seams of lignite,
ironstone,
and remains
"A V.

'
:\\'\
:
L.

-

h

/rw

Fig.
407.-Upper Lias Ammonites.
a, Ammonites (Stephanoceras) communis, Sby. (s); b, A. (Lytoceras) jurensis, Zieten
(h); c, A. (Harpoceras) serpentinus, Reinecke (i); ci, A. (l'hylloceras)
heterophyllus, Sby. (i).
These indications of the proximity
terrestrial plants.
of land become still more marked in Yorkshire, where the
strata (800 feet thick) consist chiefly of sandstones, shales
of

with seams

of ironstone

containing marine
the Cornbrash, at

and coal, and occasional horizons
shells.
It is deserving of notice that

the top of the Lower Oolite in the
district,
though rarely 20 feet thick,
typical Wiltshire
the
from
runs across
Devonshire to Lincolnshire
country
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and Yorkshire.
Thus a distinctly defined series of beds of
an estuarine character is in the north
homotaxially repre
sentative of the marine formations of the southwest.
At
the

close

northern

of the

Lower

Oolitic

tract was submerged,
laid down across England.

period the estuary of the
and marine deposits were

The English Lower Oolites show considerable local varia
tion in their subdivisions.
They are typically developed in
the southwestern counties, but the limestones and
clays pass
laterally into sands.
The lowest group that of the M i U
1 o r d
a a
It con
s, is sometimes placed with the Lias.
sists of yellow micaceons sands, with some concretionary
sandstone and sandy limestone, and ranges from 25 to 200
feet in. thickness.
A ferruginous limestone at the to
con
tains

so

many Ammonites, Belemnites, and. Nautili, that
it has been called the
bed."
Two Ammonite
"Cephalopoda
zones ...may be recognized in this group, viz.:
Zone of Ammonites (Htirpoceras) op a I I n U s.
64
66
(Lytoceras) j u r ens is.

Among the other characteristic fossils are Ainmonites aaiensis, A. hircinus, A. radians, A. variabilis, Belerniiites COtUpress us, B. irregularis, Gresslya abducta, Trigonia formosa,
Gervillia llartmanni, Rhynchonella eyu.ocephala, B.
plica
tella, etc.
The I a f e r i o r 0 o lit e (Bajocian attains its maximum
development in the neighborhood of Cheltenham, where it
has a thickness of 264 feet, and consists of calcareous free
stone and. ragstone or grit.
It presents a tolerably
copious
suite of invertebrate remains, which resemble
generically
those of the Lias.
The corals include species of Isastrea,
Montlivaltia, and other genera.
The crinoid.s are repre.
seated by Pentacrinus; the star-fishes by species of Astro

pecten, Goniaster, Solaster, and Stellaster; the sea-urchins
by species of Acrosalenia, Cidaris, Hemipedina, Olypeus,
The predominance of Rhynchoneila and
Pygaster, etc.

Terebratula over the rest of the brachiopods become still
more marked.
Lima, Ostrea, Pecten, Pinna, Astarte, Gacula, Myacites, Mytilus, Pholadomya, Trigonia are the most
common
of lameilibranchs.
The gasteropods are
genera.
abundant, especally in the genera Pie u.rotomaria, Alaria,
Trochus, Turbo,
erinea, Cerithium, and Pseudomelania.
Ammonites, Nautili, and Belemnites are of
frequent occur-
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Pa1aontological1y the Inferior Oolite has been sub
divided into the following zones in descending order:"

rence.

Zone of Ammonites (Cosmoceras) P a r k i n s o n i (A.
subradiatus, Terebratula globata, Rhynehonella sub
tetrahedra, etc.).
Zone of Ammonites (Stephanoceras) h u mp h r i e s i a
n u s (A. B1agdeni A. Martinsii, Waidheimia can
nata, etc.).
Zone of Ammonites (ilarpoceras) M u r c h is o n a,
with sub-zone of A. Sowerbyi in upper part (A.
concavus, Terebratula
fimbria, T.
,
h
simplex, T. p
cata, etc.).

ci

Fig. 4O.-bower Ooilte Ammonites.
a, Ammonites (Steph&noceras) macrocephalus, Schioth. (1-3); b, A. (Cosnioceras) Par
kinsoni, Sby. (1-6); c, A. (Stephanoceras) humphriesianus Sby. (1-5); ci, A. (Har
poceras) Murchisone, Sby. (1.-8); e, A. (Harpoceras) opainus, Rein (1-2); f, A.
(Lytoceras) torulosus, Ziet. (1-3).
The component strata of the group are subject to great
The thick
variations in thickness and hithological character.
marine series of Cheltenham is reduced in a distance of 30
The limestones pass
or 40 miles to a thickness of a few feet.

into sandy strata, so that in parts of Northamptonshire the
whole of the formations between the Upper Lias Clay and.
66 On the Ammonites of these zones, see S. S. Buckman, Q. J. Geol. Soc.
1881, p. 588.
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the Great Oolite consist of sands with beds of ironstone,
The higher portions of
known as the Northampton Sand.
the sandy series contain estuarine shells ~byrena) and re
In Yorkshire the Great Oolite
mains of terrestrial plants.
series disappears (unless its upper part is represented by
the Upper Estuarme series of that district) while the In
ferior Oolites swell out into a great thickness and are corn
posed of the following subdivisions in descending order:"

0
S.
14
0
.3
0
14
0
"-4
14
41

Feet.
thick
Estuarine
series,
shales
and
sandstones
on
a
Upper
resting
200
sandstone (Moor Grit) .
.
.
.
.
.
more than
or
series,
of
calconsisting
Scarborough
Gray Limestone
gray
careous and siliceous bands with shaly partings (Belemu. gigan.
. 3-100
teus, Amm. humphriesianus, Amm. Blagdeni, etc.) .
Middle Estuarine series, chiefly shales with three or four beds of
sandstone full of plant-remains.
This is the chief coal-bearing
zone of the Lower Oolites.
A. few thin coal-seams occur, only
two of which have been found worth working; none of them
.
.
.
50-100
exceeds 18 inches or 2 feet in thickness
.
Millepore bed, a ferruginous or calcareous grit passing into a sandy
. 10-40
limestone (Ammonites Sowerbyi)
.
.
.
.
.
Lower Estuarine series, consisting of an upper group of falsebedded ferruginous sandstones with carbonaceous matter, separated by some ironstone bands from a lower group of carbonaceous shales and sandstones with thin coal-seams
.
.
300
sandstone
and
Dogger-ferruginous
sandy ironstone passing down
into the Jureusis-beds (Midford Sands) (Ceromya bajociana, Amm.
Murchisona3, A. aalensis, etc.)
40-95

A tolerably abundant fossil flora has been obtained from
these Yorkshire beds.
With the exception of a few littoral
all
fu.coids,
the plants are of terrestrial forms.
Among them
are more than 50 spcies of ferns
(Pecopteris, Sphenopteris,
Next
Phiebopteris, and Teniopteris being characteristic).
in abundance come the cycads, of which above 20 species

are known (Otozamites, Zamia, Pterophyllum, Oycadites).
Coniferous remains are not infrequent in the form of stems
or fragments of wood, as well as in occasional twigs with
attached leaves (Araucarites,
Brachyphyllum, Thuyites,
Pc u cc, Waichia, Oryptomerites, Taxites.
The F ix 11 e r' s E a r t h is an argillaceous
deposit which,
extending from Dorsetshire to the neighborhood of Bath and

67 Phillips'
"Geology of Yorkshire," Hudleston, Geol. Mag. 1880, p. 246;
1882, p. 146; Proc. Geol. Assoc. iii. iv. v.
0. Fox-Strangways, "Geology of
and
Mem.
Geol.
Surv.
The fullest account of
Scarborough
Whitby,"
1882.
the Jurassic rocks of Yorkshire will be found in the volumes by Mr. Fox
Strangways in the series on "The Jurassic Rocks of Britain," in the Memoirs
of the Geol. Survey, 1892.
-
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Cheltenham, attains a maximum depth of nearly 150 feet,
but dies out in Oxfordshire, and is absent in the eastern and
northeastern counties.
Among its more abundant fossils
are Ammonites subeontractus, Goniomya literata, Ostrea
acuminata, Rhynchonella varians, and Waldheimia ornitho
occur also in the Great and.
cephala; but most of its fossils
The conditions for marine life over the
InIerior 0-lite.
was laid down would
muddy bottom on which this deposit
Thus few gasteropods
appear to have been unfavorable.
The beds of economic
are known from the Fuller's Earth.
fuller's earth are worked at Midford and. Wellow near Bath;
their detergent properties are due to physical characters
rather than chemical composition.
e (Bathonian) consists, in Glouces.
The Great 0 o
tershire and Oxfordshire, of three sub-groups of strata;
limestones with sands,
(a) lower sub-group of thin-bedded
of
known as the Stonesfield Slate;
b) middle sub-group
often oolitic limestones,
shelly and yellow or cream-colored,
with partings of marl or clay-the Great Oolitic proper; (c)
lirnestones, including
upper sub-group of clays and shelly
These
the Bradford Clay, Forest Marble, and Oornbrash.
subdivisions, however, cease to be recognizable as the beds
The Bradford Clay of the upper sub.
Marble, so thick in
group soon disappears, and the Forest
Dorsetshire, thins away in the north and east of Oxford
shire, the horizon of the group being represented in Bed.
are traced eastward.

and Iincolnshire,
by the
Northamptonshire,
The Cornbrash,
"Great Oolite Clays" of that district.
however, is remarkably persistent, retaining on the whole
its lithological
and
palontological characters from. the
The
southwest of England to the borders of the Humber.
fordshire,

middle sub-group can be traced from
The lower subgroup,
Bradford-on-Avon to Lincolnshire.
inelu.thng the Stonesfielci Slate, is locally developed in parts
of Gloucestershire and Oxfordshire, and passes into the
Upper Estuariue series" of the Midland counties."
The fossils of the Stonesfield Slate are varied and of high
Among them are about a dozen species
geological interest.
of ferns, the genera Pecopteris, Sphenopteris, and Tniop
The cycads are chiefly
tens being still the prevalent forms.

liinestones

Yr,

of

the

With
ecies of Palwozamia, and the conifers of Thuyites.
ese drifted fragments of a terrestrial vegetation there occur
68 Judd's "Geology of Rutland," Mem. Geol. Surv.
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remains of beetles, dragon-flies, and other insects which had
been blown or washed off the land.
The waters were ten
anted by a few brachiopods (Rhynchonella concinna and
Terebratula), by larnellibranchs (ervi1lia acuta, Pholado

mya acuticosta, Lima, Ostrea gregaria, Peeten, Astarte, Mo
diola, Trigonia, etc.), by gasteropods (Natica, Nerita, Pa
tella, Trochus, etc.), by a few ammonites (A. gracilis) and
belemnites (B. fusiformis, B. bessinus), and by elasmobranch
and ganoid fishes, of which about 50 species are known
LOeratodus, Ganodus, Hybodus, Lepidotus, Pholidophorus,
The reptiles comprise representatives of
Pycnodus, etc.).
turtles, with species of Plesiosaurus, Cetiosaurus, Teleosau
rus,

But the most
Megalosaurus, and Rhamphocephalus.
important organic relics from this geological horizon are the
marsupial mammalia already referred to.
The fauna of the Great Oolite proper is distinguished,

among other characteristics, by the number and variety
of its corals (including the genera Isastrea, Cyathophora,
Thamnastra3a).
The echinoderms, which rank next to the

ammonites in stratigraphical value, are well represented.
Among the regular echinoids the most frequent forms are
Hemicidaris, Acrosalenia, Pseudodiadema, and Cidaris.
The
irregular echinoids are represented by species of Echinobris
sus, Clypeus, Pygurus, etc.; the asteroids by Astropecten and
Goniaster; the crinoids by Apiocrinus, Millericrinus, and
Pentacrinus. Polyzoa are abundant (Diastopora, Heteropora.
The brachiopods are represented by species of Terebratula,
Rhynchonella, Walciheimia, Terebratella, Crania, etc. Of the
whole British Jurassic lamellibranchs, numbering about 100
genera and nearly 1400 species, more than half the genera,
and about one-fifth of the species, are found in the Great
Oolite.
Ostrea,

Specially conspicuous are the genera Pecten, Lima,
Avicula, Astarte, Modiola, Pholadomya, Trigonia,
Cardium, Area, Tancredia.
The characteristic gasteropods
of the Great Oolite include Actonina, Nerinea, Nerita,

Purpuroidea, Brachytrema, Patella.
Species of ammonite
peculiar to the Great Oolite are Am. arbustigerus, A. dis
cus (passes to Cornbrash), A. gracilis, A. micromphalus, A.
morisea, A. subcontractus, and A. Waterhousei.
Charac
teristic likewise are Nautilus Baberi, N. clispansus, N. sub
contractas, Belernuites aripistillum, and B. bessinus.
Of
the fishes, the genera most abundant in
are Mesodon,
species
Ganod.us, Hybodus, and Strephodus, with Acrodus, Lepi
dotus, Pholidophorus, etc.
The reptilian remains include
the crocodilians Teleosaurus and Steneosaurus, Plesiosaurus,
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the pterosaur Rhamphocephalus, and the deinosaurs Mega.
losaurus, Oetiosaurus, and Cardiodon.
The Forest Marble varies greatly in thickness and litho

In the north of Dorsetshire it is estimated
logical character.
to be 450 feet thick, but it rapidly diminishes northward,
the limestone bands being usually not more than 30 feet

thick.
It lies sometimes on the Great Oolite, sometimes on
Its lower portion becomes a gray many
the Fuller's Earth.
clay near Bradford-on-Avon, about 10 feet thick, and this
argillaceous band has been separately designated the Brad.
ford Clay.
The Forest Marble contains a much diminished
fauna.
Among the forms peculiar to it are the echinoderms
Apiocninus elegaus,
Astropecten Huxleyi, A. Phillipsii,
Hemicidaris alpiua.
The Bradford Clay of Wiltshire has
loncr been well known for its pear-encrinites (Apiocrinus
Par9insoni), which are found at the bottom of the clay with
their base attached to the top of the Great Oolite limestone.
The Oornbrash (a name given by W. Smith) consists of
earthy limestones, which when freshly broken are blue and

compact, but which under the influence of the weather break
It varies from 5 to 40 feet in thick
up into rubbly material.
ness, yet in spite of this insignificant development it is one
of the most persistent bands in the English Jurassic system.
It is rich in echinoderms, Iamellibranchs, and gasteropods.
Among its common and characteristic species are Echino
brissus cinnicularis, ilolectypus depressus, Glyphea ros
trata,

Hippothoa Smithii, Hinnites gradus, Lima rigidula,
Ostrea flabelloides, Pecten vagans, Cardium latum, Leda

rostralis, Myacites uniformis, Trigoni a cassiope, Actonina
sear burgensis, Cenitella costata.
Its ammonites are A. dis
cus and A. macrocephalus, the last-named ranging up into
the Kellaways Rock and Oxford Clay-'g
The Great Oolite series in the northeast of Scotland consists mainly of sandstones and shakes, with some coal-seams
which were formerly worked at Brora in Sutherland.
In
Skye and Raasay the formation, consists of a very thick
estuarine series, with abundant oysters, Trigonias, Anomias,
Cyrenas, Hydrobrias, Cyprids, and remains of land-plants.

The MIDDLE or OXFORD O0LITEs are composed of two
distinct groups: (1) the Oxfordian, and (2) the Corallian.
(1) 0 x f o r d i a n, divisible into two sub-groups: (a) a
lower division of calcareous abundantly fossiliferous sand62

Etheridg, Q. 3. Geol. Soc. 1882, Addre8s, p. 202.
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stone, known, from a
in Wiltshire, as the
place
Kellaways
Rock (Callovian).
This rock-division, from 5 to more than
80 feet thick, may be traced from Wiltshire
through Bed
fordshire to Lincolnshire, and attains a considerable
impor
tance in Yorkshire.
It contains about 200
of
fossils,
species
of which one-third are found in lower
parts of the Jurassic
series, and nearly the same proportion
passes upward into
zones.
its
characteristic
forms are Avicula
higher
Among
inquiva1vis, Grypha bilobata, Lima notata, Ostrea arche.
typa, 0. striata, Anatina versicostata, Cardium subdissimile,
Corbis hevis, Lucina lyrata, Trigonia
complanata, T. pauci
costata, Alaria arsinoe, Cerithium abbreviatum, Pleuroto
maria arenosa.
The distinctive ammonite of this stage is
A. ealloviensis, which gives its name to a zone.
N umerous
a
C

Fig. 409.-Middle Oolite Ammonites.
a, Ammonites (Aspidoceras) perarmatus, Sby. (1-2); b, A. (Ainaitheus) Lamberti, Sby.;
c, A. (Cosmoceras) Jason, Zeit. (1-3); d, A. (Cosmoceras) calloviensis, Sby. (1-2).
other species of ammonites occur, including A. modiolaris,
A. gowerianus, A. auritulus, A. BakeriEe, A. Baugieri, A.
Eugenii, A. flexicostatus, A. fiuctuosus, A. goliathus, A.
lalandianas, A. Lonsdalie, A.
A. tatricus, A. Ver
planula,
noni; also Ancyloceras calloviense, Nautilus calloviensis,
and Belemnites Owenii.
(t) The Oxford Clay-so called from the name of the

county through which it passes in its course from the coast
of Dorsetshire to that of Yorkshire-consists mainly of lay
ers of stiff blue and brown clay, attaining a thickness of
from 300 to 600 feet.
From the nature of its material and
the conditions of its deposit, this rock is deficient in some
forms of life which were no doubt abundant in neighboring
areas of clearer water.
Thus there are no corals, hardly any
of
echinoderms, no polyzoa, and less than a dozen
species
o1
Some lamellibranchs are abundant,
species
brachiopods.
particularly Gryphaa dilatata and Ostrea (both forming
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wide oyster-beds), Lima, Avicula, Pecten, As
tarte, Trigoni a (clavellata, elon gata, irregularis), Nucula
(N. nuda, N. Phillipsii)-the whole having a great similar
ity to the assemblages in the clayey beds of the Lower Oolite.
sometimes

The gasteropods are not
o numerous as in the calcareous
The am
beds below, but belong mostly to the same genera.
monites, especially of the Ornati, Dentati, Flexuosi, and
Armati groups, are plentiful-A. cordatus, A. Duncani, A.
tug, A. ornatus,
Elizabeth
(Jason), A. Lamberti, A. oculxt
A. athieta being characteristic.
Two ammonite zones have
been determined in this part of the group, viz.:
Zone of Amm. cordatus (A. Lamberti, etc.)
64
46
Jason (A ornatus, A. athleta, etc.)
The beleninites, which also are common, include B. hastatus
(found all the way from Dorsetshire to Yorkshire) and B.

The fishes include the genera Aspidorhynchus,
The reptilian genera
ilyboclus, Ischyodus, and Lepidotus.
Icht hyosaur as, M urnosaurus, Plesiosaurus, and M egalosau
puzosianus.

ms have been noted.
(2) 0 o r a lii a n, traceable with local modifications from
the coast of Dorset to Yorkshire.
The name of this group
is derived from the numerous corals which it contains.
Ac
to
the
exhaustive researches of Messrs. Blake and
cording
fluclleston,7° this group when complete consists of
lowing subdivisions:
6. Supra-Oorallian beds-clays and grits, in
cluding the Upper Calcareous Grit of
Yorkshire, and the Sandsfoot clays and
grits of Weymouth.
5. Coral Rag, a rubbly limestone composed
mainly of masses of coral-sub-zone of
Old aris florigemma.
4. Coralline Oolite, a massive limestone in
Yorkshire, but dying out southward
and reappearing in the form of marl
and thin limestone.
3. Middle Calcareous Grit, probably peculiar
to Yorkshire.
. Lower or ilambleton Oolite, not certainly
recognized out of Yorkshire.
Lower
Calcareous Grit.
'.

Zone of Amn

''

66

the fol

plicatilis.

perarmatus.

The corals are found in their positions of growth, form.
ing massive coral-banks in Yorkshire (Thamnastra, Isas70 "On the Corallian Rocks of
England," Q. J. Geol. Soc. xxxiii. p. 260.
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tra, Thecosmilia, Rhabdophyllia [Fig. 384], etc.).
Numerous sea-urchins occur in many of the beds, particularly
Cidaris florigemma (Fig. 386,
also Pygurus, Pygastei,
Hemicidaris, etc.
Brachiopods are comparatively
The lamellibranchs are still largely represented by
infre-quent.
species

of

Avicula,

Lima,

Ostrea,

Pecten,

and

Grypha
(Ostrea oregaria being specially numerous).
Nearly all the
of
are
to
or
characteristic of the
species
gasteropods
peculiar
Corallian stage.
The distinctive ammonites are A. ancep.

salbus, A. bbeanus, A. Bergen, A. cadonensis, A. decipi
ens, A. rupellensis, A. plicatilis, A. perarmatus, A. pseudo
cordatus. A. retroflexus. A. Will iamsoni.
The UPPER or PORTLAND OoLI ['ES bring before us the
records of the closing epochs of the long Jurassic period in
England.
They are divisible into I hree groups: (1) Rime
i'idgian, at the base; (2) Port1andian and (3) Purbeckian.
(1) Kimenidgian, so named f om the clay at the base
of the Upper Oolites, well develope I at Kimeridge, on the
coast of Dorsctshire, whence it is traceable continuously,

save where covered by the Chalk, i to Yorkshire.
It con
sists of dark bluish-gray shale or cli y, which in Dorsetshire
is in part bituminous and can he buy ied.
According to Mr.
J. F. Blake it may be subdivided in ;o two
sub-groups:
(a) Upper Kimeridgian, consisting of paper-shales, bitu
minous shales, cement stone, and clays, character
ized by a comparative paucity of species of fossils
but an infinity of individuals; perhaps 650 feet thick
in I)orsets hire, but thinning
or disappearing in
away
the inland counties.
This zone is fairly comparable
with the "Virgulian sub-stage" of foreign authors.
(b) Lower Kiinenidgiau, blue or sandy clay with calcare
ous "doggers," representing the. "Astartian sub
This is the great re
stage" of foreign geologists.
pository of the fossils of this group.7'

Among the more common fossils are numerous forarnini
fern (Pulvulina pulehella, Robulina Miinsteri), also
Serpula
tetragona, Discina latissima, Exogyra virgula (Fig. 392), E.
nana, Astarte supracorallina,
Thracia depressa, Oorbula
De.shayesii, Cardiuna striatulu.m (Fig. 392).
Upward of 20
of
ammonite occur only in this
species
stage; among them
11 J" F. Blake, "On the
Kimeridge Clay of England," Q. 3. Geol. Soc. xxxi.
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are A. accipitris, A. alternans, A. Beaugrandi, A. flexuosus, A. Kapfii. A. lallerianus, A. mutabilis, A. Thurmanni,
A. triplex.
Among the belernnites are B. abbreviatus, B.
The Kimeridge
excentricus, B. explanatus, B. nitidus.
Clay
derives its chief pa1aonto1ogieal interest from the fact that it
has supplied the largest number of the Mesozoic genera and.
The
demo
species of reptiles yet found in Britain.
huge
saurs are wel[ represented by Bothriospondylus, Oetiosaurus,
Gigantosaurus,
Iguanodon (Oamptosaurus),
Oryptodraco,
the
Megalosaurus, Omosaurus;
pterosaurs by Pterodacty
his; the plesiosaurs by Plesiosaurus and Pliosaurus; the
ichthyosaurs by Ichthyosaurus and Ophthalmosaurus; chelo
nians by Enaliochelys and Pelobatochelys; and crocodilians
by Dakosaurus, Steneosaurus, and Teleosaurus.72
In the sea-cliffs of Speeton, Yorkshire, a thick group of

clays occurs, the lower part of which contains Kimeridgian
fossils, while the higher portions are unmistakably Creta
ceous.
Traces of a representative of the Kimeridge Clay,
and possibly of the Portlandian, above, are found even as
far north as the east coast of Oromarty and Sutherland, at
Eathie and llelmsclale.
(2) P o r t 1 a n di a n, so named from the Isle of Portland,

where it is typically developed.
This group, resting directly
on the Kimeridge Clay, consists of two divisions, the Port
land Sand and Portland Stone.
At Portland according to
Mr. J. F. Blake, it presents the
following succession of
beds in descending order:"

CO

0
44

Shell limestone (Roach), containing casts of Cerithium portlandicum (very
abundant), Sowerbya, Dukei, Buccinum naticoides, and casts of Trigonia.
"Whit-bed"-Oolitic Freestone, the well-known Portland stone (Ammo
nites giganteus).
"Ourf," another calcareous stone, Ostrea solitaria.
"Base-bed," a building stone like the whit-bed, but sometimes containing
irregular bands of flint.
Limestone, "Trigonia bed": Trigonia gibbosa, Fig. 392, Perna mytiloides.
Bed, 3 feet, consisting of solid flint in the upper and rubbly limestone in
the lower flat.
Band, 6 feet, containing numerous flints: Serpula gordialis, Ostrea multi
formis.
Thick series of layers of flints irregularly, spaced: Ammonites boloniensjs,
Trigonia gibbosa, T. incurva.
Shell-bed abounding in small oysters and serpula3: Ammonites pseudogigas,
A. triplex, Pleurotomaria rugata, P. Rozeti, Cardium dissimile, Fig. 392,
Trigonia gibbosa, T. incurva, Pleuromya tellina.
72

Etheridge, Q. J. Gaol. Soc. 1882, Address, p. 221.
Q. J. Geol. Soc. xxxvi. p. 189.
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Stiff blue marl without fossils, 12 to 14 feet.
Liver-colored marl and sand with nodules and bands of cement stone
26 feet: Mytius autisBiodorensis, Pecten solidus, Cyprina implicata,
Ammonites hipex, etc.
'? feet,,
Oyster-bed,
composed of Exogyra bruntrutama.
Yellow sandy beds-10 feet: (iyprina implicata, Area.
Sandy marl, at least 30 feet, passing down into Kimeridge Clay: Ammo
nites biplex, Lima holoniensis, Pecten Morini, A.vicula octavia, Trigonia
incurva, T. muricata, T. Pellati, Rhynchonella portlandica, Discina
urn p hriosian a.
Among Portlandian fossils a single species of coral (Isas.
trfea oblonga) occurs; echinoderms are scarce (Aerosalenia

The most
Konigi, etc.), there are also few brachiopods.
abundant fossils are lamellibranchs, the best represented
genera being Trigonia (T. gibbosa, T. incnrva), Astarte,
Mytilus, Pecten, Lima, Perna, Ostrea, Cyprina, Lucina (L.
portlandica), Cardiurn (C. dissirnile), Pleuromya.
frequent gasteropod is Cerithiurn portlandicurn.
monites

include

A.

The most
The am

giganteus, pseud.ogigas, bolon.iensis,
Fish are represented by Gyrodus,
gravesianus, pectinatus.
llybod.us, Isehyodus, and Pycnoclus, and some of the older
Jurassic reptilian genera (Steneosaurus, Plesiosaurus, Plio

saurus, Cetiosaurus, Megalosaurus) still appear, together with
the crocodile O-oniopholis.74

(3) P ii r b e c k i a n.-This group, so named from the Isle
of Purheck, where best developed, is usually connected
with the foregoing formations, as the highest zone of the
But it is
Jurassic series of England.
certainly separated
from the rest of that series by many peculiarities, which
show that it was accumulated at a time when the physical

geography and the animal and vegetable life of the region
were undergoing a remarkable change.
The Portland beds
were upraised before the lowest Purbeckian strata were de
Hence, a considerhle
stratigraphical and ptheon
The sea-floor
tological break is to be remarked at this line.
was converted partly into land, partly into shallow estuaries.
The characteristic marine fauna of the Jurassic seas
nearly
from
the
area.
Fresh-water
and
brackish-water
disappeared
forms characterize the great series of strata which reaches
up to the Neocomian stage, and might be termed the
Purbeck-Wealden series.
The Purbeckian group has been divided into three subposited.

,J. F. Blake, op. cit. and Etheridge, op. cit.
mouth," 1884.

Damon's "Geology of Wey
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Of these, the lowest (95 to 160 feet) consists of
groups.
fresh-water limestones and clays, with layers of ancient soil
in.
("dirt beds"). containing stumps of the trees which grew
them; the mddle comprises 50 to 150 feet of strata with
some marine fossils, while the highest (50 to 60 feet) shows
a return of fresh-water conditions.
Among the indications
of the presence of the sea is an oyster-bed (Ostrea distorta)
12 feet thick, with Pecten, Modiola, Avicula, Thracia, etc.

The fresh-water bands contain still living genera of lacus
trifle and fluviatile shells (Paludina, Limnea, Planorbis,
Numerous fishes, placoid
Physa, Valvata, Unio, Cyrena).
and ganoid, haunted these Purbeck waters.
Many insects,
blown off from the adjacent land, sank and were entombed
These include coleop
and preserved in the calcareous mud.
terous, orthopterous, hemipterous, neuropterous, and dipter
ous forms (Fig. 395).
Remains of several reptiles, chiefly
chelonian, but including the Portlandian crocodile Gonio
pholis,

and.

likewise

some

crocodiles
interesting dwarf
computed to have been only 18 inches
The most remarkable
been discovered.

(Theriosuchus is
long),. have also
organsms of this group of strata are the mammalian forms
already noticed (p. 1474), which occur almost wholly as
lower jaws, in a stratum about 5 inches thick, lying near
the base of the Middle Purbeck sub-group, these being the

portions of the skeleton that would be most likely first to
drop out of floating and decomposing carcasses.
The zone of Belem.nites lateralis in the Speeton Clay of
the Yorkshire coast and the Spilsby Sandstone of Lincoln
shire, are considered by Prof. A. Paviow and Mr. G. W.
Lamplugh to represent in part the Pu.rbeck and Portland
beds of the southern districts."

France and the Jura.-The Jurassic system is here symmetrically developed in the form of two great connected rings.
The southern ring incloses the crystalline axis of the centre
and south; the northern and larger ring encircles the Cre
taceous and Tertiary basin and opens toward the Channel,
where its separated ends point across to the continuation.
But the structure of the two
of the same rocks in England.
areas is exactly opposite, for in the southern area the oldest
rocks lie in the centre and the Jurassic strata dip outward,
while in the northern region the youngest formations lie in
the centre and the Jurassic

beds

dip inward

76 Bull. Soc.
Imp. des Nat. Moscou, 1891,

below them.
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Where the two rings unite in the middle of France they
On the eastern
send a tongue down to the Bay of Biscay.
side of the country the Jurassic system is copiously devel
the Jura Moun
oped, and extends thence eastward through
tains into Germany.
The subdivisions of the Jurassic system in the north and
northwest of France belonging to what has been termed the
Anglo-Parisian basin, resemble generally those established
in England.
But in the southern half of the country, and
generally in the Mediterranean province, the facies departs

considerably both lithologically and pala3ontologically from
the English type, more particularly as regards the Upper
The following table gives in descending
Jurassic rocks.
order a summary of the distribution of the Jurassic sys
tem in France:"

P o r t 1 a n d i a n, separated into two sub-stages.
At
the base lie sands and clays, equivalents of the Port
land sands, or "Bononian" with Ammonites (Stephano.

10.

ceras)

portlandicuni, A. gigas, and Ostrea expansa.
Higher up come sands and calcareous sandstones cork

responding to the Portland stone, with Trigonia gib
bosa and Perisphinctes transitorius.
The Parbeckian
The stage is best de
is marked by Corbula inflexa.
veloped along the coast near Boulogne-sur-mer, where
it is composed of about 75 feet of clays, sands, and
Acrosalenia Koenigi, Perna Bou
sandstones, with
chardi, Echinobrissus Brodiei, Oardium Pellati, Tn
At the
gonia i'acliata, T. gibbosa, T. incurva, etc.
top
lies a bed of
limestone containing Cyrena Pellati,
Cardium clissirnile, and covered by a travertin with
Cypris, which

'

may represent the Purbeck beds.

Far

For a detailed account of the development of the Jurassic rocks of France,
see Be Lapparent's "Geologie," 3d edition, 1893; also A. d'Orbigny's "Paleon
tologie Françaiso-Terrains Oolithiques," 1842-50; D'Archiae, "Paleontologie
do la France," 1868, and "Paleontologie Françaiso, continuo par une reunion
do Paleontologisles -Terrain Jurassique," in course of publication; Hbor,
'Les Mers aricionues ot leurs Rivages, daus le Bassin de Paris," 1857 (a most
interesting and valuable essay), and numerous papers in Bull. Soc. Geol. France;
Monographs by Loriol, Ootteau, Pellat, Royer, Tombeck; Gosselet's "Esquisse,"
cited ante, p. 1222; J. F. Blake, Q. J. Geol. Soc. 1881, p. 497, gives a bibliogra
phy for N. W. France, and Barrois (Proc. Geol. Assoc.) gives a summary of
results for the Boulonnajs. For the last named district consult also Pellat, Bull.
Soc. Geol. France, viii. 1819; Douvill et Rigaux, op. cit. xix. 1891, p. 819.
Rigaux, "Notice Geologique our le Bas Boulonnais," Boulogne-sur-nier, 1892.
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to the south, in Charente, some limestones containing
Portlandian fossils are covered by others with Cor
bula inflexa, Physa, Paludina, etc., possibly Purbeck.
gypsiferous mans and dolo
and containing Corbula for
besiana, Physa wealdiana, Valvata helicoides, Trigoma
gibbosa, etc., occur in the Jura, round Pontarlier and
near Morteau, in the valley of the Doubs.
The Upper Jurassic rocks of southern France and
Fresh-water limestones,
mites (about 200 feet),

the southern

flanks

of

the Alps, or what has been
termed the Mediterranean basin,
a facies so
present
different from that which was originally studied in
England, northern France, and Germany that much
difficulty was for many years experienced in the cor
relation'
the deposits, and much discussion has
arisen on the subject.
From the researches of Oppel,

Benecke, Hébert, and later writers, the true meaning
of the southern facies is now better understood.
It
appears that the divisions ranging above the Oxfordian

are represented in the southern area by a singularly
uniform series of limestones, indicative of long un
broken deposition in deeper water, and. unvaried by
those oscillations and occasional terrestrial conditions
which are observable further north.
The name of

T i t ho n i a n was given by Oppel to this more uni
form suite of strata, which were marked by the mixed
character of their cephalopods, and by their peculiar
perforated brachiopods of the type of Terebratula
77
Around Grenoble,
the
massive
diphya (janitor).
limestones resting upon some mans with
species be
to
the
zone
of
Ammonites tenuilobatus, contain
longing
Terebratula dphya -associated with ammonites closely
linked with Neocomian types.
In the Basses Coven
nes, the limestones attain a thickness of from 1200 to
1400 feet.
At their base lie mans and manly lime
stones containing Ammonites macrocephalus, A. trans
versarius and A. cordatus.
A band of bluish lime
stone with bituminous mans (65 feet), belonging to
the zone of A. bimammatus, represents the"Corallian.
Some gray limestones (260 feet), with A. polyplocus,
contain fossils of the zone of A. tenuilobatus,
equiva" For a study of the Tithonian fauna see A. Toucas, Bull.
France, xviii. 1890, p. 560.

Soc.

Geol.
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lent to the Sequanian stage.
These are succeeded by
massive
a
limestone (330 feet) with Terebratula diphya
and
Amm. transitorius, and this by a
(janitor)
compact
white limestone (500-650
with Terebratula mora
feet).
vica (Repellini), Cidaris glandfera, corals, etc.
At the
lie
some
feet)
limestones (200
with Terebratula
top

9.

and many ammonites (A. Calypso, A.
diphyoides
_privasensis, A. berriasensis, etc.).
K i m e r i d g i a n= Kimeridge Clay, divided in central
and northern France into the following sub-stages in

ascending order: 1, Sequanian or Astartian (Ostrea
deltoidea, zone of Ammonites tenuilobatus); 2, Ptero
cerian (Pterocera Oceani, zone of Amm. acanthicus);
3,

In Normandy, the
Virgulian (Exogyra virgula).
Corallian clays with Diceras arietinum are covered
by other clays with Ostrea deltoidea (Sequanian, and

nodular limestone with Pterocera Oceani (Pterocerian),
followed by blue clays and lumachelles with Exogyra
In the Pays de Bray, these vari
virgula (Virgulian).
ous strata are 330 to 400 feet thick, and are surmounted
by calcareous mans, sandstone and limestone (115-160
feet) containing Ostrea catalaunica, Anomia la3vigata,
Hemiidaris Hofmauni, Echinobrissus Brodiei, Ostrea
bruntrutana, and representing the Bononian sub-stage.
The

coast-section

near

Boulogne-sur-mer exposes a
series of clays, sands, and sandstones (180 feet), from
which a large series of characteristic fossils has been
obtained, and which, as the type section of the Bono
nian beds, indicate a local littoral deposit in the upper
part of the Kimeridge Clay.
In the French Ardennes, the Sequanian, Pteroce
nan, and Virgulian sub-stages are composed of a suc
cession of mans and lirnestones (500-560 feet), the
Sequanian mans and lumachelles being marked by
Ostrea deltoidea, etc., the Pterocerian limestones by
Waidheimia humeralis, Pterocera ponti, etc., and the

Virgulian mans by immense numbers of Exogyra vir
In the Meuse and Haute Marne, a group of
gala.
compact lirnestones, more than 500 feet thick (Cal
caires

de

Barrois),

with

Ammonites

(Stephanoceras
In
the
Bononian
etc.,
gigas,
represents
sub-stage.
Yonne, the Sequanian sub-stage consists of oolites
and contains a reef of coral full of bunches of Septas
traa, Montlivaltia, etc.
Toward the Jura, this sub-
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stage (200 feet thick) consists of limestones and mans
(Astarte minima); the Pterocerian is well developed,
and shows its characteristic fossils; while the Bononian
comprises the so-called "Portlandian" lirnestones of

or red
the Jura, its upper part becoming the
yellow
In the de
unfossiliferous "Portlandian dolomite.'
partment of the Jui'a, the Pterocerian sub-stage con

tains a coral-reef, more than 800 feet thick, near Saint
Olaude, and further south another occurs at Oyonnax.
In the same region, the Virgulian sub-stage, composed
of bituminous shales and thin lithographic limestones,
has yielded numerous fishes, reptiles, and abundant

The position of these beds is fixed
cycacis and ferns.
by the occurrence of the Exogyra virula below them,
and

of

the

Bononian

limestones

with

Nerina

and

Amm. gigas above them.
From what we said above
under the Portlandian stage, it will be seen that the
Kirnenidgian appears in a totally different aspect in
the

Mediterranean

basin, being there composed of
thick limestones with. a mixed assemblage of ammo
nites,
8.

and

characterized

in

the

higher

parts by

the

appearance of Terebratnia diphya.
0 o r a lii a n, divisible into (ci) 'Argovan, or zone of
sponges and Aium. canaliculatus; (b)* Glyptician, or

zone of Glyptiehus hieroglyphicus, and (c) Diceratian,
or zone of Diceras arietinum.
The sub-stages b and c
In Nor
comprise the zone of Amm. bimammatus.

mandy, the stage 'presents
presents a lower assise (Trouville
or
of
Martelli) composed of many
oolite,
zone
and oolitic limestone and black clays (Echinobnissu
scutatus, Trigonia major, etc.), and an upper coral-rag
with Cidaris florigemma and a dark marl with Exogyra
nana; the whole passing laterally into clays (Havre).
In the Ardennes , an argillaceous marl (with Phasia
nella striata) represents the Argovian division, and is
surmounted by a mass of coral limestone
feet).
(400-420
In Haute Marne, the Oorallian beds attain a thickness
of 330 feet, but are mainly formed of mans, the coral
beds

or

reefs

Southward,

in

dwindling'

down

in

that

direction.
lirnestones with

Burgundy, massive
corals reappear, with lithographic and oolitic lime
To the east also, in the district of Besançon,
stones.
the stage is represented by 130 to 200 feet of coral
limestone with compact and oolitie bands, and some.
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times with calcareous mans that abut against the sides
of what were formerly coral-reefs.
Some horizons in
the Corallian

7.

stage are marked by the occurrence of
remains of ferns and other land-plants (Saint Mihiel,
in Lorraine; Dept. of Indre).

0 x f o r d i a n,

divisible into (a) Callovian, with zones
of Amm. macrocephalus, and A: anceps, and (b) 0x
fordian, with zones A. Lamberti, A. Marie, A. cor
datus.

This

Calvados,

stage is well exposed on the coast of
between Trouville and Dives, where it at

tains a thickness of 330 feet, and is divisible into
a lower sub-group of mans (Dives) with Amm. Lam
berti, a mid1e sub-group of clays (Villiers) with A.
Maria, and an upper sub-group of clays with A. cor
datus.

It

is

likewise displayed in the Boulonnais.
Northeastward, in the Ardennes, the (Jallovian sub
as a pyritous clay (25-30 feet) with
stage appears
oohtic limonite, the Oxfoi'dian as a series of clays,

mans, argillaceous sandstone (full of gelatinous silica
and
known as gaize) and oolitic ironstone.
In
locally
the Côte-d Or, the fossils of the Oallovian and Oxford
Round Poi
ian beds are mingled in the same strata.
tiers,

6.

Callovian division is upward of 100 feet
Eastward it dwindles down toward the Jura,

the

thick.
but is recognizable there under the Oxfordian pynitous
mans (330 feet).

B a t h o n i a n (Grande Oolithe) may be divided into
a lower sub-stage (Vesulian) with the zone of Ostrea
acuminata and Amm. ferrugineus, and an upper (Brad
fordien) with the zones of Rhynchonella decorata and
In Nor
Walclheimia
digona
(Amm.
aspidoides).
of
strata
mandy, it consists of (a) a lower group
which at one part are the Port-en-Bessin mans (100
feet or more) and at another the famous Oaen stone,
so long used as a building material, and which from

its saurian and other remains may be paralleled with
the Stonesfield Slate; (b) granular limestone
bryozoan limestone, with some of the fossils
(Ran-vile),
In the Ardennes, the Fuller's
of the Bradford Clay.
Earth is represented by some sandy limestones, luma
chelles, and granular limestone, with Ostrea acuminata,
Amrn. Parkinsoni,
Belernuites giganteus, etc.; the
Oolite by a massive limestone (160-200 feet)
with Carthum pes-bovis, Purpura minax, followed by
Great
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limestones,

with

numerous

fossils

(Rhynchonella decorata, R. elegantula, Ostrea flabel
bides, etc.).
The limestones are replaced eastward by
In the Oôte-d'Or, the stage
many and sandy beds.
is largely

developed, and is divided into three sub
stages: (a) Lower (115 feet), limestones and mans with
zones of llomomya gibbosa, Terebratula Mancleislohi,

Pholadomya bucardium; (b) Middle (196 feet), white
lirnestones and oolites with zone of Amm. arbustigerus,
Purpura glabra and echinoderms; (c) Upper (82 feet),

limestones and mans with Eudesia cardiurn, Waldhei

.

mia digona, Pernostrea Pellati, Pentacri nus B uvignieri,
and with land-plants in one of the zones.

B a j o c i a n (Oolithe Jul rieure) is well developed in the
department of Calvados, the name of the stage being
taken from Bayeux.
Its thickness is 60-80 feet, and
it consists of: 1, Lower limestone (Amm. MllrchisonEe);
2, limestone with. numerous ferruginous oolites, fossils
fa bundant and well preserved (Amm. humphriesianus,
A.

Sowerbyi, A. Parkinsoni, etc.); 3, Upper white
oolite with abundant brachiopods, sponges and urchins
(Arnm. Parkinsoni, Terebratula Phillipsi, Stomechinus
In the French Ardennes, the stage
bigranularis, etc.).
presents a lower group of mans (32 feet) with Amm.

Murchisone, A. Sowerbyi, etc., followed by an upper
limestone (30-130 feet) with Arnrn. Blagdeni, A. sub
radiatus, Belem. giganteus, etc.
Toward Lorraine, this

limestone

charged with corals, some parts
North of Metz, the stage is mostly
being true reefs.
limestone, and reaches a thickness of 330 feet.
In
Burgundy, the stage is chiefly a crinoidal. limestone
In the
(00 feet), capping boldly the Liassic mans.
Jura, it attains a thickness of upward of 300 feet, and
consists chiefly of limestone.
In Southern France, it
swells out to great proportions, reaching in Provence
a thickness of 950 feet, where it consists of the follow

4.

becomes

ing assises in ascending order: 1, Amm. Murchisone;
2, A. Sauzei; 3, A. hump hniesianus; 4, A. niorte'nsis.
T oar cia n (from Thouars= Upper Lias). In Lorraine,

this stage (330-370 feet thick) consists of a lower series
of mans followed by sandstone and an oolitic brown

18 For a study of the
gasteropods of this zone in France see M. Cossmann,
Mem. Geol. Soc. France (3), tome iii. No. 3, 1885.
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ironstone containing Ammonites opalinus, A. ins'
gnis,
Belemnites abbreviatus.
This ironstone is traceable
from the Ardèche to Luxembourg.
In the Ardennes,
the

stage includes a lower series of marls and clays
(300 feet) with Amm. serpentinus, a middle marl con
taining Amm. radians, A. bifrons, and an upper limo
nite (Longwy) with Amrn. opalinus, Ostra
ferruginea,
In
navis.
Yonne
and
Oôte-d'Or,
it consists
Trigonia
of the following members in ascending order: 1, mans
with Posidonia and lumachelle with Amm. serpentinus
(15-30 feet); 2, mans with A. complanatus (26 feet);
3, mans with Turbo subduplicatus (12-20 feet); 4,

blue mans with Cancellophycus liassicus (25-30 feet).
Near St. Amand, Cher, the
stage consists of nearly
200 feet of mans and clays with seven recognizable
In the ttaute Ma ne, it is
zones.
In
nearly as thick.
the Rhone basin, it consi ts of a lower
group of lime
stones with Pecten equ valvis, and an
upper group
of ferruginous beds, me] uding an important seam of

8.

oolitic ironstone, and co: taining the zones of Anim.
bifrons and A. opalinus
In Provence, it reaches a
thickness of 950 feet, a: id in this region the whole
Liassic subdivisions att in the great depth of 2300
feet.
In Normandy, the Toarcian stage is
only about
20 feet thick, but shows the characteristic ammonite
zones.
L i a s Si an (=Middle Lias and Lower Lias, in
part).
In Lorraine, where this stage reaches a thickness of
230 to 260 feet, it consists of the following three assises
in ascending order: 1, limestones (Ammonites Davth)
and mans; 2, mans (A. margaritatus); 3, sandstones

In the French Ardennes, it is
(Grphaa regulanis).
360- feet thick, and comprises: 1, sandy clay with
Amm. planicosta, Grypha3a regu.lanis, Plicatula
spi
nosa; 2, marl with Belemnites clavatus, Amm.
capri
cornus; 3, ferruginous limestone with Amm.
spinatus,
Bel. paxillosus.
Westward this stage becomes almost
In Yonne and Côte-d'Or, it is divisible
wholly marly.
into three assises, in the following ascending order: 1,
Belemnite limestone of
Venarey (40 feet), comprising
the zones of (a) Amm. Valdani,
(b) A. venarensis,
(c) A. llenleyi, (d) A. Davcth; 2, micaceous and pyri
tous mans, about 200 feet; 3, nodular limestone with

large gryphites, comprising the zones of (a) Amm. zetes,
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Near St.
(b) Pecten equivalvis, (c) Amm. acanthus.
Amanci, Cher, the stage consists of nearly 300 feet of
mans and manly limestone, with the zones of (a)
Gry
re
Amm.
ranicostatus,
A.
ibex,
pha3a
gu.lanis, (b)
(c)
d)
A. Davcei, (e) A. margaritatus, (f) A.
In.
spinatus.
the Rhone basin, it varies up to 340 feet in thickness,
but in Provence it expands to nearly 900 feet, the
lower half composed chiefly of lirnestones and the

2.

of mans.
In Normandy, it is chiefly
tipper half
belemnite limestone, 50 to 65 feet thick.
Sine m u r i a u. (= Lower Lias).
This stage (Lias a
gryphs) is typically developed at Sernur, Côte-d'Or
(whence its name), where it consists of nodular gryphite
limestone with manly bands (23-26 feet), and is thvisi
ble into three zones, which, counting from below, are
marked respectively by: 1, Ammonites rotiforrnis; 2,
A. Bucklandi; 3, A. stellaris.

it

Near St. Amand, Cher,

is

composed of about 15 feet of many limestone,
which represent only its upper part.
In the Haute
Marne and Jura it is a limestone with curved gry
In
phites, and ranges from 15 to 25 feet in thickness.
the basin of the Rhone it is a calcareous formation, 20
to 25 feet thick, containing the zones of Ammonites

Davicisoni, A. stellanis, A. oxynotus, and A. plani
costa.
Further south, it swells out in Provence to 275
feet, and is separable into a lower group with Amm.
Bucklandi,

and

a

higher with Belemnites acutus,
Arnrn. bisuleatus.
In Normandy, it is about 100 feet
thick, and comprises clays and many gryphite lime
stones (Ammonites bisulcatus) surmounted by ryphite
urn estones and clays (Beleninites brevis, W aidheirnia

1.

co r.).
II e t t a n g I a n (= In fra-Lias), many and shelly limestones with Ammonites planorbis, etc. (corresponding
to the Angulatus and Planorbis zones at the base of
the Lias), resting conformably on the sandstones, mans,
and bone-bed of the Avicula contorta zone or Rhatic
In Lorraine, this stage is only 13 feet thick.
roup.
In Luxembouror,
0 the lower or Planorbis zone is com.

clays alternating with bands of fetid
The upper or Angulatus zone,
imestonie (10-40 feet).
seen
consisting mostly of sandstone (200 feet), is well
This zone becomes
at ilettange, whence the. name.
osed

of

dark

less sandy as it advances into Belgium, where it forms
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Marne

de Jamoigne.
The Uettangian stage of
Burgundy is thin, and is composed of a lower Luma
chelTe de Bourgogne (Ostrea irregularis, Cardinia Lis
ten, Ammonites Burgundi2e) and an
upper many
limestone known as "Foie de Veau" (Ammonites Bur
In the basin of the Rhone,
gundie, A. moreanus).
the Planorbis zone is about 40 feet thick, and the An
In Cotentin, the stage is
gulatus zone 20 to 26 feet.
divisible into a lower sub-group of mans (Mytilus
minutus, Corbula Ludovico) and an
upper sub-group
of limestones (Cardinia concinna, Pecten valoniensis.
One of the most interesting features of the Lias in the
northern or Jura part of Switzerland is the insect-beds at
Schambelen in the Canton Aargau.
The insects are better
and
much more varied than in the English Lias,
preserved
and include representatives of Orthoptera,
Neuroptera, Cole
of
100 species of beetles), Hyrnenoptera,
optera (upward
and ilerniptera.
About half of the beetles are wood-eating
kinds, so that there must have been abundant woodlands on
the Swiss dry land in Liassic time."
Germany.-In northwestern Germany the subjoined clas
sification of the Jurassic system has been adopted :°

o

Purbeck group-Serpulit, a limestone 160 feet thick, and Münder Mer
gel, a series of red and green mans, with dolomite and gypsum, at
least 1000 feet thick-forming a transition between the Purbeck and
Portland groups.
Eirnbeckhthser Plattenkalke and zone of Amm. gigas, equivalent to the
English Portland group: Corbula, Modiola, Paludina, Cyrena.
Kinieridge group, Upper, with Exogyra virgula = Virgulian; Middle
or Ptorocora beds (Pterocerian); Lower (Astartian, Upper Sequauian),
with Nerimea beds and zone of Terebratula humeralis.8'
Corallian, with Cidaris florigemma, corals, Pecten varians, Ostrea rastel
laris, Norinea visurgis.
Oxfordian, with Grypha dilatata, Amm. perarmatus, A. cordatus.
Olays with Amm. ornatus, A. Jason, A. Lamberti, A. anceps, A. ath
leta
bOrnatus clays." This stage is usually included by German
geologists in the Middle Jura.

' Heer, "Urwelt der Schweiz," p. 82.
bO Heiur. Credner, Ober. Jura in N. W. Deutschland, 1863. See also the
works of Oppel and Quenstedt quoted on p. 1481, and K. von Seebach's Der
Brauns' Unter. Mitt!. und Ober. Jura, 1869, 1871,
Hannoversche Jura, 1864.
0. Fraas, "Geognostische Beschreibung von Württemberg, Baden und
1874.
Hohcnzollern," Stuttgart, 188; Th. Engel, "Geognostischer Wegweiser durch
Wurttemberg," Stuttgart, 1883.
81 Struckinann, N. Jalirb. 1881
(ii.) p. 102.
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Clays, shales, and ferruginous oolitQ with at the top the
zone of Amm. (Macrocephalites) macrocephalus, equivalent to the Callovian or Kellaways rocks, and aL the bottom that of Amm. Parkinsoni.
"Bifurcatus-schichten" with Amm. (Cosmoceras) bifurcatus. These "Bifurcatus beds," with the Hauptrogenstein above them, including the zones of Oppellia fuses,
and 0. aspidoides, form the Bathonian stage.82
"Coronatus-schichten," clays with Amm. (Stephanoceras)
humphriesianus, A. Blagdeni, A. Braikeuridgei, and
many corals of the genera Montlivaltia, Thecosmilia,
Cladophyllia, Isastra3a, Coufusastra and Thamnastrea.
Ostrea limestone with Ostrea Marshi, 0. eduliformis, Tngonia costata.
Clays with BeIemnites giganteus.
Shales, sandstones and ironstones, with Inoceramus polyplocus, Amm. (Harpoceras) Murchison, Pecten perso.
natus.
Clays and shales with Amm. (Harpoceras) opalinus, A.
torulosus, Trigonia navia.
Gray mans with Amm. (Lytocoras) jurensis (JurensisMergel), A. (Harpoceras radians.
Bituminous shales (Posidonien-Schiefer) with Amm. lythensis, A. communis, A. bifrons, Posidonia Bronni.
Clays with Anim. spinatus, A. (Amaltheus) margaritatus,
Belemuites paxillosus.
Marts and limestones with Amm. capricornus, A. Davi.
Dark clays and ferruginous marls with A. brevispina, A.
Jasoni, A ibex, A. Jamesoni, Terebratula numisnialis.
Clays with Amm. obtusus (Turneri), A. Oxynotus, A. rancostatus (Oxynotenlager).
Oil shales and Pentacrinus beds resting on gryphito limestone with. Amm. (Anietites) Bucklaudi, A. Oonybeari,
GrypIiaa arcuata, Lima gigantea, Spiriferina Walcotti
(Arietenschichten).
Sandstones with Amm. angulatus (Angulatenschichten),
Cardinia Listen.
Dark clays, sandy layers and limestone with Amm. planorbis (psilonotus) Psilonotenkalk.

In lithological characters the German L o w e r or B 1 a c k
3 11 r a presents many points of resemblance to the English
Some of the shales in the upper division are so bitu
Lias.
With the general
minous as to be workable for mineral oil.
succession of organisms also, so well worked out by Oppel,
been found to
Quenstedt, and others, the English Lias has
agree closely.
$2 For an account of the fauna of this stage in the upper Rhenish lowland
see A. 0. Scblippe, Abhand. Geol. Specialkart. Elsass-Lothr. IV. Heft. iv. 1888.
83 G. Meyer, "Koralien des Doggers," Abhand. Geol. Specialkart. Elsass
Lothr. IV. Heft v. 1888.
84 For an account of this stage see J. A. Stuber, Abhandl. Geol. Specialkart.
Elsass-Lothr. VI ii. 1893.
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The D o g g e r or B r o w n J u r a
the Lower
.represents
Oolite of England and the Etages Bajocien and Bathonien
Its lower division consists mainly of dark clays
of France.
and. slates, passing up in Swabia into brown and yellow
sandstones with oolitio ironstone!
The central group in
northern Germany differs from the corresponding beds in

England, France, and southern Germany by the great pre
The upper
ponderance of dark clays and ironstone nodules.
group consists essentially of clays and shales with bands of
oolitic ironstone, thus presenting a great difference to the
massive calcareous formation on the same platform in Eng
land and France.
The M a 1 m, or Upper or W h it e J u r a corresponds
to the Middle and Upper Oolites of England, from the base
of the Oxford clay upward, with the
ectuivalent formations
in France.
It is upward of 1000 feet thick, and derives its
name from the white or light color of its rocks contrasted
with the dark tints of the Jurassic strata below.
It consists
mainly of white limestones in many varieties; other mate
rials are dolomite and calcareous marl.
Its lower (Oxford
ian) group is essentially calcareous, but with some of the
fossils which occur in the Oxford clay, e.g. Ammonites orna
tus and Grypha dilatata.
The massive liinestoues with
Cidaris fiorigemma are the equivalents of the Corallian.
The Kimeridge
at its base beds equivalent
group. presents
to part of the Sequanan or Astartian sub-stage of France
globosa, etc.), with such an
(Astarte supracorallina, Natica 0
,abtindance and variety of the
gasteropoci genus Nerinaa that
the beds have been named the "Nerineen-Sehichten."
Above these come strata with Pterocera Oceani
(Pteroee
nan), marking the central zone of the Kirneridgian
stage.
Higher still lie compact. and oolitic limestones with Exogyra
At the top some limestones and many
virgula (Virgulian).
The most
clays yield Ammonites gigauteus (Portlandian).
member
of
the
German
important
Kimeridgian. stage is un
the
limestone
doubtedly
long quarried for lithographic stone
at Solenhofen, near Munich.
Its excessive fineness of grain
has enabled it to
preserve in the most marvellous perfection
the remains of a remarkably varied and abundant fauna
both of the sea and land.
Besides skeletons of fishes
(Aspidorhynchus, Le pidotus, Megalurus), cephalopods, show.

s' For a detailed
sratigraphica1 and palonto1ogical account of the Lower
Dogger of German Lorraine see W. Branco, Abhand. Geol. Specialkart. Elsaes
Lothr. II. Heft ii. 1879.
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ing casts of their soft parts, crabs with every part of the in
tegument in place, and other denizens of the water, there lie
the relics of a terrestrial fauna washed or blown into the
neighboring shallow lagoons-dragon-flies with the lace-work
of their wings, and other insects; the entire skeletons of

Pterodactyle and Rhamphorhynchus, in one case with the
wing membrane preserved (Figs. 399, 400, 401), and the re
mains of the earliest known bird, Archaopteryx
(pp. 1474,
The upper Jurassic series is well developed in Han
1475).
over, where it has been carefully studied by 0. Struckmann.
The Portland group has been shown by him to contain
eighty-five species of fossils, one-half of which are larnelli
branchs, and to include the characteristic ammonites A.
8G
The German
gigas, portlandicus, Gravesi anus, gigan tens.
Purbeck group attains an enormous development in West
phalia (1650 feet), where, between limestones full of Corbula,
Paludina,

and

Oyclas, pointing to fresh-water deposition,
there occur beds of gypsum and rock-salt.
Alps.-The Jurassic system in the Alps is developed
under a different aspect from its varied characters in cen
tral and western Europe.
It there includes massive reddish
limestones or marbles like those of the Trias of the same
Indeed it would seem that the pelagic conditions
region.
under which the Triassic limestones were deposited had not
entirely passed away when the Jurassic formations came to

be laid down.
The Lias is well represented in the Alps
under several distinct types.
At the western end of the
chain in the region north and south of Briançon it consists
of crystalline, often brecciated limestones, generally full of
lamellibranchs, sometimes of corals.
In Dauphint
it is

made up of marly non-crystalline limestones distinguished
some
by the number of their ammonites and belemnites, an
times reaching, according to Lory, a thickness of more than
6000 feet.
Southward in Provence the limestones are es
In the Tyrol
pecially rich in brachiopocls and crinoids.87
and eastern Alps the Lias presents still other lithological
and paheontological characters.
A distinguishing feature
is the prominence of red and variegated marbles, also the
abundance of genera of ammonites which are for the most

80 "Der Ohere Jura der Umgegend von Hanover," 1878; Pa1aonto1og.
Abhand. (Dames u. Kayser) I. i. 1882; Zeitsch. Deutsch. Geol. Ges. 1887, p. 32.
- 81 Haug, "Les Chaines subalpines," Bull. Carte Geol. France, No. 21, 1891;
Lory, Bull. Soc. Geol. France (3), ix.
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in central and western Europe, some
part feebly represented
of the conspicuous forms being species of Phylloceras, Lyto
ceras, Amaitheus, Oxynoticeras, Arietites, Psiloceras, and
At Adneth, in Salzburg, this facies has been
Schiotheimia.
In the llierlatz Mountains of the Salzkam
long studied.
mergut the Lias is represented by massive white and pink
Yet with these cal
limestones with abundant brachiopods.
careous deposits there are also developed along the southern
borders of Bohemia and eastward in Hungary, sandy and.
argillaceous strata containing so much vegetation as to afford
in some places beds of coal."
The Alpine Lias, in spite of
these variations of character and organic contents, shows
here and there some of the distinctive arnmouite zones, so

that it can be placed in comparison with that of the rest of
It lies conformably on and passes down into the
Europe.
Rhtic series.
The equivalents of the English Lower Oolites or "Middle
Jura" of the Continent have been detected in both the west
ern and eastern Alps, but are not well developed there.
In
the west, where they are about 1300 feet thick, they consist
of limestones, shales, and clays with calcareous nodules,
which form regular alternations.
Ammonites, especially of
the genera Phylloceras and Lytoceras, abound, together

with Posidonia.
The zones of -A-mm. (llarpoceras Murchi
some, A. (Harpoceras concavus, A.
(Sonninia
Scwerbyi,
A. (Sonninia) Rornani, A. humphriesianus (Cloceras sub
coronatum), A. (Parkinsonia) Parkinsoni, and A. (Oppellia)
fuscus have been recognized.""
The Oxfordian and Corallian divisions of the Jurassic
system, or Callovian, Oxfordian, and Sequanian formations
are in general feebly represented in the Alpine region; but
the Upper Oolites or Kimeridgian and Portlandian series
attain a large development.. It is this higher part of the
sys
tem which in the Alps specally presents the Pithonian facies

Above the zone of Ammonites (Oppel
already referred to.
ha) tenuilobatus (Aspidoceras acanthicum) comes a mass of
strata consisting of a lower group of reddish well-bedded

limestones so full of Terebratula diphya (janitor) as to be
named the "Diphya-limestone"; and of an
upper thick.
bedded or massive light-colored limestone (Stramberg lime
stone, from Stramberg in Moravia).
The lirnestones are
often crowded with cephalopods, of which a
large number
88
Neiruayr, Abhand. k. k. Geol. Reichsanst. 1879.
89
flaug, Bull. Cart. Geol. France, No. 21, 1891.
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of species, many of them peculiar, have been noticed (Amm.
[Phyllocerasj ptyehoicus, A. volanensis, A. hybonotus, A.
The presence
transitorius, A. lithographicus, A. steraspis).
of some of these in the Portlandian rocks of Germany serves
to place all these Alpine lirnestones at the very top of the
Jurassic system.
About a dozen species of fossils pass up
The shales or impure
from them into the Cretaceous rocks.

shaly limestones are sometimes full of the curious cephalo
pod-appendages known as Aptychus (Aptychus-beds). Some
of the more massive limestones are true coral-reefs.
Many

of the limestone escarpments of the Alps (Hochgebirgskalk)
are referable to the Terebratula diDbva beds.
In some
they are overlain by the Diphyoicles-beds (with Tere

ratula diphyoides), elsewhere they pass insensibly upward
tlaces
into the so-called Biancone-a white compact siliceous lime
stone containing Cretaceous cephalopods.
The Diphya-lime
stone,

with

its

peculiar fossils, appears to range from the
Carpathians through the Alps and Apennines (where it
occurs as a marble) into Sicily.90

Sweden.-The coal-bearing Rhttic series developed in
Scania and referred to on p. 1442, is followed by a series
of marine strata, in which a number of the ammonite-zones
of the Lower and Middle Lias have been recognized as high

as that of Amm. margaritatus.°'
Similar strata are found on
the island of Bornholm.
These Scandinavian deposits and
in
the
north
of
Scotland
mark the northern and west
those
ern limits of the Jurassic system in Europe.

Russia.-Jurassic formations spread over a larger area in
Russia than in any other part of Europe, for they sweep
northward over a vast breadth of territory to the White Sea,
and extend eastward into Asia.
Yet in this wide area it is

The Lias
only the upper half of the system which appears.
and the stages below the Oallovian are absent.
The fauna
of these Russian Jurassic formations is so peculiar, and for a
long time yielded so few species found elsewhere in Europe,
90 In the voluminous literature of this subject the following woris may be
consulted: Oppel, Z. Deutsch. Geol. Ges. xvii. 1865, 535; Neuinayr, Abh. Geol.
Reichsanstalt, v.; Zittel, Paläont. Mittheil. Mus. Bayer.; ffiSbert, Bull. Soc.
Geol. France, ii. (2) p. 148, xi. (3) P. 400; E. W. Benecke, "Trias und Jura in
den Sudalpen," 1866; "Geognostisch. Paläontologische Beiträge," 8vo, Munich,
1868; C. Moesch, "Jura in den Alpen, Ostschwoiz," 1872; E. Fraas, "Scenerie
der 4Upen." See also the "Jura-studien," etc. of Neumayr, already cited, p.
1477, and the papers of Favre, Loriol, Renevier and others.
91 J. C.
Moberg, Sverig. Geol. Undersökn. Stockholm, 1888.
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that it was difficult to correlate these rocks with those of bet.
ter known regions.
More sedulous research, however, has
in
laroe
measure
now
removed this difficulty, and shown
that some o the recognized life-zones of western
Europe can
be detected in Russia.°2
At the bottom lies (1) the Oallo
vian stage, consisting of clays, divided into-a. Lower with
Amm. (Cosmoceras) calloviensis, A. gowerianus; b. Middle

with Amm. (Oosmoceras) Jason, A. (Stephanoceras) corona
tus; c. Upper with Amm.
(Quenstedticeras) Lamberti, A.
(Cosmoceras) Duncani.
(2) Oxfordian, composed of dark
sandy clays and divided into-a. Lower with Amm. (Car
dioceras) cordatus, A. (Card.) vertebralis, A.
(Perisphinctes)
A.
b.
plicatilis,
(Aspidoceras) perarmatus;
Upper with
Arnrn. (Cardioceras) a-lternans, A.
(Perisphinctes) Martelli.
(3) Volgian, consisting of. green, brown, and dark sandstones
and sands.
The lower part of this
group contains Amm.
A.
(Perisphinctes) virgatus,
(Perisph.) Pallasi, Belemnites
absolutus, B. rnagniücus, Aucella Pallasi, A.
mosquensis,
and the higher part yields Belemnites
mosquensis, Holco
Blald,
and
of
the lamellibranch
stephanus
many species
Aucella.
The group is correlated
by Paviow with the Port-'
landian stage of western Europe.
At the top a number of
species pass up into the Neocornian series.
North America.-So far as yet known, rocks of Jurassic
age
play but a subordinate part in North American geology.
Perhaps some of the red strata of the Ti'ias belong to this
division, for it is difficult, owing to
paucity of fossil evi
to
dence,
draw a satisfactory line between the two
systems.
Strata containing fossils believed to
those
of the
represent
Jurassic
series have been met with in recent
European
years
the
during
explorations in the western domains of the United
States.
They occur among some of the eastern ranges of
the Rocky Mountains (Colorado; Black Hills, Dakota; Wind
River Mountains; Uinta Mountains; Wahsatch
range, etc.),
as well as in the Sierra Nevada, California, and other locali
ties on the western side of the watershed.
They have been
far
to
the
north,
the
recognized
beyond
great region of Azoic
and Paheozoic rocks, in the Arctic
portion of the continent.
They have been met with also in South America, where
92

Noumayr, Geogn. Palaeontol. Beitrãge, 186, vol. ii..; Nikitin, Neucs
Jahrb. 1886, ii. p. 205; Mem. Acad. St.
Petorsbourg, 1881; Pavlow, Bull. Soc.
Gaol. France, xii. 1884; Bull. Soc. Nat. Moscou, 1889, 1891.
98 Pavlow,
Bull. Soc. Nat. Moscon, 1891.
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they apear to range far southward into the Argentine Re
The fossils include species of Pentacrinus, Mono
public."'
tis, Gryphea,
Lima, Ammonites
Trigonia,
(Arnaitheus,
Arietites, Cardioceras), and B elemrn tes.
The American Jurassic rocks, though a few
European
species appear to occur in them, have not yet been satisfac

correlated with the subdivisions of the system in
The younger members of the series are
Europe.
probably
best developed.
In these strata as exposed in Wyoming,
Utah, Dakota, and Colorado great discoveries of vertebrate
torily

remains have been made.

Prof. Marsh has brought to light
from the upper Jurassic strata of Colorado the remarkable
series of reptilian, forms already referred to which have
given a wholly new interest and importance to the Jurassic
rocks of America.
Among remains of fish (Ceratoclus), tor
toises, pterodactyles, and crocodilians, he has recognized the
bones of herbivorous deinosaurs (Atlantosaurus, Brontosau
rus, Stegosaurus, Morosaurus, Apatosaurus), together with
the

carnivorous

Creosaurus and the curious ostrich-like
With this rich and striking reptilian fauna are

Laosaurus.
associated the remains of

many genera of small mammals
which have been named by Prof. Marsh Allodon, Ctenaco.
don, Drvolestes, Stylacodon, Asthenodon, Laoclon, Diplocy
nodon, Docodon [Enneodon], Menacodon, Tinodon, Trico.
nocl.on, Priacodon, Paurodon.9
Asia.-In india, as already stated, the upper part of the
enormous Gondwána system is possibly referable to the
In Cutch, however, a marine series of
Jurassic period.
strata occurs containing a representation of the European
Jurassic system from the Inferior Oolite up to the Portland
These rocks attain a thickness of 6300
group inclusive.
feet, of which the lower half is chiefly marine and the upper

mainly fresh-water.
Among the zones recognized by Sto
liczka were those of Ammonites macrocephalus, A. anceps,
and A. athieta of the Kellaways (Oallovian) group; A. Lam.
berti, A. cordatus, A. transversarius of the Oxford clay; A.
tenuilobatus of the Kimeridge group."

0. Behrendsen has found Lower and Middle Lias, and higher Jurassic
ZeiL Deutsch. Geol.
beds on the eastern slopes of the Argentine Cordilleras.
Gesell. xliii. 369, 1891.
95 Marsh, Amer. Journ. Sci. xv. 1878, p. 459; xviii. 1879, pp. 60, 215, 396;
xx. 1880, p. 235; xxi. 1881, P. 511; xxxiii. 887, p. 237; Geol. Mag. 188'l,
pp. 241, 289.
96 Medlicott and Blanlord's "Geology of India," p. 253. Waagen, Pakont.
Indica, 1875.
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Jurassic
been

rocks in

Queens
demonstrated by the

discovery of recognizable Jurassic species and others closely
In Queensland above the
allied to known X~rassic forms."'
Permo-Carboniferous rocks comes the Burrum formation, a
great series of coal-bearing rocks, with Sphenopteris, Thinn.
feldia, A let hopteris, T
niopteris, Podozarnites, Otozamites;

Baiera, and a few animal remains, including species of Cor.
This group is followed by another
bicula and Rocellaria.

conglomeratic series with abundant remains of
land-plants and workable coals, forming the valuable Ips
wich formation.
From these strata a large flora has been
sandy and

collected,
From

the

together

with

plant-remains
as Jura-Trias."

and
Unio.
cyprids, coleoptera,
these two formations have been

Traces
of Jurassic rocks have
grouped
been found in New Caledonia and the northern end of New
Guinea.
In New Zealand a thick series of rocks classed,

as Juras

sic-is subdivided as follows:
Mataura

series,

estuarine,

with

species known).
Putakaka series, maristones

and

terrestrial

plants

(8

sandstones

passin
into conglomerates, and inclosing plant-remains an
irregular seams of coal; marine fossils (11 species
known) of Middle Oolite fades.

Flag Hill series, with species of Rhynchonella, Tere
bratula, Spiriferina, etc.
Catlin's River and Bastian series, consisting in the

upper part of conglomerates and grits, with obscure
plant-remains, and in the lower part of sandstones.
Fossils abundant
ammonites), and afford
(especially
This division is
ing means for defining horizons.
referred to the Lias.u9

Moore, Q. J. Geol. Soc. xxvi. 261.
W. B. Clarke, op. cit. xxiii. 7.
B. Etheridge jun., "Catalogue of Australian Fossils," 1878.
98 Jack and
Etheridge, "Geology and Palaeontology of QueeDsland," 1892,
chaps. xxiii.-xxx.
99 Hector's "Handbook of New Zealand,"
p. 31.
Compare F. W. Hutton,
Quart. Journ. Geol. Soc. 1886, p. 204.
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Section HL

Cretaceous

The next great series of geological formations received
the name of Cretaceous
system, from the fact that, in north
western

Europe, one

of

its

most

thick band of white chalk (creta).
erable lithological
traced

over

and

members

important

It presents very consid

pahoutological differences as

the' world.

In

it

is

white chalk

is

particular, the

almost wholly confined to the Anglo-Parisian basin
the system was first studied.
group of rocks presents
than
are

the Cretaceous
the

records of

where

Probably no contemporaneous

more

remarkable local

of Europe.

system

an

is a

differences

These differences

increasing diversity of

geographical

conditions in the history of the Continent.

§ 1.
the

ROCKS.-In
pointed

General.

out in

more

afterward

with its own character of

already
Bohemia,

as in the

described.

lowlands

of the Seine.

be

recognized, each

accumulations,

Silesia,

will

tolerably distinct areas of

sedimentary
the

as

detail, two

be

Britain,

area,

European

deposit can

system

Characters

and

of

The

the

of

northern

central

round

case

Europe

the Jurassic

tract

includes

southward

Ardennes into

into

the basin

The southern region embraces the centre and

south of France, the range of the Alps, and the basin of the
Mediterranean

eastward

which appears to

into Asia.

In

the

northern area,

have been a basin in great measure shut

off from free communication with the Atlantic, the deposits
are largely of a littoral or shallow-water kind.

The base

ment beds, usually sands or sandstones, sometimes conglorn-
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extent glauconitic (greensand).

The

marked diffusion of glauconite, both in the sandstones and
mans, is one of the distinctive characters of this series of
rocks.

Another feature is the abundance of soluble silica

(sponge -spicules), more particularly in the formation called
the

Greensand, and

Upper

in the

Lower

Chalk of

many

parts of the south and southeast of England and the north
of France.

In Saxony and. Bohemia, the Cretaceous system

consists chiefly of massive sandstones, which appear to have
accumulated

in a

northern basin.

gulf

along the

southern

of

margin

the

Considerable bands of clay, occurring on

different platforms among the European Cretaceous rocks,
are often charged with fossils, sometimes so well preserved
that the
incrusted
sands,

pearly nacre

of the shells

or replaced

remains, in other cases

marcasite.

by

Alternations

clays, and shales, usually more

or

less

of

soft

glauconitic,

are of frequent occurrence in the lower parts of the system
Neocomian and older Cenomanian).

The calcareous strata

assume sometimes the form of soft mans, which pass into
glauconitic clays, on the one hand, and. into white chalk, on
the other.

The white chalk itself is a pulverulent limestone,
of

mainly composed
Its

upper

fragmentary

part shows layers

lumps of dark-colored,
posed

for

the

of

shells

and

flints, which

somewhat

foraminifera.
are

irregular

impure chalcedony,

dis

most part along the planes of bedding, but

sometimes in strings and veins across them.

The flints fre

quently inclose silicified fossils, especially sponges, urchins,
brachiopods,
places,

etc.

becomes

splintery

(see
a

fracture.

pp.

hard

247, 289).

dull

Nodular

The

limestone,
phosphate

chalk,

in

breaking
of

lime

or

some

with

a

phos

phatic chalk, occurring on different horizons in the system,
is extensively worked as a source of artificial manure in the
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It has been found also in the

rth of France, and at Tapiow, near Maidenhead, in Eng.

land.'
The terrestrial vegetation of the period has in different
places

been aggregated into beds of coal.

These occur in

northwestern Germany among the Wealden deposits, where
also to a trifling extent in the Weal

they are mined for use;

den series of England; they are likewise found in the Ceno
manian series of Saxony and the Senonian of Magdeburg.
The upper Cretaceous (Laramie) rocks of the Western Terri
tories of the United States consist largely of sandstones and
conglomerates, among which are numerous important seams
Beds of concretionary brown iron-ore are present

of coal.
in the

similar

deposits

worked in the English Wealden series.

In the

Cretaceous

were once

series

of

southern European basin,

ilanover, and

where the

conditions of deposit

appear to have been more those of an

open sea freely com

municating with the Atlantic, the most noticeable feature is
the massiveness, compactness,
stones over a vast area.

and persistence of the lime.

These rocks,

often crowded with

hippuritids, from their extent and organic contents, indicate
that, during 'Cretaceous times, the Atlantic stretched across
the south of Europe and north of Africa, far into the heart
of Asia, and may not impossibly have been connected across
the north of India with the Indian Ocean,
LIFE.-The

Cretaceous

system,

both

in

Europe

and

North America, presents successive platforms on which the
i:and-vegetation

of the

period

has been preserved.,

most of the strata contain only marine organisms.

though
This. ter-

0O Comet, Quart. Journ. Geol. Soot xlii. p. 325; Renard et Cornet, Buil.
Acad. Roy. Beig. xxi. 1891, p. 126.
101 A. Strahan, Quart. Journ. Geol. Soc. xlviL 1891,
p. 356.
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restrial f 1 o ra possesses a great interest, for it includes the
earliest known progenitors of the abundant dicotyiedonous
angiosperms
earlier

part

of the present
of

the

day.

In

Europe,

Cretaceous period,

it

closely resembled the vegetation of the

during

appears

previous

to

the

have

ages, for

the same genera of ferns, cycads, and conifers, which formed
/

\
\.

\

I
\\

C

\\

Fig. 410.-Cretaceous Plants.
a, Quercus rrnklana (2-3); b, Cinnamornum sezannense (2-3); c, Ficus atavina (2-3);
d, Sassafras recurvata (2-3); e, Juglan8 arctica(1-2).
the Jurassic woodlands, are found in the rocks.

Yet that

angiosperms must have already existed is made certain by
the sudden appearance of numerous forms of that class, at
the base of the Upper Cretaceous formations in
Saxony and
Bohemia,

whence

ninghamites,

forms of Acer,

Salix,

etc.,

have

Alnus,

been

Credueria, Cnn

obtained.

Still

more

varied and abundant is the
dicotyledonous flora preserved
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formations in Westphalia,

dicotyledonous

have

plants

from

been ob.

tamed, belonging to the genera Populus, Myrica, Quercus,
Ficus,

Oredneria, Viburnum,

sides alga, ferns,

cycads,

dons (Fig. 4lO).'°

Aralia,

Eucalyptus,

etc.,

be

conifers, and various monoctyle

Another rich Cretaceous flora is found

in the corresponding beds at

Aix-la-Ohapelle.

numerous ferns

Lygodium,

(G-leichenia,

nium, Pterid3leimma),

It includes

Danites,

conifers (Sequoia,

Asple.

Cunningharnites),

Caulinea,

Dryophyllum, Myricophyllum, Ficus, Laurophyl

lam, and

three

or four kinds of

screw-pine (Pandanus).'°8

The prevalent forms which give so modern an aspect to this
flora, and which occur also in Westphalia,
many of them being referred

are Proteace,

to genera still living in Aus

tralia or at the Cape of Good Hope.

These interesting frag

ments indicate that the climate of Europe, at the close of the
Cretaceous period, was doub.tless greatly warmer than that
which now prevails, and

nourished a vegetation like that of

some parts of Australia or the Cape.

Further information

has been afforded regarding the extension of this flora by
the

discovery in

of fossil-plants,
species,

North
of

including

club-mosses,
Otozamites,

Greenland

of a remarkable series

which

ileer

has

more

than

40

horse-tail

reeds,

kinds

cycads

Potamogeton,

etc.),

and

of

(Cycas,

Zamites), conifers (Baiera,

Thuyites, Sequoia, Dammara, Pinus,
(Arundo,

described

ferns,

many

with

Podozamites,

Ginkgo,

etc.),

nearly 200

Juniperus,

monocotyledons
dicotyledons,

in.

102 Hosius and Von der Marck, "Die Flora der Westfälischen Rreideforma
non," Palontographica, xxvi. 1880, p. 125. The total flora described by these
observers is made up of 85 species from the Upper and. 20 species from the
Lower Cretaceous beds.
108 T. Lange, Zeitscb. Deutsch. Geol. Ges. 1890, p. 658; and H. von Dechen,'
*s cited postea, Note 170.
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oak,

fig, walnut,

plane,

ivy, aralia, dogwood, magnolia,

eucalyptus, ilex, buckthorn, cassia and others.'°'
In North America, also, abundant remains of a similar

C

S

-- -

c

Fig. 411.-Cretaceons Foraminifera.
a, Qaudryina pupoides, D'Orb.; b Globigerina cretacea, D1Orb.; c, Cristellaria
rotulata, b'Orb. (all magnified).
vegetation have been obtained from the Cretaceous rocks of
the

Western Territories.

The Laramie

group of strata in

particular has yielded a remarkably large and varied flora.
Out

of

more

dicotyledonous

than

100

species of

angiosperms

there

lif

found, half are related to still liv
ing American trees.
are species of oak,
plane,

Among them
willow,

poplar, maple,

tulip-tree,

sassafras,

beech,

I
r

hickory, fig,
laurel,

cinna

mon, buckthorn, together with ferns,
American palms (sabal, Flabellaria),
conifers, and cycads.'°5

The "Poto-

412.-Cretaceous Sponges.
a,
Siphoniapyriforxnis,Goldf.(i..2;
mae formation" of Virginia and
b, Ventriculites decurrens, var.
tenuiplicatus, Smith (1-2).
Maryland has a special interest from
its age.

It is referred with some probability to the Neoco

rnian period, and it has yielded about 350 species of plants,
104 "Flora Possilis Aretica," vols. vi. and vii. 1882-83.
08 For a
synopsis of the Laramie flora see L. F. Ward, 6th Ann. Rep. U. S.
Geol. Surv, 1885.
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viz. three species of Equ.iseta, 189 ferns, 22 cycads, and. more
than 100 conifers.

But besides this assemblage,

which is

furnished
distinctly Mesozoic in character, the deposits have
no fewer than 29 genera and 75 species of angiosperms.

Of

these higher forms of vegetation about two-thirds are new,
and the more peculiar forms seem to be what are known as
"generalized types," indicating the
flora.

But

among

the

genera

great

there

antiquity of

are found

the

Sassafras,

Pious, Myrica, Bombax, and Aralia.10°
$

*770
.
V. .i.;
'?

:

J:-

IC
Fig. 413.-Upper Cretaceous Echinoids.
a, EchinocofluS conicus, Brey. (=Galerites albo-galerus, Lam.) (2-3); b Ananchytes
ovatus (='EchinocoryS vulgatus, Leske) (1-2); c, Micraster cor-ariguinum, Klein (1-2).
The

known Cretaceous

Poraminifera

now

f a u n a is

reached an

tolerably extensive.

importance

which they never before attained.

as

rock-builders

Their remains are abun

dant in the white chalk of the northern European basin, and
some of the hard limestones of the southern basin are mainly
shells.
composed of their aggregated

The glau.conite grains

106 'W. M. Fontaine, "The Potomac or Younger Mesozoic Flora," Monog.
U.S. Geol. Bury. vol. xv. 1889. Bee also 0. Feistmane1, Zeitsch. Deutsch.
Geol. Ges. 1888, p. 27.
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of many of the greenish strata are the internal casts of fora.
miniferous
frequent

shells

genera

766,

(see

pp.

are

G-lobigerina,

1081).

Textilaria, and Rotalia (Fig. 411).
of frequent occurrence,

Some of the more

Orbitoliaa,

Nodosaria,

Calcareous sponges are

while siliceous sponges must have

swarmed on the floor of the Cretaceous seas, for their sili
ceous spicules are abundant, and
uncommon.""

entire individuals are not

Characteristic genera (Fig. 412) are Ventricu

lites, Siphonia, Ocoloptychium, and Corynella.

The forma.

: \i) 1
-y

a.
b
414.-Cretaceous
Fig.
Brachiopods.
a, Terebratula carnea, Sow. (2-8); b, Terebrirostra lyra, Sow. (2-8); c, Rhynchonefla
plica.tiis, var. octoplicata, Sow. (243).
tion of flints has been referred to the operation of sponges.
Undoubtedly these animals secreted an enormous quantity
of silica from the

water of

the Cretaceous sea, and though

the flints are certainly not due merely to their action alone,
amorphous silica may have been

aggregated by a process of

chemical elimination round dead sponges or other organisms
(p. 828).

Mollusks and urchins have been completely silici

fled in the Chalk.
107 See on
Sponge spicules, papers by Prof. Sollas, Ann. Mag. Nat. fist.
ser. 5, vi. and memoirs by Dr. G-. J. linde, "Fossil Sponge Spicules," Munich,
1880; "Cat. of Fossil Sponges, British Museum," 1883; Phil. Trans. vol. clxxvi.
The
p. 403, 1886; "British Fossil Sponges," Pal. Soc. vols. xl. xli. 1881-88.
sponge spicules of the Upper Cretaceous rocks are very generally in the condi
tion of amorphous or colloid silica; those of the Lower Cretaceous are frequently
of crystalline silica.
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whole,
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abundant

in

in

plentifully

Cretaceous

the

so-called

They seem to have been chiefly

solitary forms, some of the more characteristic genera being
Trochocyathus,

Trochosmilia,

Caryop hyllia,

Micrabacia. and Cyclolites.

Parasmilia,

The rugose corals so abundant

' I, / /'- çS
I/I .S.

a

1'1tS

\.

S S
.)S
"1

b

0

C
Fig. 415.- Cretaceous Lamellibrancbz.
a, Exogyra (Ostrea) coumba, Lam. (1-2); b Ostrea vesicularis, Lam, (1-2); c, Ostrea
cat'inata, Lam. (1-2); d, Spondylus (Lima) spinosus, Desh. (2-3);
e, Inoceramus Cuvieri, Sow. (young spec.) (1-2).
among Palozoic rocks are now doubtfully represented by
Sea-urchins are conspicu

the little Neocornian Holocysti s.

ous among the fossils of the Oretaceous system.
their

genera are also Jurassic,

number

while

still live in the present

a

ocean.

not

A few of

inconsiderable

One of the most

striking results of recent deep-sea dredging is the discovery
of so

many new genera of echinoids, either identical with,
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of

the Cretaceous period,

unexpectedly

character.'"

antique

Some of the most abundant and. typical Cretaceous genera
are

413)

(Fig.

Ananchytes

Micraster,

aster,

rites),

Hemiaster,

E chinobrissus

Pygurus,

blaster,

Echinocorys,

Echinoconus

Discoidea, Cyphosoma, Pseudodiadema,

daris.

A

few

crinoids
and

Bourgueticrinus

have

Cardiaster,

llemipneustes,

(Nucleolites),
been

Marsupites

of

met
the

Tox

(Gale

Salenia,

with,
Upper

of

01

which

Chalk are

characteristic.
Polyzoa abound in some parts of the system, especially

b

a

Fig. 416.-Cretaceous Lamelllbrancbs (Etippuritids).
a, Hippurites organisans, Desm. (nat. size); b, Caprotina (Requ1enia
ammorna, D'Orb. (1-3).
in

the

pora,
are

formations

upper

Micropora,

(Cellaria,

abundantly represented

Rhynchonella,
species.
merous

Other

The

Retepora).

which

brachiopods

by species of

approach

contemporaneous

species),

Vincularia,

Thecidium,

in

Magas,

to

415)

are

the

most abundant genera

Inoceramus,

Exogyra,

of

still

were

414)

living

Crania (nu

Terebratella1

(Terebrirostra), Trigonosemus, Terebratulina,
Among

(Fig.

Terebratula and

form

genera

Membrani

Lyra

and Argiope.

lamellibranchs (Fig.

Ostrea,

Spondylus,

Lima,

108 A. Agassiz, "Report on Echinoidea,"
"Challenger" Expedition, vol. ill.
25.
p.
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but

still

more

These

Rudistes.

so
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Trigonia,

Carclium,

isocardia,

Exogyra are specially character.
is

singular

the

of

family

forms

are

entirely

confined

S
a

or

Etippui'itid

to

S

b

4

Fig. 417.-Cretaceous Cephalapocis.
, Turrilites costatus. Lam. (a); b, Ortoceras Emend, Lev. (); c Baculites ancepe,
Lam. (i); ci, Ammonites (Acanthocera) rothomagensis, Brong. (i);
e Awrnonites varians, Sow. (i).
the Cretaceous system: their most common genera (Fig. 416)
being Hippurites,

Racliolites, Spherulites,

and Oaprotina (Requienia).bo
present

knowledge,

the

occurrence

Caprina, Mono.

Hence,
of

according to

hippuritids

in

a

109 For a
study of the Rudistes, see the Memoir by IL Douvill6, Mom. Soc.
Gaol. France (3), L 1890; ii. 1892.
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the

Cretaceous

age

of

the

The most common gasteropods belong to the genera

Acteonel1a,

Turbo,

Solarium,

Trochus,

Pleurotomaria,

b

a

Fig. 418.-Cretacco
Cephalopods.
a, Ancyloceras matheronianus, D'Orb. (i); b, Hamites attenuatus, Sow. (3);
c, Toxoceras bituberculatus, D'Orb.; d, Scaphites qual1s, Sow.
Cerithium,
rex.

Rostellaria,

Cephalopods

Cretaceous seas

Aporrhais, Fusus,

must

(Figs.

have

417,

418,

swarmed

Mitra, and Mu
in

419).Their

some

of

the

remains are
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abundant in the Anglo-Parisian basin and thence eastward,
but

are

comparatively

ceous area.

To

the

to

the

Jurassic

those

of

believed

to

in

infrequent

geologist,

the

have a

they
as

system,

southern

Cretft.

value similar

distinct

species

are

be restricted in their range to particular hori

zons, which have by their means been identified from dis
trict to district.

To the student of the history of life, they

have a special interest, as

they include

the last of the great

Mesozoic tribes of the Ammonites and Belemnites.
up to the top of the

abundant

organisms continue

These

Creta-ceous
system, and then disappear from the European geo
logical record.""
as

in

Never was cephalopodous

the Cretaceous

included some old
Lytoceras, and
even

from

resembling

Liassic

time,

types

some

straightened,

long

with

Phylloceras,

had

new

It

continued

genera,

others

some

which

now

Of these new forms Orioceras
with

the

coils

of the shell not

Scaphites and Ancyloceras have the last coil

contiguous.

curved

which

(Schloenbachia),

(Fig. 417) is an Ammonite

into a

of

together

appeared for the first time.

(Fig. 418).

decline.

its

Ammonite genera such as

ilaploceras,

old

before

period, just

life so varied

and

its

end

bent

into

a

crozier-like

shape

Toxoceras, as its name implies, is merely bent

bow-like
round

tapering

form.

ilarnites

hook-wise
shell

mutually adherent.

is

upon

bent

is

a long

itself.

once

and

tapering

shell,

In Ptychoeeras
the

two

parts

the
are

Turrilites (Fig. 417) is a spirally coiled

110 No abrupt disappearance of a whole widely-diffused fauna
probably ever
took place. The cessation of Ammonites with the Cretaceous system in Europe
can only mean that in this area there intervened between the deposition of the
Cretaceous and Tertiary strata a long interval, marked by such Physical revolu
That the tribe continued
tions as to extirpate Ammonites from that region.
elsewhere to live on into Tertiary time appears to be proved by the occurrence
A. Heil
of some Ammonlie remains in the oldest Tertiary beds of California.
to
the
and
Paheon
of
"Contributions
the
United
Tertiary Geology
tology
prin,
1884,
102.
States," Philadelphia,
p.
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shell, and

ilelicoceras

in contact.
forms,
like

Baculites

being

the

a

are

system,

at

(Fig. 417)

mere

ancient

species,

resembles

almost
the

it,
is

but has
the

These

summit

of

which

shell

forms,

confined

entirely

the

coils not

simplest of all the

straight-chambered

Orthoceras.
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to

they

in

the

somewhat
numerous
Cretaceous
The

disappear.

genus Nautilus is found not infrequently in Upper Oreta
ceous rocks.
nitella

Another characteristic
cephalopod. is Belem
which

(Fig. 419),

occurs

abundantly in

the

higher

l'.
t .\.1

L-

V
7,

C

j

Fig. 419.-Upper Cretaceous Cephalopods.
a, Belemnitella plena (Belemnites plenus) Blainv. (); b, Belemuitella mucronata,
Schioth. (i); c, Nautilus danicus, Schioth. (i).
parts of the system.
characteristic
Zittel's

of

groups

The Belemnites are more
particularly
Lower Cretaceous rocks, and.
belong to

of

the

"Bipartiti,"

and

"Conophori,"

''Dilatati.''
Vertebrate remains have been obtained in some number
from the Cretaceous rocks.
tered

teeth,

skeletons.
11

scales,
The

or

most

Fish are represented
by scat

bones,

sometimes

frequent

genera

by

are

more

entire

Odontaspis,"

Odontaspis (Larnna) elegans ranges up to the Rupelian (Oligocene) beds.
A. Rutot, Ann. Soc. Geol. Beig. 1875, p. 34.
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Hybodus, Mesodon (Pycio

Ptychodus,

and the earliest of the teleostean tribes,

Sphrodus,

which

OF

the

vast majority of modern

fishes-Proto.

sphyrena, Cimolichthys, Enchodus, Stratodus, Beryx (Fig.
42O, Syl1mus, Portheus, etc.
Reptilian life

has

not been so abundantly preserved in

the Cretaceous as in the Jurassic system, nor are the forms
so varied.

In the European area the remains of Ohelonians

of several genera (Ohelone, Protemys, Platemys) have been
recovered.

The

toward

close

of

the

forms

of

this order are the

the

Cretaceous

last of

the

tribe of

Cretaceous

deinosaurs died

out

Among the

period.

Megalosaurus

and

Fig. 42D.-Cretaceous Fish.
Beryx lewesiensis (1).
Cetiosaurus,

which

survived

from

Jurassic

Pelorosaurus, Polacanthus, Iguanodon,

likewise

Hy1aosaurus, Hyp

Of these Iguanodon

silophodon, Ornithopsis.
familiar type (Fig. 421).

time;

is

the

most

Some of its teeth and bones were

first found in the Wealden series of Sussex, but in recent
years almost

entire

the ancient alluvium

skeletons
filling

have been

up valleys

disinterred from

of

the

Cretaceous

period in Belgium, so that its osteology is now well known.
Like

other

deinosaurs,

Pa1ontologists
walked

on all

it

had

have differed
fours or erect.

many affinities with birds.

in

opinion

as to

whether it

M. Doilo, who has had

the.
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advantage of working out the structure of the

1583
wonderfully

perfect Belgium specimens, believes that the animal moved
on its hind legs, which are
disproportionately longer than

Fig. 421.-Cretaceous Deinosaur (IguanodOfl). From the skeleton as restored
and erected by MM. de Paw and Dollo in the Brussels Museum.
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of propulsion
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in the water, and likewise to
Its

walked.

strange

it

an

balance
armed

fore-limbs,

enabled

doubtless

digits,

as

served

obviously

to

defend

itself from its carnivorous congeners; it was itself herbiv
"2
orous.
Among Cretaceous rocks the order of Lizards is
represented
The

Coniasaurus,

by

gigantic

Mosasaurus,

Doliehosaurus,
among

placed

Owen, but among "pythonomorphs"

and

Leiodon.

lacertilians

by

by Cope, is estimated

to have had a length of 75 feet, and was furnished with fin
like paddles, by which it moved through the water.

True

crocodiles frequented the rivers of the period, for the remains
of several genera have been recognized (Goniopholis, Pholi
The ichthyosaurs and plesiosaurs

dosaurus, Theriosuchus).

were still represented in the Cretaceous seas of Europe.

The

pterosaurs likewise continued to be inhabitants of the land,
for the bones of several species of pterodactyle have been
found.

These remains

are

usually met

bones, only found at rare intervals and
few

places,

terred

in

however,

such

reptilian

numbers

from

remains
local

with in

scattered
In a

wide apart.
have

deposits

been

disin

as

show

to

how much more knowledge may yet be acquired from the
fortunate discovery

of

other

similar

accumulations.

One

of the most remarkable of these exceptional deposits is the
hard clay above referred to as filling up some deep valley
shaped depressions in the Carboniferous
sart

in

Belgium,

countered

at

a

and

depth

which

of more

surface in mining for coal.
'

has

been

than

rocks near Bernis
unexpectedly

1000

feet below

en
the

These precipitous defiles were

Mantell's "Illustrations of the Geology of Sussex," 1827. For recent
additions to our knowledge, see Dollo, Bull. Mus. Roy. Belgique, jj. 1883e
Ann. Sd. Geol. xvi. 1883, No. 6.
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which fine

silt

of the reptiles of

the

times,

carcasses

in,

times were quietly covered up and preserved, together with
remains of the river chelonians and fishes, as well. as of the
ferns that grew on the cliffs overhead.

These deposits have
"3
remained undisturbed under the deep cover of later rocks.
Again, from the so-called "Cambridge G-reensand"-a bed
about 1 foot thick lying at the bade of the Chalk of Cam
bridge, and largely worked for the phosphate of lime which
is supplied by phosphatic nodules and phosphated fossils
there

have

nians,

the

been
great

exhumed
deinosaur

the

remains

of

Acanthopholis,

several chelo
several

species

of Plesiosaurus, 5 or 6 species of Ichthyosaurus, 10 species
of

Pterodactylus-from the

of

them.

3

species

having a spread
of

Mosasaurus,

and some others.

size of

a

pigeon upward, one

of wing amounting to 25 feet
a

crocodilian

(Polyptychodon),

From the same limited horizon also the

bones of at least two species of birds have been obtained.
In

recent years the

most astonishing

additions

to

our

knowledge of ancient reptilian life have been made from the
Cretaceous rocks of western North America, chiefly by Pro
fessors Leidy, Marsh, and Cope.'

According

to

an enu

meration made a few years ago by Cope, but which is now
below the truth, there were known 18 species of deinosaurs,
4 pterosaurs, 14 crocodilians, 1

sauropterygians or sea-sau

rians, 48 testudinates (turtles, etc.), and 50 phythonomorphs
or sea-serpents.

One of the most extraordinary of reptilian

types was the Discosaurus or Elasmosanrus-a huge snake'
E. Dupont, Bul. Acad. Roy. Beig. 2e ser. 1vi. 18'lS, p. 387.
114
Leidy, Smithson. Contrib. 1865, No. 192; Rep. U. S. Geol. and Geogra,ph.
Survey of Territories, vol. i 1873; Cope, Rep. U. S. Geol. and (eograph. Survey
of Territories, vol. ii. 1875; Amer. Naturalist, 1878 et seq.; Marsh, Amer.
Journ. Science, numerous papers in 3d series vols. i-xlii. 1892.
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slim arrow-shaped head on a

form 40 feet long, with

This for-,

neck rising 20 feet out of the water.

swan-like

midable sea-monster "probably often swam many feet below
the surface, raising the head to the distant air for a breath,
then withdrawing it and exploring the depths 40 feet below
without

altering
far

wandered

the

from

of

position
land,

and.

its body.

that

It

must have

kinds

many

fishes

of

formed its food is shown by the teeth and scales found in
The real rulers of the

the position of its stomach" (Cope).

American Cretaceous waters were the pythonomorphie san
rians or sea-serpents, in which group Cope includes forms
like Mosasaurus,

Some of them attained

discovered.
more.

conic,

a

possessed

They

particularly

whereof more than 40 species have been

in

the

with eyes

tail;

a length of 75 feet or

remarkable
their heads

directed partly

form,

of

elongation

large, flat,

were

and

They swam by

upward.

means of two pairs of paddles, like the flippers of the whale,
and the eel-like strokes of their flattened tail.

Like snakes,

they had four rows of formidable teeth on the roof of the
mouth, which served as weapons for seizing their prey.

But

feature

the

the

most

remarkable

these

creatures

entire,

in the manner

of

snakes.

was

to swallow their

arrangement for permitting them

unique
prey

in

Each

half

of

the

lower jaw was articulated at a point nearly midway between
the ear and the chin, so as greatly to widen the space be
tween

the jaws,

and

the

throat

must, consequently,

been loose and baggy like a pelican's.
on

the

have

The deinosau.rs were

shores

of

the

likewise

well represented

American

waters.

Among the known forms are Hadrosaurus, a kan

garoo-like creature resembling the Iguanodon, and
feet long; Dielonius, an allied
and

spatulate

beak,

probably

form

about 28

with a bird-like head

frequenting

the

lakes

and
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wading there for succulent vegetable food, interesting from
its occurrence in the Laramie group of bedsat the very close
of the Cretaceous series; and Llaps, which probably also
Still more

walked erect, and resembled the Megalosaurus.
gigantic was the allied Ornithotarsus, which
have had
taceous

There were also in later Cre

a length of 35 feet.
time

strange

which, attaining

a

horned
of

length

is supposed to

creatures

such

as

Ceratops

25 or 30 feet, had a massive

a peculiar der
body, a pair of large and powerful horns, and
mal

armor.

Akin

to it were various deinosaurs united in

the genus Triceratops, so named from the third rhinoceros
exceeded 6 feet

like nasal horn.

Some of their skulls

length, exclusive

of the horny beak, and 4 feet in

with horn-cores about 3 feet long.

in

width,

Claosauras was another

gigantic deinosaur not unlike the Iguanoclon, with remark
ably small fore-limbs compared with the massive hind legs."
Pterosaurs have likewise been obtained characterized
absence of teeth (Pteranoclonts),
spread of wing of 20

and some of which had

to 25 feet.""

one gigantic species is supposed

by an

Among the

a

Chelonians

to have measured upward

of 15 feet between the tips of the flippers.
The remains of birds have been met with both in Europe
and in America among Cretaceous rocks.

From the Cam.

bridge Greensand bones of at least two species, referred. to
the genus Enaliornis, have been obtained.

These creatures

are regarded by Prof. Seeley as having osteological charac
ters

that place them

with

the

existing

natatorial birds.

From the American Cretaceous rocks nine genera and twenty
'is Marsh, on Cretaceous Deinosaurs, op. cit. xxxvL 1888, xxxviii. xxxix.
xli. xlii. xliv. xlv. 1893.
116 Marsh, on American Cretaceous Pterodactyles, Amer. Jouru. Sci. i. 18'll,
lii. xi. xii. xxi. xxvii. 1884.
111
Q" J. Geol. Soc. 1876, p. 49
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species, represented at present by the remains of about 120
individuals, have been obtained.
most remarkable

Among these by far the

are the Odontornithes,

or toothed

birds,

Fig. 422.-Cretaceous Bivd.ü8
Hesperornis regalis, Marsh (h).
from the

Cretaceous beds

of

Kansas.

Prof.

Marsh,

who

some years ago described these wonderfully preserved forms,
118 For this restoration and
Fig. 423 I am indebted to the kindness of my
friend Prof. Marsh.
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has pointed out the interesting evidence they furnish of a
reptilian
unique

In

ancestry."'

genus,

named

the

by

most important

him

veolar groove,
mentary

or

as

in

aborted,

indeed.

(Fig. 422), the

Hesperornis

jaws were furnished with teeth implanted

and

in a common al

Ichthyosaurus; the wings were rudi
so

that

locomotion

have

must

been

entirely performed by the powerful hind limbs, with the aid
of a broad, flat, beaver-like tail, which no doubt materially
helped in steering the creature through the water.
have been an admirable diver.
powerful

toothed

It must

Its long flexible neck and

jaws would enable

it to

catch the most

agile fish, while, as the lower jaws were united in front only
by cartilage, as in serpents, and had on each side a joint that
admitted of some motion;
almost any size of prey.

it had the power

of

swallowing

Hesperornis regalis, the type spe

cies, must have measured about 6 feet from the point of the
bill to the tip of the tail, and presented some resemblance to
an ostrich.
Apatornis

Of the other genera, Ichthyornis (Fig. 423) and.
were

distinguished

by

some

types of structure

pointing backward to a very lowly ancestry.

They appear

to have been small, tern-like birds, with powerful wings but
small legs and feet.

They possessed reptile-like skulls, with

teeth set in sockets, but their vertebre were biconcave, like
those of fishes.

There were likewise forms which have been

grouped in the

genera

and Telmatornis.

Gracuhevus,

Laornis,

Pahestringa,

Altogether the earliest known birds pre

sent characters of strong

affinity with the Deinosaurs and

Pterodaetyles.12°
Though mammalian remains had long been known to oc119 "Odontornithes,"
being vol. I. of Memoirs of Peabody Museum of Yale
and
also
vol.
vii.
of Geol. Explor. 40th Parallel. "Birds with Teeth,"
College,
U.
S.
Geol.
Bury.
1881-82,
Rep.
p. 45.
120 Sea Marsb, U. S. Geol. Surv. Report, 1881-82,
p. 86.
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cur in. the Triassic and Jurassic formations, none had been
obtained

from Cretaceous

rocks,

and

this absence was

all

the more remarkable from the great abundance and perfect
preservation of the reptilian forms in these rocks.

But the

Fig. 423.-Cretaceous Bird.
Ichthyornls victor, Marsh (.
blank has now been filled by the remarkable discovery in
the Upper Cretaceous rocks of Dakota and Wyoming of a
large series of jaws, teeth, and different parts of the skele.
tons of small mammals belonging to many individuals, and
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deinosaurs,

They were found
crocodiles,

turtles,

ganoid fishes, and invertebrate fossils indicating brackish or
fresh water conditions.

The mammalian forms show close

affinities to the Triassic and Jurassic types.

There are sev

eral distinct genera of small marsupials, others seem to be
allied

to

rodents,

the

monotremes,

or ungulates.

but

there

The genera

are

no

proposed

carnivores,
for

them by

Prof. Marsh are Cimolomys, Cimolodon, Nanomys,
don, Tripriodon,

Diprio

Selenacodon, ilalodon, Camptomus, Dryo

lestes, Didelphops,

Cimolestes, Pediomys,

codon,

and

Oracodon,

Allacodon.'2'

Stagodon, Plata

More

recently

the

discovery of a single small tooth in the Wealden series of
Hastings is the first
the
been

Cretaceous

trace of mammalian life yet found in

formations

provisionally

referred

of Europe.
to

The specimen has

the Purbeckian genus Pla

giaulax.'"
jgj Marsh, Amer. Journ. Sc.. xxxviii. 1889,
pp. 81, 1'PT; xliii. 1892, p. 249.
" A. Smith Woodward, Nature, xlv. 1891,
p. 164.
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Development

The Cretaceous system, in many detached areas, covers
From the southwest of England
a large extent of Europe.
it
across the north of France, up to the base of the
spreads
Eastward it ranges
ancient central plateau of that country.
beneath the Tertiary and post-Tertiary deposits of the great
on the north. side at the southern end of
9lain,.appparing
candinavia and in Denmark, on the south side in Belgium
and Hanover, round the flanks of the flarz, in Bohemia and
Poland, eastward into Russia, where it covers many thou.

sand square miles, up to the southern end of the Ural chain.
To the south of the central axis in France, it underlies the
great basin of the Garonne, flanks the chain of the Pyrenees
on both sides, spreads out largely over the eastern side of
the Spanish table-land, and reappears on the west side of the
crystalline axis of that region along the coast of Portugal.
It is seen at intervals along the north and south fronts of the
Alps, extending (Iowa the valley of the Rhone to the Medi

terranean, ranging along the chain of the Apennines into
Sicily and the north of Africa, and widening out from the
eastern shores of the Adriatic through Greece, and along
the northern base of the Balkans to the Black Sea, round
the southern shores of which it passes in its progress into
Asia, where it again covers an enormous area.
A series of rocks covering so vast an. extent of surface

must needs present many differences of type, alike in their
They
lithological characters and in their organic contents.
of
a
time
when
a
continuous
sea
before
us
the
records
bring
stretched over the centre and most of the south of Europe,
covered the north of Africa, and swept eastward to the far

east of Asia.
There were doubtless many islands and ridges
in this wide expanse of water, whereby its areas of deposit
and biological provinces may have been more or less de
fined.
Some of these barriers can still be traced, as will be
immediately pointed out.
While there is sufficient palouto1ogical similarity to al
low a general parallelism to be drawn among the Cretaceous
rocks of western Europe, there are yet strongly marked
to very distinct conditions of life, and
differences. pointing
n many cases, to disconnected areas of deposit.
probably,
variations, a distinct
Having regard to these geographical
northern and southern province, as above stated (p. 1518),
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proposed a further
great regions: (1) the northern prov
grouping
ince, or area of White Chalk with Belemnitella, comprising
England, northern France, Belgium, Denmark, Westphalia,
etc.; (2) the Hercynian province, or area of Exogyra co
lumba, embracing Bohemia, Moravia, Saxony, Silesia, and
central Bavaria; and (3) the southern province, or area of
Hippurites, including the regions of France south of the
ba8i.n of the Seine, the Alps, and southern Europe.'28
can

be

recognized;
into three

Giirnbel

GEOLOGY
has

Britain.'"-The Purbeck beds bring before us evidence of
a great change in the geography of England toward the close
of the Jurassic period.
They show how the floor of the sea,
in which the thick and varied formations of that period were
deposited, came to be gradually elevated, and how into pools
of fresh and brackish water the leaves, insects, and small
These
marsupials of the adjacent land were washed down.
evidences of terrestrial conditions are followed in the same
region by a vast delta-formation, that of the Weald, which
accumulated over the south of England, while marine strata
were

Hence two types of
being deposited in the north.
Lower Cretaceous sedimentation occur, one where the strata
are

fluviatile (rea1den), the other where they are marine
The Upper Cretaceous groups, extending con
(Neocornian).
tinuously from the coasts of Dorsetshire to those of York
shire, show that the diversities of sedimentation in Lower
Cretaceous time were effaced by a general submergence of
the whole area beneath the sea in which the Chalk was de
posited.
Arranged in descending order, the following are
the subdivisions of the English Cretaceous rocks:

123
"Geognost. Besehreib. Ostbayer, Greuzgebirg."
'
Consult Conybeare and Phillips, "Geology of England and Wales," 1822;
Fitton, Ann. Philos. 2d ser. viii. 379; Trans. Geol. Soc. 2d ser. iv. 103; Dixon'B
"Geology of Sussex," edit. P. Rupert Jones, 1878; Phillips' "Geology of Ox
ford and the Thames Valley"; H. B. Woodward's "Geology of England and
Wales," 2d edit.
Special papers on the English Cretaceous formations are
in
quoted
subsequent footnotes.
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Usa CB!rAcBoue.

w?OflO.ti2
IZone of Belem. 'Horizon of &
alone.
niteUa
J cronata. snlL.j
B. icronat
,,
and &quwl'
rota.

Chalk of Norwich, $tudland Bay
.

numerous
sponges.
Isocerar4tiS
,,
lingua and
few sponges.
Zone of Mierastercor-angulnum, var.
Al. cor-tentudlnartum.
,,

C

Chalk of Brighton. Margato Bridlington,
.
a.
Salisbury
.
a

Zone of Mar. f
SUPitCS orna-1
tUS.

Chalk of Broad athirs, Flamborough Read
Chalk of Dover p
a.
tFi

"

,

'

Hard nodular Chalk of Dover, &o.,
"Chalk Rock"
a.
.

"

Chalk without flints, Dover, &c. .
.'
Nodular Chalk of Shakespeare's OW, &o.,
"Melbourne Rock
"

t {

Grey Chalk of Folkestone, &c. ,Tottcrz)hoe Stone.
Chalk Mart
Red Chalk of Norfolk.
"Chioritic Marl," Glauconitic Marl.
Cambridge Greeneaud
.i
"
.

" (Zone of Beteranitefla pena (Bekrnnltei
pieniu).
a
I Horizon of Ammonites
.-( Zone of Hot- I
,'othomageneis.
,4. ains.
I aster sub-{
,,
PiocoscypMa
globosus.
,,
rna,andrv,ui.
of
"Crate
glauconleuse" of France.
d Zone

&o.

'

BJackdown bade. &c,
jWanuinster*beds,

.

.

G

a

a

'Z'

75 (Upper
r(Lower

,

'ereratulina gracflis.

Zone of Inoccramizs labtat.u8 (nii
LI
{ tflQlde8), and RhynchoueUa_cnuierl.

..

C)

a

i-I
91

a

Zone ofHoiaster plaaLua.

"

S

LOWER CRxTACZOtJS.
Southern Type.
Northern Type)
(Fluviatlle, and in upper
(Marine.)
pazt marine.)
dow the Red
(Sands, clays, lime.
Chalk, atSpeeton,
stones &c., in
on the Yorkshire
j Kent, urrey, Sus.
coast, clays and
sex, Hampshire.
marls, In appar
ently continuous
sequence, pass
down into Neo.
comian clays and
shales
Speeton
clay), which are
Weald Clay.
less than $OO feet
thick, and shade
down into Elm
eridgeClay. They
are grouped
in four zones.
Their upper por
tions are equiva
lent to the Car
stone and Tealby
Hastings sands and
limestone and clay
clays,
passing
of Lincolnshire,
down Into Fur.
and their lower
beck beds.
parts to the
CIaxby Ironstone
and Spilaby Sand
stone.

r_
It
.o
-Q

11

E
0
0
C
z

.Pecten
Ammonites (SchWnbacMa) infiatuo.
crIstcttue, .4 aurttu8, A lautus.

Hamitcs rvtun'iag.
jAmirwaites

Zone of Bebnunites ?ninlrnus, perhaps Includ
ing equivalents of Lower Gault
Zone of Belcninitcs 8envLxhnallouZ atus (?) (B.
brunsvicenth), with Are nomltas Deshoyesl,
species of Crioccras, Atzcyloccras, Haraitcs,
Rostellaria PhillipsLi, Rzogyra aimuala1 Pan..
opwa sLeoCOniCn-8i$, &c.
Zone of BglemnUce 3aouZum with Ammonites
noricus, A. speetonen.sis, A. aatlsrfaniis, Crio.
certcs Diwalif, C. puzosianum, Rotel(aria
P1&iUipati, Exopyra sinvata, Peeten eiiwtua,
Nucula subangulata, &c.

Zone of Belcrnnites lateraUs, with AVM
A. norimm, A. robila, Criocerae,
Travesknus,
plicata, Peotem
zogyra sinuata, Panapaa
tens, P thwtu8, Serpula vertebraiis.

Assoc. (1890) p. 808; " Argiles
(1889) p. 5Th; inBrit.
.1 See 0. W. Lainplugh, Quart. Jousn. Gaol. Soc. xlv.
Bull.
Soc. Imp. Nat. Afosoou, 1891.
'do Speeton et laura equivalents,' by A. Paviow and 0. W. Lamplugh
(1544)

.-

"--
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LoWER CRETACEOUS (NEoooMIAN).-Between the top
of the Jurassic system and the strata known as the Gault,
there occurs an important series of deposits to which, from
their great development in the
of Neuchtel in
neighborhood
Switzerland, the name of Neocomian has been given.
This
series, as already remarked, is represented in England by
two distinct types of strata.
In the southern counties, from
the Isle of
urbeck to the coast of Kent, there occurs a
thick series of
Wealden series.

fresh-water

sands

and

clays termed the
These strata pass up into a minor marine
known
as
the Lower Greensanci, in which some of
group
the characteristic fossils of the Upper Neocomian rocks
occur.
The Wealden beds of England therefore for
a

fluviatile equivalent of the continental Neocomian forma
tions, while the Lower Greensand
represents the later mar
of
the Neocomian sea, which gradually
ginal deposits
the
The second
usurped
place of the Wealden estuary.
seen
in
the
tract
of
from
Lincoln
type,
country extending
shire into Yorkshire, contains the
of
deposits
deeper water,
forming the westward extension of an important series of
marine formations which stretch for a
long way into central

Europe.
N eo c o in i an. 126The marine Neoconiian
strata
of
are
well
on
the
cliffs of the Yorkshire
England
exposed
coast at Filey, where they occur in an
argillaceous deposit
known
as
the
This
long
"Speeton Clay."
deposit is flow
shown to contain an interesting continuous section of marine
strata from

the

Kimeridge Clay to the top of the Lower
Cretaceous, or even into the flpper Cretaceous series.
It
has been carefully studied by Mr.
Lamplugh and by Pro
fessors Paviow and Nikitin,
by whom it has been brought
into comparison with the Neocomian rocks of Russia.
Tile
lower part of the "Speeton
Clay" consists of hard dark
bituminous shales with large
septarian nodules and many
crushed fossils.
these
remains there occur Beleni
Among
nites Oweni, Ammonites sp.,
Lingula ovalis,

Discina latis-

' Neucomian, from Neucomum, the
old name of Neuch.tel in Switzerland.
120 Fitton, Trans. Geo. Soc. 2d ser. iv.
1837, 103; Proc. Geol. Soc. iv. pp.
198, 208; Q. J. Geol. Soc. 1. Consult on marine Noocomian
typo Young and
Bird, "Survey of the Yorkhire Coast," 1828, 2d edit.
J. Phillips,
58-64;
pp.
"Geology 01 Yorkshire," p. 124. J. Leckenby, Geologist, II. 1859, p. 9. Judd,
Q. J. Geol. Soc. xxiv. 1868, 218; xxvi. 326; xxvii. 207; Geol. Mag. vii. 220;
C. J. A. Meyer, Q. J. Geol. Sos. xxviii. 243; xxix,
O.
A. Strahan, op. cit..
xlii. 1886, p. 486; Mem. Geol. Bury. sheet 84.
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These strata
sima, Ostrea gibbosa, Lucina minuscula, etc.
are referred to the higher part of the Kimeridge Clay.
They are succeeded conformably by the "zone of Belem
nites lateralis," consisting of dark, pale, and banded clays
At the
with the fossils mentioned in the foregoing table.
base of the zone lies a "coprolite bed," and its top is taken

at a "compound nodular bed" rich in fossils (Be!. lateralis,
Amm. noricus, A. rotula, Avicula inquivalvis, Pecten
cinctus, etc.).
The total thickness of this zone is about 34
feet.

It is overlain by the "zone of Belemnites jaculum,"
consisting likewise of various dark and striped clays and
bands of nodules, the whole having a thickness of about
125 feet.

While the underlying zone has obvious Jurassic
affinities, this zone is unmistakably Lower Cretaceous.
The
characteristic belemnite ranges through 120 feet of the sec
tion with

trace of another species.
Ammonites
hardly any
noricus occurs in the lower 30 feet of the zone, and is suc
An interesting paaeon tological
ceeded by A. speetonensis.
feature in this zone is the occurrence of abundant tests of

Echinospatangus cordiformis, a highly characteristic Neoco.
mian type.
The "zone of Belemnites semicanaliculatus (?)"

is seldom seen in
section, owing to the
complete
slipping
of the cliffs and. the detritus on the foreshore.
It consists of
dark clays 100 feet thick or more.
Above it a few feet
of

mottled

green and yellow clays form the top of the
These strata compose the zone of Belem
Speeton Clay.
nites minimus, and. contain also B. attenuatus, B. ultimus,

Inoceramus concentricus, I. suleatus, etc.
Some of their
are
found
in
the
Gault,
it
fossils
and
has been suggested
that they may reresent here the Lower Gault, while the
Red Chalk above- may be the equivalent of the
Upper
127
Ga alt.

In Lincolnshire the marine Neocomian series is likewise
developed.
Rising to the surface from beneath the Chalk,
the highest and lowest strata are chiefly sand and sandstone;
the middle portion (Tealby series) clays and oolitic iron
stones.
According to Mr. Lamplugh, the Spilsby Sand
stone and the Claxby Ironstone 0
this country, forming
the base of the Neocomian series and resting on Upper
Kimeridge shales, are equivalents of the zone of Belem
nites lateralis at Speeton.
The Tealby Clay, which overlies
them, is regarded as representing the zone of B. jaculum,
the Tealby Limestone the zone of B. semicanaliculatus (?),
127 G. W.
Lamplugli, op. cit.
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while the Carstone at the top immediately below the Red
Chalk is
laced on the horizon of the mans with B. mini.
128
Mug.
The Carstone ranges into Norfolk, and
perhaps
represents the entire "Lower Greensand" of central and.
southern England.
W e a I d e n.-In the southern counties a very distinct
It consists of a thick
assemblage of strata is met with.""
series
of fluviatile deposits termed Wealcien (from the

Weald of Sussex and Kent, where it is best developed),
surmounted by a group of marine strata ("Lower Green
sand"), in which Upper Neocomian fossils occur.
It would
the
that
fresh-water
conditions
of
appear
deposit, which
the
south
of
in
toward
the
close of the
began
England

Jurassic period, when the Purbeck beds were laid down,
continued during the whole of the long interval marked by
the Lower and Middle Neocomian formations, and only in
Upper Neocomian times finally merged into ordinary marine
sedimentation.
The Wealden series has a thickness of over
2000 feet, and in Sussex and Kent consists of the following
subdivisions in descending order:
Weald Clay .
.
.
.
.
.
.
.
.
Sand
of
Hasiings
group composed
3. Tunbridge Wells Sand (with Grinstead Clay)
.
2. Wadhurst Clay
.
.
.
.
.
1. Ashdown Sand (with Paidight Clays in lower part)

.

.

1000 feet.

. 140 to 380
. 120 " 180
*400 or 500

"
"

In the Isle of Wight these subdivisions cannot be made
out, and the total visible thickness of strata (sandstones,
sands, clays, and shales) is only about half of what can be
observed on the mainland further east, but the base of the
series cannot be seen.
Westward at Pu.nfielcl, on the coast
of Dorsetshire, the Wealden strata are exposed on the

shore, and. are there estimated to be from 1500 to 2000 feet
thick.
On the whole the Wealden series is thickest toward.

the west.
The sandy and clayey sediments composing the Wealden
series precisely resemble the deposits of a modern delta.
That such was really their origin is borne out by their
128 See A. J. Jukes-Browne,
"Geology of East Lincolnshire," in Mem. Geol.
Surv. sheet 84, 1887; G. W. Larnplugh, "ArgUes de Speeton," Bull. Soc. Imp.
Nat. Moscon, 1391.
19 On the Wealden or fiuviatile type consult, besides the works
quoted on
p. 1543, Mantell's "Fossils of the South Downs," 4to, 1822; To'pley, "Geology
of the Weald," in Mom. Geol. Surv. 8vo, 18'5.
Britow and Strahan, "GeolIlo
of
2d
of
the
edit.
1889,
in
Mem.
Geol. Surv., list of Wealden
Wight,"
ogy
fossils, p. 258.
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organic remains, which include terrestrial plants (Equl
setum, Sphenopteris, Alethopteris, Thuyites, cycads, and
conifers), fresh-water shells (Unio, 10 species; Cyrena, 5
Melania,
species; Paludina, Vicarya,
etc.), with a few
and. M
estuarine or marine
forms,
as Ostrea,
Exogyra,
,
i
t
y
lus, and ganoid fishes (Lepidotus) like the gar of American
rivers.
Among the spoils of the land floated down by the
Wealden river were the carcasses of huge deinosaurian rep
tiles (Oetiosaurus, Titanosaurus, Iguanodon, Hy1osaurns,
Polacanthus, Mealosaurus, Vectisaurus, ilypsilophodon),
The
long-necked plesiosaurs, and winged pterodactyles.

deltoid formation, in which these remains occur, extends
in an east and west direction for at least 200, and from
Hence the delta may
north to south for perhaps 100 miles.
It has been
have been nearly 20,000 square miles in area.

compared with that of the Quorra; in reality, however, its
extent must have been greater than its present visible area,
for it has suffered from denudation, and is to a large extent
The river prob
concealed under more recent formations.
a wide area,
ably descended from the northwest, draining
of which the existing mountain groups of Britain are per

haps merely fragments.
Lower G r e e n s a n d.-The Wealden series is suc
arenaceous strata
ceeded
conformably by the
group of
which has long been known under the awkward name of
"Lower Greensand."
This group consists mainly of yel
low, gray, white, and gren sands, but includes also beds
It has been
of clay and. bands of limestone and. ironstone.
subdivided in descending order as under:
Folkestone beds (Lower Albian in the upper part)
.
.
Saudgate beds)
(Aptian) S
beds
Hythe
ç
Atherfield Clay (Urgonian) resting on Wealden

.
.

.
.
:

.
.

'TO to 100 feet.
75 " 100
80 " 300 "
60
20

These strata appear to represent the continental series up
The Atherfield Clay is
into the base of the Albian stage.
well developed at Atherfield, on the south coast of the
It contains an abundant series of fossils,
Isle of Wight.
Terebratula sella,
among which are Toxaster complanatus,
Ostrea Leymeriei, Perna Mulleti,
Exogyra (Ostrea) Couloni,
Area :Raulini, and others which indicate an Urgonian hori
In the ilythe beds are found Plicatula
zon for this band.""
130 For a list of the fossils of the Athereld Clay and other members of the
Lower Greensand in the Isle of Wight. see the Geol. Surv. Mem. on that island
cited on the foregoing page.
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Aniiaonites Deshayesi, A. cornuelianus,
AncyFlacunea,
o1ceras gigas, A. Hulsii, Belemnites semicanaliculatns, Crioceras Bowerbankii.
Some of these fossils are found also in
the Sandate. beds, while the
upper part of the Folkestone
beds yie?ds likewise Amrn. marnillaris.
The Hythe and
beds
therefore
Saudgate
may
represent the Aptian stage,
while the Folkestone subdivision
may be regarded as the
of
the
lower
of
the
equivalent
Albian.3*
part
Of the total
of
fossils
from the "Lower
assemblage
Greensanci," about 300 in number,
only 18 or 20 per cent
pass up into the Upper Cretaceous series.
This marked
paleontologica1 break, taken in connection with a great
lithological change, and with an unconformability which
in Dorset
brings the Gault directly upon the Kimeridge
clay, shows that a definite
boundary line can be drawn
between the lower and
upper parts of the Cretaceous sys
tem in England.
UPPER CRETACEOUS.-Three
leading litholoical groups
have long been recognized as
constituting the L pper Creta
ceous series of England.
First, a band of clay termed the
Gault; second, a variable and inconstant
group of sand
and sandstones called the
"Upper Greensand"; and, third,
a massive calcareous formation
chiefly composed of white
chalk.
But the foreign nomenclature, founded
mainly on
considerations,
and
in
the foregoing
palontologica1
given
table (p. 154), may now be adopted, as it
brings the English
Upper Cretaceous groups into recognizable parallelism with
their continental equivalents.
G a u 1 t'

(A 1 b i a n).-A dark, stiff, blue, sometimes
sandy or calcareous clay, with layers of pyritous and phos
It
phatic nodules and occasional seams of green sand.
varies from 100 to more than 300 feet in thickness, form
ing a marked line of boundary between the Upper and
Lower Cretaceous rocis, overlapping the latter and
resting
sometimes even on the Kimeridge Clay.
One of the best
sections is that of Copt Point, on the coast near Folke
stone, where the following subdivisions have been estab
lished by Messrs. De Rance and Price:'"

131 For
explanations of these and the other Cretaceous straligraphical terms,,
which have been chiefly founded on the names of continental localities or dis
tricts where the several subdivisions are especially well developed, see the foot
notes on the succeeding pages.
'
"Gault" is a Cambridgeshire provincial name.
'
0. E. De Rance, Geol. Mag. v. p. 163; i. (2) p. 246; F. G. H. Price,
Q. J. Geol. Soc. xxx. p. 342; "The Gault," Svo, London, 1870.
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Upper Greensand.
11. Pale gray many clay, 56 ft. 3 in., characterized by Ammonites
(Sehlönbachia) rostratus (mfiatus), A. Goodlialli, Ostrea Irons,
Inoceramus (Jrispii.
10. Hard pale marty clay, 5 ft. 1 in., with K.ingeria lima, Rostellaria
maxima, Plicatula pectinoides, Pecten raulinianus, Pentacrinus
Fittoni, Cidaris gaultina.
9. Pale gray marty clay, 9 ft. 44. in., with Inoceramus sulcatus, Ammo
nites varicosus, Pholadomya fabrina, Pleurotomania Gibbsii, Sea
phites equa1is.
8. Darker clay, with two lines of nodules and rolled fossils, 9 in., with
Ammonites cnistatus, A. Beudanti, Pholas sanct-crucs, Mytilus
Galliennei, Cuculkea glabra, Cyprina quadrata.
. Dark clay, 6 ft. 2 in., highly fossiliferous, with Ammonites auritus,
Nucula bivirgata, N. ornatissima, Aporrhais Parkinsoni, Fusus
indecisus, Pterocerus bicarinatum.
6. Dark mottled clay, 1 ft., Ammonites denarius, A. cornutus, Turriites
hugardianus, Necrocarcinus Bechei.
Dark
5.
spotted clay, 1 ft. 6 in., Ammonites (Hoplites) lautus, Astarts
dupiniana, Solarium moniliferum, Phasianella ervyana, numerous
"
corals.
Paler
4.
clay, 4 in., Ammonite Delaruei, Natlea obliqua, Dentalium de
,
cussatum, Fusus gaultinus.
3. Light fawn-colored clay, "crab-bed," 4 ft. 6 in., with numerous cara
paces of crustaceans (Paheocorystes Stokesil, P. Broderipii), Pinna
tetragona, Hamites attenuatus.
Dark
2.
clay marked by the rich color of its fossils, 4 ft. 3 in., Ammonites
auritus, Turrilites elegans, Aucyloceras spinigerum, Aporrhais cal
carata, Fusus itierianus, Cerithium tnimonile, Corbula gaultina,
Pollicipes rigidus.
1. Dark clay, dark greensand and pyritous nodules, 10 ft. 1 in., Ammo.
uites interruptus, Crioceras astienianum, Hamites rotundus.
Lower Greensand.
Mr. Price remarks that, out of 240 species of fossils col
lected, by him from the Gault, only 39 are common to the
lower and upper divisions, while 124 never pass up from
The lower
the lower and 59 appear only in the upper.
Gault seems to have been deposited in a sea specially
favorable to the spread of gasteropods, of which 46 species
Of these ordy six
occur in that division of the formation.
of the upper
appear to have survived into the period
Of
Gault, where they are associated with five new forms.
the lamellibranch. fauna, numbering in all 73 species, 39
are confined to the lower division, four are peculiar to the
14 pass up into the upper division,
passagebed (No. 8),
About
where they are accompanied by 16 new forms.
46 per cent of the Gault fauna pass up into the upper
Greensand.'34
'

The forami.nifera of the Gault at Folkestone, with reference to the zones
here given, have been described by F. Chapman, Journ. R. Micros. Soc. 1891,
p. 565; 1892, pp.. 321, 749.
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of

Upper Greenoften greenish in
different horizons
be retained at all,

its use must be accompanied with some
paheontological indi
cation of the true position of the beds to which it is
applied.
According to the researches of Dr. 0. Barrois, the English
Upper Greensand, as originally defined by Berger, Ingle
field, Webster, Fitton, and others, has no such
distinct as
semblage of fossils as might have been supposed from its
lithological characters, but appears to be everywhere divisi
ble into two
groups: a lower containing Ammonites rostra
tus (infiatus), and an
These
upper marked by Pecten asper.
strata are well developed in Devonshire and Somerset.
There the "Blackdown beds" below, linked with the Gault
(of which Godwin-Ansten regarded them as a sandy littoral
representative), contain a numerous fauna, including Ammo
nites, Goodhalli, ilamites alternatus,
Cytherea parva, Venus
submersa, Area glabra,
Trigonia aheforrnis, Pecten lamino
sus, Jamra quinquecostata, J.
quadricostata, J. aquicostata,
conica,
Vermicularia
Exogyra
polygonalis; while the" War
minster beds" above
correspond to the "zone of blaster
nodulosus" of M. Hébert, and the "zone of Pecten
asper"
of Dr. Barrois, and contain Ammonites
(Schldnbachia van
ans, A. Mantelli, A. Ooupei, Belemnites ultimus, Pecten

asper, Ostrea frons (carinata), Terebratella pectita, Terebra
tula biplicata, T. squaniosa, Rhynchonella compressa, R.
latissima,
Pseudodiadema Michelini, Peltastes clathratus,
13

From Ounonianum, the old Latin name of the town Mans in the depart
ment of Sarthe. The old lithological subdivisions of the English Upper Creta
ceons groups have been found to be wanting in paliBontological precision, and are
gradually being supplanted by the terms proposed by D'Orbigny, which have
long been in use in France. These terms are here employed, but their equiva
lents in the old nomenclature will be understood from the table on p. 1 F44. To
M. Hebert geology is mainly indebted for the thorough detailed study and classi
fication to which the Upper Cretaceous formations of the Anglo-Parisian basin
have been subjected. In 1874 he published a short memoir, in which the Chalk
in Kent was subdivided into zones equivalent to those in the Paris basin, Bull.
Soc. Geol. France, 1874, p. 416.
Subsequently the same task was taken up
and extended over the rest of the English Cretaceous districts, by Dr. Charles
Barrois ("Recherehes sur le Terrain Oretace superiour de l'Angleterre et de
l'Irlande," Lille, 1876). The first English geologist who appears to have at
tempted the paheontological subdivision of the Chalk was Mr. Caleb Evans,
"Sections of Chalk," Lewes, 8vo, 1870; for the Geologists' Association. See
also W. Whitaker, "Geology of the London Basin" and "Geolcgy of London,"
A tolerably full bibliogra
In Geol. Survey Memoirs, and authors there cited.
in
Dr.
Barrois'
volume.
phy will be found
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Discoiciea sub ucula, etc.
A tolerably abundant series of
corals has been obtained from the Devonshire Upper Green
sand, no fewer than 21 species having been described.'38

The so-called Greensand of Cambridge (pp. 1635, 15t4),
a thin glauconitic marl, with phosphatic nodules and numer
ous (possibly ice-borne) erratic blocks, was formerly classed
Greensaud,but has recently been shown to
with. the
Upper
be the equivalent of the Glauconitic Marl, forming really
the base of. the Chalk Marl and lying unconformably upon
the Gault, from the denudation of which its rolled fossils
137
have been derived.
L o w e r C h a 1 k.-The thick calcareous deposit known
as the Chalk is classed now in three chief divisions-Lower,
Under the name of Lower Chalk are
Middle, and Upper.
included the groups of the Glauconitic or Ohioritic Marl,
the Chalk Marl, and. the Gray Chalk up to the top of the
zone of Beleninitella plena and base of the "Melbourne
Rock."
Glauconitic

(Uliloritic) Marl.-This name has been ap.
marl lying
plied to a local white, or light yellow, chalky
below the true Chalk, and marked by the occurrence of
grains of glauconite (not chlorite) and phosphatic nodules.
It varies up to 15 feet in thickness.
Among its fossils are
Ammonites laticlavius, A. Cou.pei, A. Mantelli, A. varians,
Nautilus hevigatus, Turi'ilites tuberculatus, Solarium orna
It forms the
turn, Plicatula inflata, Terebratula biplicata.
base of the blaster subglobosus zone.
Chalk Marl is the name given to an argillaceous chalk

the latter is present,
forming with the chioritie marl, where
This subdivision is
the base of the true Chalk formation.
well exposed on the Folkestone cliffs, also westward in the
Isle of Wight, where a thickness of upward of 100 feet has
been assigned to it.
Among its characteristic fossils are
Plocoscyphia mandrina, blaster hevis (var. nodulosus),
Rhynchonella Martini, Inoceramus striatus, Lima globosa,
Plicatula inflata, Ammonites cenomanensis, A. falcatus, A.
Mantelli, A. navicularis, A. varians, Scaphites
equalis,
T urril ites costatus.
At Uu.ustanton in Norfolk, likewise in Lincolnshire and
'

On the literature of the Blackdown beds, see W. Downes, Q. 3. Geol.
Tho corals are
Soc. xxxviii. 1882, p. '15, where a list of their fossils is given.
xxxv.
Geol.
Soc.
90.
Duncan,
J.
p.
described by P. Marn
Q.
'' Jukes-Browne, Q. J. Geol. Soc. xxxi. p. 272, xxxiii. p. 485; "Geology of
Cambridge," Mom Geol. Surv. 1881; Geol. Mag. 18fl.
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Yorkshire, as already (p. 1545) referred to, the "Red Chalk"
-a ferruginous, hard, nodular chalk zone
(4 feet), lies at the
base of the Chalk and rests on the
Upper Neocomian "Oar
stone," the true Gault being there absent,
although it occurs
a few miles further south."'
Its proper horizon has been
the subject of much discussion; but it
probably belongs
to the Chalk Marl.
Bands of red. and yellow chalk occur
in the lower
of the Chalk above the horizon of the
parts
"Red Chalk" in Lincolnshire and Suffolk."'
Gray Chalk. -The lower part of the Chalk has generally
a somewhat
In Bed
grayish tint, often mottled and striped.
fordshire and adjoining counties a band of hard
gray sandy
chalk, from 6 to 15 feet thick,
containing 8 per cent of silica
and in
much glauconite, is known as the Totternhoe
?laces
Stone,"' and forms the base of the
Gray Chalk, which as a
the
stage comprises
paheontological zones of Holaster sub
and
Belemnitella
It attains its fullest de
globosus
plena.
the
shore-cliffs
of
Kent, where it has a
velopment along
thickness of about 200 feet.
According to Mr. F. G. H.
Price,"" it is there divisible into five beds or
sub-stages.
Of these the lowest, 8 feet thick
lower
of
the Am
(=
part
monites varians zone), contains among other fossils Discoidea
subucula, Pecten Beaveri, Ammonites varians; the second
bed (11 feet) contains many fossils, including Ammonites
rothornagensis, A.
varians zone); the

Mantelli,

A.

lewesiensis (= part of A.
third bed (2 feet 9 inches), also abun
dantly fossiliferous, contains among other forms Peltastes
clathratu.s, ilemiaster Morrisii, Terebratula rigida, Rhyn
chonella mantelliana, Ammonites rothomagensis, A. varians;
this and the two underlying beds are regarded as' comprising
the zone of Ammonites rothomagensis and A. varians; the
fourth sub-stage, or zone of blaster subglobosus (148 feet),
contains among its most characteristic fossils Discoidea
cy
lindrica, blaster subglobosus, Goniaster mosaicus, and in
its

upper part Belemnitella plena; the fifth bed, or zone
of Belemnitella plena, consisting of yellowish-white gritty
chalk (4 feet), forms a well-defined band between the Gray
Chalk and the overlying lower subdivision of the White
'

See Whitaker, Geol. Mag. 1883, p. 22; Proc. Geol. Assoc. viii. No. 3,
1883, P. 133. This author gives a full description and bibliography of the Red
Chalk in Proc. Norwich Geol. Soc. i. part vii. 1883, p. 212.
'
A. 3. jukes-Browne, Geol. Mag. 1887, p. 24.
140 For the list of fossils of this bed in Norfolk and Suffolk see Jukes
Browue and W. Hill, Quart. Journ. Geol. Soc. 1881, p. 575.
141 Q J. Geol. Soc. xxiii. p. 436.
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Chalk (Turonian):; it contains few fossils, among which are
Belemnitella plena, Hippurites (Radiolites) Mortoni, Ptychodus.
In Cambridgeshire the Chalk Marl is covered by a band

of harder stone (Totternhoe Stone), passing up into sandy
and then nearly pure white chalk, and these strata, equiva
lents of the Chalk Marl and Gray Chalk, are probably sepa
rated by a pa1onto1ogical and stratigraphical break from
Ac
the next overlying (Turonian) member of the series."'

cording to the original classification of M. Hébert, this zone
of Belemnitella plena is placed at the base of the Turonian
group; by Dr. Barrois it is made the summit of the Ceno
The latter 'view receives support from traces of
manian.
a break and denudation, above this zone in England.
M i d cii e C h a 1 k, T u r o n i a n. '48-This division com
prises the "Lower White Chalk without flints," and. is
marked off at the base by a band of hard yellow and white
nodular chalk, locally known in Cambridgeshire as "rag,"
and termed by geologists the Melbourne Rock.
It is about
8 or 10 feet thick, and forms a convenient band in mapping

out the subdivisions o1 the Chalk.
It contains
Rhynchonella
Cuvieri, Terebratulina sti'iata, Inoceram.us Cuvieri, Spon
dylus striatu s, Ammonites peramplus, etc."'
The

White Chalk of England and northwest France
forms one of the most conspicuous members of the great
Mesozoic suite of deposits.
It can be traced from AM
borough Head. in Yorkshire across the southeastern counties
to the coast of Dorset.

Throughout this long course, its
western edge usually rises somewhat abruptly from, the
plains as a long winding escarpment, which from a distance
often reminds one of an old coast-line.
The upper half of
the deposit is generally distinguished by the presence of
With the exception of these
many nodular layers of flint.

inclosures, however, the whole formation is a remarkably
pare white pulveralent dull limestone,' meagre to the touch,
and soiling the fingers.
Composed mainly of crumbled fo
raminifera, urchins, mollusks, etc., it must have been accu
mulated in a sea tolerably free from sediment, like some of

142 A. J. Jukes-Browne, Geol. Mag. 1880, p.250. See also the same author
in "Geology of the Neighborhood of Cambridge" (em. Geol. Surv.), and Quart.
Journ. Geol. Soc. 1886, p. 216; 1887, p. 544.
'
From Touraine, where the many chalk is well developed.
'4" W. 1111) and A. J. Jukes-Browne, Quart. Journ. Geol. Soc. 1886,
p. 216;
op. cit. 1887, p. 580.
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the foraminiferal ooze of the existing sea-bed.
There is,
however, no evidence that the
depth of the water at all
that
of
the
in
which the present Atlantic
approached
abysses
is
laid
down.
Indeed, the character
globigerina-ooze
being
of the foraminifera, and the
variety and association of the
other organic remains, are not like those which have been
found to exist now on the
deep floor of the Atlantic, but
rather
the characters of a shallow-water fauna."'
present
Moreover, the researches of M. llbert have shown that the
Chalk is not simply one continuous and
homogeneous de
but
contains
evidence of considerable oscillations, and
posit,
even perhaps of occasional emersion and denudation of the
sea-floor on which it was laid down.
The same observer be
lieved that enormous
gaps occur in the Upper Cretaceous
series of the Anglo-Parisian basin, some of which are to be
supplied from the centre and south of France (postea, p.
1564.
ol1owing the modern classification, we find, that the old
subdivision of "Chalk without flints" agrees on the whole
with the Turonian section of the system.
This division, as
above remarked, appears in some places to lie unconform
ably upon the members below it, from which it is further
separated by a marked zoological break.
Nearly all the

Cenomanian species now disappear, save two or three cos
forms.
The echinoderms and brachiopods are
mopolitan
Not only is the base of
entirely replaced by new species.14°
tlrE Turonian group defined by a stratigraphical hiatus, but
its summit is marked by the "Nodular Chalk" of Dover and
the hard Chalk-rock, which appear to indicate another strati

graphical break in what was formerly believed to be an un
The three Turonian paheon
interrupted deposit of chalk.
tological zones, so well established in France, are also
traceable in England.
As exposed in the splendid Kent
cliffs, the base of the English beds is formed by a well
marked band (32 feet) of hard gritty chalk, made up of frag
ments of Inocerami and other organisms.""
Fossils are here
145 Dr. J.
Gwyn Jeifreys shows that the mollusca of the Chalk indicate
comparatively shallow-water conditions; Brit. Assoc. Rep. 1877, Secs. p. 79.
See also Nature, 3d July, 1884, p. 215; L. Cayeux, Ann. Soc. Geol. Nord, xix.
1891, pp. 95, 252. For a general account of the origin of the Chalk, with
special reference to its minuter organisms, see T. R. Jones, Trans. Hertford.
Nat. That. Soc. iii. part 5, 1885, p. 143.
14 Jukes-Browne, Geol.
Mag. 1880, p. 250
14 For an account of the Middle Chalk of Dover see W. Hill,
Quart. Journ.
Geol. Boo. 1886, p. 232.
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Tuoceramus

labiatus

(which begins
Cuvieri, Echinoconus subrotunus,
Above this basement bed lies the
massive Chalk without flints, full of fragments of Inocera
mus labiatus, with I. Cuvieri, Terebratula seniiglobosa, Tere
The
Echinoconus subrotundus,
etc.
bratulina gracilis,
lower 70 feet or so include the zone of Inoceramus labiatus,
the next 90 or 100 feet that of Terebratulina gracilis, and

the upper 50 or 60 feet, containing layers of black flints,
that of Holaster planus.
At the top comes the remarkably
constant band of hard cream-colored limestone known as
the "Chalk Rock," varying from a few inches to 10 feet
in thickness.
Its upper surface is generally well defined,
sometimes even suggestive of having been eroded, but it
'48
shades down into the Lower Chalk.
Senoriian'4°
Chalk with
Chalk,
(Upper
Upper

massive formation is composed. of white,
pulverulent, and usually tolerably pure chalk, with scat
tered flints, which, being arranged in the lines of deposit,
serve to indicate the otherwise indistinct stratification of the
flints).-This

mass.

It has been generally regarded by English geologists
as a single formation, with great uniformity of lithological
characters and fossil contents.
Mr. Whitaker, however,
showed that distinct lithological platforms occur in it, and
later researches, especially by MM. Ubert and Barrois,
brought to light in it the same zones that occur in the Paris
basin.

Of these the lowest, or that of the Micrasters (Broad.
stairs and St. Margaret's Chalk), is most widely
the
spread,
suffered
most
from
It
is
others having
denudation.
well ex

posed along the cliffs of Kent at Dover, and also in the Isle
of Thanet.
At Margate its thickness has been ascertained
It contains two zones, in the
by boring to be 265 feet.
lower of which the characteristic urchin is Micraster cor-tes
tudimrium, while in the upper it is M. cor-anguinum.
Near
the top of the Micraster group of beds in the Isle of Thanetibo
lies a remarkable seam of flint about three or four inches
thick, forming a nearly continuous floor, which has been
traced southward at the top of the cliffs between Deal and
Dover.
Again, on the coast of Sussex, what may be nearly
the same horizon in the Chalk is defined by a corresponding
148 Whitaker, Mem. Geol. Surv. iv. p. 46; Jukes-Browne, Geol. Mag. 1880,
p. 254. A similar band occurs in Normandy.
14 From Sons in the department of Yonne.
160 F. A. Bedwell, Geol.
Mag. 1814, p. 16.
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band of massive flattened flints.
The traces of emersion and
erosion observed by M. llbert in the Paris Chalk are re
garded by Dr. Barrois as equally distinct on the English side
of the Channel, in the form of surfaces of hardened and cor
roded chalk.
One of these surfaces marks the
upper limit
of the Micraster group on the Sussex coast, where it consists
of a band of yellowish, hardened, and corroded chalk about
six inches thick,
containing rolled green-coated nodules of
chalk.."'
A similar hardened, corroded band. forms the same

limit in the Isle of Thanet.
Among the fossils of the Mi
crastei' division the following may be mentioned: Micraster
cor-testuclinarium, M. cor-anguinum, Cidaris
clavigera, Echi
n ocorys vulgaris, Echinoconus conicus,
Epiaster gibbus
Terebratulina
Terebratula
Otrea
gracilis,
semiglobosa,
vesicularis, Inoceramus involutus.
The middle subdivision, or
Margate Chalk, has been
named the Marsupite zone by Dr. Barrois, from the abun
dance of these crinoids.
It attains a thickness of about 80
feet in the Isle of Thanet, where it contains few or no flints,
and upward of 400 feet in the
Hampshire basin, where flints
are numerous.
Among its fossils are PorosphEeria globularis, Bourgueticrinus elliptic us,
Marsupites ornatus, M.
Micraster cor-angain urn, Echinoconus conicus, Echino
Mi-ler,
corys valgaris, Ciclaris clavigera, 0. sceptrifera, Thecidium
Wetherelli, Terebratu.la semiglobosa,
Rhynchonella plica
this, Terebratulina stniata,
Spondylus (Lima) spinosus, S.
Pecten
cretosus, Ostrea vesicularis, 0. hip
dutempleanus,
Inocerarnus
popodium,
lingua (and several others), Belemni
tella vera? B. Mereeyi, Ammonites
1etophy1lus.
The highest remaining
group, or Norwich Chalk, forms
the Belernnitella zone so well marked in northern
Europe.
It attains a thickness of from 100 to 160 feet in the
Hamp
shire basin, is absent from that of London, but
reappears in
Norfolk, where it attains its greatest
it is at
development,
Norwich a white crumbling chalk with layers of black flints.
Among its fossils are Parasmilia centralis, Trochosmilia
laxa, Cyphosoma magnificurn, Salenia
geometrica, Echino
corys vulgaris, Rhynchonella octoplicata, R. limbata, Tere.
bratula carnea, T. obesa, Ostrea lunata, Belemnitella mucro
nata, B. quadrata.
The uppermost division, or Danian,162 of the Continental
Chalk appears to be absent in
England, unless its lower
'

Barrois, "Terrain Cretace de 1'Angeterre," etc. 1876, p. 21.
So named from its development in Denmark.
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some of the uppermost beds of
portions are represented by
the Norwich Chalk.
The Cretaceous system is sparingly represented in Ire
Under the Tertiary basaltic plateau of
land and Scotland.
Antrim there lies an interesting series of deposits which
their English
lithological aspect differ greatly, from
their fossil contents can be
equivalents,. aud yet from
They, are thus
satisfactorily paralleled with the latter.
in

arranged:`

Hard white limestone 65 to 200 feet = zone of Belemnitella m u or 0- )
nata.
ri
I
" 16 "
"
is
64
.
13
Marsupites.
Glauconitic (Chioritic)
I 50
"
"
"
Micrasters.
6
Chalk . " . . . 3
)
.
Holaster planus.
Glauconitic (Ohioritic) .
"
"
"
16
Terebratulina gracifis.
sand and sandstone . 3
Gray marls and yellow
sandstones .
.
.
. 3 "
"
Glauconitic sand
. . 6

30
10

"
"

"
41

HolasLer subglobosus.
Pecten asper.

1

.

J

In the west of Scotland, also, relics of the same type of
Cretaceous formations have been preserved under the vol
canic plateaus of Mull and Morven.
They contain the fol
lowing subdivisions in descending order:'"
.
.
White many and sandy beds with thin seams of lignite .
Bard white chalk with Belemnitella mucronata, etc.
.
.
.
.
.
Thick white sandstone with carbonaceous matter
.
.
Glauconitic sands and shelly limestone, Pecten aper, Exogyra conica,
.
Janiro quinquecostata, Nautilus deslougehampelanus, etc.
France

20 feet
10 "
100 "
60

"

and

Belgium."'-The Cretaceous system so exten
sively developed in western Europe is distributed in large
basins, which, on the whole, correspond with those of the
113 Barrois,
R. Tate, Q. J. Geol. Soc. xxi. p. 15.
op. cit. p. 216.
'" Judd,
1T.
Geol.
Soc.
xxxiv.
Q.
p. '36.
155 The Cretaceous
has
been
the subject of prolonged study by the
system
of
France,
and
has
rise
to
considerable differences of nomencla
given
geologists
The
main
subdivisions
and
named by D'Orbigny have been
ture.
recognized
But
of
great diversity
opinion exists a to the names and
generally adopted.
limits of the lesser groups. There has been a tendency to excessive elaboration
of subdivisions.
The minor sections of the geological record must always be
of but local significance, and it is to be regretted when they are treated as of
M. Hebert refrained from burdening geological nomen
any higher importance.
clature with a long list of new names for local developments of strata, content
ing himself with. employing D'Orbigny's names for the formations or sections,
and subdividing these into upper, middle and lower stages.
The student will
find some of the rival systems of classification collected by Mr. Davidson, Geol.
Mag. vi. 1869.
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Thus in France, there are the basins of
chief rivers.
the Seine or of Paris, of the Loire or of Touraine, of the
Rhone or of Provence, and of the Garonne or of
Aquitania,
including all the area up to the slopes of the Pyrenees.
In most cases, these areas
such lithological and
present
palaontologica1 differences in their Cretaceous rocks as
to indicate that they may have been to some extent even
in Cretaceous times distinct basins of deposit.
A twofold subdivision of the system is followed in
France, but with a difference of nomenclature and partly
also of arrangement from that in use in England, as shown
in the subjoined table:
(See Table on page 1560.)
From this table it will be perceived how marked a litho
logical difference is traceable between the Cretaceous de
The northern
posits of the north and south of France.
area indeed is linked with that of England, and was evi
dently a part of the same great basin in which the English
But in the south, the
Cretaceous rocks were deposited.
aspect of the rocks is entirely changed, and with this
change there is so marked a difference in the accompany
ing organic remains as to indicate clearly the separation of
the two regions in Cretaceous times.
INFRA-CRfTAC.-N e o c o ml a n. '50-T his division is well
seen in the eastern part of the Paris basin.
The lowest clark
marl, resting irregularly on the top of the Portlandian series,
indicates the emersion of these rocks at the close of the
Jurassic period.
It is followed by ferruginous sands, cal
careous blue marl, spatangus-limestones, and yellow mans
(abounding in Toxaster complanatus, Exogyra Couloni,
Pterocera pelagi, Amrn. radiatus, etc.), the whole having
a thickness of 125 to 140 feet, and representing chiefly the
Much more important is
upper or ilauterivian sub-stage.
the development of the Neocomian deposits in the southern
half of France.
They present there evidence of deeper water
at the time of their formation.
The Neuchtel type (p. 1570)
is prolonged into the northern part of Dauphin, where it is
16 See D' A.rehiac, Mern. Soc. Geol. France, 2e ser. ii,
p. 1; Baulin, op. cit.
p. 219; Ebray, Bull. Soc. Geol. Prance, 2e ser. xvi. p. 213; xix. p. 184; Cornuel,
Bull. Soc. Geol, France, 2e ser. xvi. p. '142; 3e ser. ii. p. 3'1l; Hebert, op. cit.
2e ser. xxiv. p. 323; xxviii. p. 13'l; xxix. p. 394; Coquand, op. cit. xxiii. p.
561; Rouville, op. cit. xxix. p. '123; Bleicher, op. cit. 3e ser. ii. p. 21; Toucas,
op. cit. iv. p. 315.
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[I. fwui mm Biazmi.

Garumnlen.1'
.

Maestricbtlen.2 Calenire a flaculites du Cotentin. Crab (Is C1pI Maes.
trloht.

I
0
0
d

Calcaires marneuxa Hemfpnsustet.

Crab do Meudon.
Crabs do Retina.

Caleafree A grands rudlates.
Marnea et cab. t'& HippurUea dUoLotus.

8antonIe.4

Crate A MarsupItu.
Crate A Mior. cor-angieinum.
Crate A M; cr-tcbindLuim.
Crate A M brevis.

Calcaires A hinpurites.
Ores a éclilnidea.
Calcaires A hippuritea.
Ores a Micrasecr brcvis,
Coucbes A HippuDiLes urehert.

Angoumben.5

Crate A Mic?. bravLporus.
Orate A Tereb.

Ca ft Hippurues cornut?acctnnm
et grês Inf. do Monas.
Cab. A Biradloiiies coriupastorts.
Orèad'Uchaux.

Ltgérlen.O

Orate
neuse A tnoceranwa
abla=.'

Marne A nucleoiites.
Caic. A 4mm. nodoeo-Lds.

Carentonien.7

Crale A Belem. ptsna.
Couche fosstlifère do Bones.
Tourtia de Mons.

Cole. A Capina odi,erscz. et grèe do
Mondxagon.

Rothmnag1en.8 Crate glauconleuse A Pecten
per. 4mm. (Acanthoceras)
tefli. Gaize eupériéure
du Bray.

-

Calcafre a J4Jchnus do Rognac.
Orals a Ilguites de Fuveau.

Cauzlanben.5

o

Zone A Anorthopygus orbicular,.
Zone A 4mm. Mantefli.

JUBA *D HAM MASSE.

a
.4
U

Calcaire pisolitique.

PRovzo!.

'""
La.C3

93

.
Z

Sables A 4mm. i&fiatua (Yraconnien)) Oaize do
lArgonne.
ArgUes, calcairea sables (4mm. Lutna1 A.
mamiRaru).

Calcaire glauconieuj do Clan.
sayes (Des,noceras, Amm. in.
Ores et calcafres de Clara A Amm.
Lycili.

Sables A 4mm. mifletiawus.

Maines i Be(rn. senjcjal&
ArgUes A Anon. Ni.sua.
Calcaire A Ancijloceraa Mathcromt.
Cab. marneux A Plicatules.

Calcaire. &c., A Pllcatulos.
Marnes A Orbltolines et Calcafree A Ptérocéres
et a. Requienia Lonsdaiei (Rhodaulen).
Calcaire A Rcq)Lionia ammwLa.

Calcaire ft Requicn.icz Lonsdatoi.
Calcaire A &.apliitcs Yvani at
Crioccres.

Hauterivlcn.12
(12 metres).

Caicairo Jauno (NouchAtel);
Marues et cute. A Spatanguea.
Marnes do .flauterive.

Calcairea A Criocerae Duvali et
Belemnltcs pisti1lVornis.
Marnes et Calcaires mai,teux A
mninouitea ferrugincuses.

Valenginien.'2
(50 -130 metree).

Limonite do Métablef et Calcairo roux A Pygwrus rontrains, Bcie,nnites pistilli.
fOflnl8, B dllatatns.
Calcaire A Strornbua Sautleri
(NcUca Leviathan), Nerlnea
gigantea.
" For footnotes see neXt iage.
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seen in a group of limestones, with
Exogyra Couloni, etc.,
in the lower, and Toxaster
complanatus, etc., in the upper
beds.
Southward the limestones are
mostly replaced by
mans, and. the whole at Grenoble reaches a thickness of
more than 1600 feet, resting on the upper Jurassic lime.
stones, with Terebratula diphyoicles.
13 r g o n i a n.-In the
typical district of the lower valley
of the Durance, this subdivision consists of massive lime
stones (1150 feet) with Belemnites latus, B. dilatatus, in
the lower part; Toxaster
complanatus, Exogyra Couloni,
Janira atava, etc., in. the central thickest portion; and
Toxaster ricordeanus, Ancyloceras, Crioceras, etc., in the
The Caprotina limestone of Orgon
upper band.
(whence
the name of the type was taken) is a massive white rock,
sometimes 1000 feet thick, marked by the abundance of its

hippuritids, Requienia (Caprotina) ammonia, R. Lonsdalei,
R. gryphoides, gigantic forms of Nerina, and corals.
In
the northern Cretaceous basin, the Urgonian stage
appears as
a series of sands and clays which in Haute Marne are from
60 to 80 feet thick, and contain Toxaster nicordeanus, etc.
A p t i a n.-In the typical district round
Apt in Vau
cluse, this stage consists of a lower group of blue mans
(Marnes de Gargas), with Plicatula placunea, Amm. Nisus,
A. Dufrenoyi, followed by a many limestone with Ancy
loceras renauxianus, Ostrea aquila.
These beds swell out
in the Bedoue to a thickness of 650 feet.
One of their
most distinctive characters is the prominence of the cephal
In northern
opods of the Aneyloceras (Orioceras) type.
France the Aptian stage is chiefly clay, with Plicatula pla
cunea, P. radiola, hence the name "Argue
Plicatules."
Near St. Dizier, the lower beds are characterized by Terebra
tam. sell., -Ostrea aquila; the middle by Amm. cornuelianus,
Aneyloceras Matheroni; the upper by Amm. Nisus, A.
Deshayesi.
A I b i a n. '-In the eastern part of the Paris basin, this
151 See, besides the works
already cited, Barrois, Bull. Soc. Geol. France,
2e ser. iii. 107; Aim. Soc. Geol. du Nord. ii. p. 1; Renevier, Bull. Soc. Geol.
France, 2e ser. ii. 104.
1 From the Haute Garonue, where the
deposits are typically developed.
Well seen at Maestricht.
From Champagne.
6 From
From. Santonge.
Angouléme.
' From the basin of the Loire.
' From the Charente.
8 From Rouen
° From the
(Rothomagus).
Department of the Aube.
10 From
11
in
From
Vaucluse.
near Aries.
Apt
' From Hauterive, on the Lake of Neuchte1 Orgon,
(see
p.
1570).
13 From the Chateau de
Valengin, near NcuchLtel, Switzerhud (see p. 15'Z).
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green pyritous sandy member
(Sbles verts), 30 feet thick, covered by an upper argilla
These
ceous band which represents the English Gault.
northern
and
deposits continue the English type round the
have
been
found
eastern margin of the Paris basin.
They
In the valley of the
also in deep wells around Paris.
Meuse and in the Ardennes, this stage consists of three
subdivisions: (1) a lower green sand (Amm. mamillaris),
with phosphatic
nodules; (2) a brick clay with Amm.
lautus, A. tuberculatus; (3) a porous calcareous and argil
stage

consists

of

a

lower

laceous sandstone known as Gaize, containing a large per
centage of silica soluble in alkali (Atnm. inflatus, etc.).
The English type of strata from the Weald. upward is
also prolonged into France.
Fresh-water sands and clays
(with Unio and Cyrena), found above the Jurassic series
in the Boulonnais, evidently represent the Weald, and are
covered by dark green clays and sands (with Ostrea aquila),
which are doubtless 'a continuation of the Folkestone beds,

and by a thin blue clay which represents the Gault. Again,
in the Pays de Bray, to the west of Beauvais, certain sands
and clays resting on the Portlandian strata
the
represent
Wealden series, and are followed by others which may be
paralleled with the Urgonian, Albian, and Gault.'8
In Belgium the Cretaceous system is underlain by certain
clays, sands, and other deposits belonging to a continental

period of older date than the submergence of that region
beneath the sea in which were deposited the uppermost
Neocomian beds.
These scattered continental deposits have

been grouped under the name of Aachenian.'
That at
least some part of them belongs to older Neocomian time,
and. may be coeval with the Weald, may be inferred from
the remarkable discovery at Bernissart, already alluded
to, where, in a buried system of Cretaceous ravines, the
reptilian and ichthyic life of the time has been well pre
served (ante, p. 1534).
CRETACE.-The Upper Cretaceous rocks of France have
been the subject of prolonged and detailed study by the
The northern tracts form part
geologists of that country."'

158 Wealden
deposits have been described as occurring even as far south as
the province of Santander, Spain. A. Gonzalerz do Linares, Anal. Soc. Esp.
Hist. Nat. vii. 487, 1878.
159 On the Aaehenian deposits see Dumont, "Terrins Cretaces et Terti
aires" (edited by M. Mourlon, 1878), vol. i. pp. 11-52.
160
As already
Notably by MM. Robert, Toucas, Coquand and Cornue!.
stated, considerable differences exist amoug French and Swiss geologists as to
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which the upper Cretaceous
were laid down.
The same
even in great measure the
prevail over the whole of
to the northern Cretaceous

province of Europe.
Apparently only during the early part
of the Cenornanian period, that of the Rouen Chalk, did the
Anglo-Parisian basin communicate with the wider waters to
the south, which were bays or
gulfs freely opening to the
main Atlantic.
In these tracts a notably distinct type of
Cretaceous deposits was accumulated, which,
being that
of the main ocean, covers a much
larger geographical area
and contains a much more widely diffused fauna than are
presented by the more limited and isolated northern basin.
There are few more striking contrasts between
contempo
raneously formed rocks in adjacent areas of deposit than that
which meets the eye of the traveller who crosses from the
basin of the Seine to those of the Loire and Garonne.
In
the north of France and Belgium, soft white chalk covers
wide tracts, presenting the same
lithological and scenic
characters as in England.
In the centre and south of
France, the soft chalk is
replaced by hard limestone, with
This mass of
comparatively few sandy or clayey beds.
limestone attains its greatest development in the southern
part of the department of the Dordogne, where it is said
to be about 800 feet thick.
The lithological differences,
however, are no greater than those of the fossils.
In the
north of France, Be1ium, and. England, the
singular mol
luscan family of the
or
Rudistes appears only
ippuritid
and
in.
the
Cretaceous rocks, as if
occasionally
sporadically
a stray individual had from time to time found its
way into
the region, but without being able to establish a
colony
there.
In the south of France, however, the
hippurites
occur in prodigious
often
quantity,
mainly composing the
lirnestones, hence called
hipparite limestone (Rudisten
Kalk).
attained
a
They
great size, and. seem to have
the nomenclature and the lines of demarcation between the upper Cretaceous
formations, arising doubtless in great part from the varying aspect of the rocks
themselves, according to the region in which they are studied. I have followed
mainly M. Hebert, whose suggestive memoirs ought to be carefully read by the
student.
See especially his "Ondulations do Ia Crab dans le Bassin de Paris,"
Bull. Soc. Geol. France (2), xxix. 1872, p. 446; (3), iii. 1875, p. 512; and Ann.
Sci. Geol. vii. 1876; "Description du Bassin d'tichaux," Ann. Sal. Geol. vi.
1875; "Terrain Cretace des Pyronees," Bull. Soc. Geol. France (2), xxiv. 1867,
p. 323; (3) ix. 1880, p. 62.
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grown on extensive banks, like our modern oyster.
They
in
on
the
different
of
the
successive species
stages
appear
Cretaceous system, and can be used for marking palon
tological horizons, as the cephalopods are employed else
where.

But while these

lamellibranchs played so impor
tant a part throughout the Cretaceous period in the south
of France, the numerous ammonites and belemnites, so charof

the Chalk in
comparatively rare there.

the Anglo-Parisian basin, were
The very distinctive type of
hippurite limestone has so much wider an extension than
the northern or Chalk type of the upper Cretaceous system

that it should be regarded as really the normal development.
It ranges through the Alps into Dalmatia, and round the
great Mediterranean basin far into Asia.
C e n o m an i a n (Craie glauconieuse).-Accord ing to the

classification of M. llbert this stage is composed of two sub
stages: 1st, Lower or Rouen Chalk, equivalent to the Upper
Greensand and Gray Chalk of England.
In the northern

region of France and Belgium this sub-stage consists of the
following subdivisions: a, a lower assise of glauconitic beds
like the English Upper Greensand, containing Ammonites
inflatus

below and Pecten asper above (Rothornagian sub.
stage); b, Middle glauconitic chalk with Turrilites tuber
culatus, blaster carinatus, etc., probably equivalent to
the English Glauconitic Marl and Chalk Marl; c, Upper
hard, somewhat argillaceous, gray chalk with blaster sub
globosus; the threefold subdivision of this assise, already
given, is well developed in the north of France; ci, Calca.

reous marls with Belemnitella plena (Carentonian sub-stage)
2d, Upper or marine sandstone; according to M. llbert this
sub-stage is wanting in the northern region of France, Eng
In the old province of Maine it consists
land, and Belgium.
of sands and mtrls with Anorthopygus orbicularis, Exogyra
(Ostrea) columba, Trigonia, and Ostrea. Further south these
strata are replaced by limestones with hippurites (Caprina
adversa), which extend up into the Pyrenees and eastward
across the Rhone into Provence."'
T u r o n i a n (Oraie marneuse).62-This stage presents a

161 See a memoir on the Upper Cretaceous Rocks of the basin of Uchaux
(Provence) by Hebert and Toucas, Ann. Sciences Geol. vi. 1875.
For a review and parallelism of the Turonian, Senonian1 and Danian
stages in the north and south of Europe see Toucas, Bull. Soc. Geol. prance,
3me ser. x. 1882, p. 154; xi. p. 344; xix. p. 506; for a general description of
the formations in the southeast of France, see Fallot, Ann. Be!. Gaol. xviii. 1,
1885, and Bull. Soc. Geol. France (3), xiv. 1886, p. 1.
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very different facies according to the part of the country
In the northern basin, according to
where it is examined.
M. Hbert, only its lower portions occur, separated by
a notable hiatus from the base of the Senonian stage, and

consisting of many chalk with Inoceramus labiatus, I.
Brongniarti, Ammonites nodosoides, A. peramplus, Tere
bratulina gracilis (Ligenian sub-stage).
He placed the zone
of blaster planus at the base of the Senonian stage, and
believed

that

in

the

hiatus

between it and the Turonian
beds below the greater part of the Turonian stage is really
On the other hand, Dr. Barrois and
wanting in the north.
others would rather regard the zone of blaster planus as
the top of the Turonian stage (Anoumian sub-stage).
In
the north of France, as in England:' it is a division of the

White Chalk, containing Ammonites peramplus, Scaphites
Geinitzii,
Spondylus spinosus, inoceramus inquivalvis,
Terebratula semiglobosa,
blaster plan us, Ye ntricu.lites
moniliferus, etc.
Strata with Inocerarnus labiatus, mark
ing the base of the Turonian stage, can be traced through
the south and southeast of France into Switzerland.
These
are overlain by mans, sandstones, and massive limestones
with Exogyra columba and enormous numbers of
hippurites
tes
urn,
Radiolites
cornuvaccin
(ilippuri
cornu-pastoris, etc.).

These hippurite limestones sweep across the centre of Eu
rope and along both sides of the great Mediterranean basin
into

Asia, forming one of the most distinctive landmarks
for the Cretaceous system.
S e n o n i a n.-This stage is most fully developed in the
northern basin, where it consists mainly of white chalk
separable into the two divisions of: 1st, Micraster (Santo
nian) sub-stage composed of chalk beds, in the lower of
which

Micraster cor-testuclinanium, and. in the upper M.
The same palonto
cor-anguinum is the prevalent urchin.
logical facies occurs in this and the other group as in the
2d, Be
corresponding strata of England already described.
lemnitella (Campanian) sub-stage, with B. qu.adrata in a
lower zone, and B. mucronata (Meudon Chalk) in a higher.
In the south and southeast of France the corresponding beds
consist of limestones, sandstones, and mans, with abundant
hippurites, and also include some fresh-water deposits and
beds of lignite.
D a n i a n.-This subdivision of the Cretaceous system is
In the dotentin,
specially developed in the northern basin.
a limestone
and

with

other fossils

Baculites

has

anceps,

Scaphites
been. paralleled with. the

constrictus,
Maestricht
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In the neighborhood of
Chalk (Maestrichtian sub-stage).
Paris and in the department of Oise and Marne, a rock long
known as the Pisolitic Limestone occurs in patches, lying
unconformably on the White Chalk (Garuranian sub-stage).
The long interval which must have elapsed between the
this limestone is indicated not
highest Senonian beds and
erosion of the chalk previous
only by the evidence of great
to the deposit of the limestone, but also by the marked
between the two rocks.' The general
palaontological break
resembles that of the older Tertiary for
aspect of the fossils
mations, but among them are some undoubted Cretaceous
In the southeast of Belgium, the Danian stage is
species.
well exposed, resting unconformably on a denuded surface
In Hainault, it consists of successive bands of
of chalk.
some of which there are
yellowish or grayish chalk, between
surfaces of denudation, with perforations of boring mollusks,
so that it contains the records of a prolonged period (Chalk
Nouvelles,
of St. Vaast, Obourg,
Spienne, and Ciply).
mucronata, Baculites
Among the fossils are Belemnitella
Harnites, or
Faujasii, Nautilus Dekayi (but no Ammonites,
T urrilites), Inoceramus C uvieri, Os trea fi abelliformis, 0.
lateralis, 0. vesicularis, Crania ignabergensis, Terebratulina
striata, Fissurirostra Pal issii (characteristic), Radioli tes ci p
in great numbers, Echi
lyanus, Esehara several species and
The well-known
nocorys vulgatus, blaster granulosus.
chalk of Maestricht is equivalent to part of these strata, but
appears to embrace also a higher horizon containing Hemip.
neustes striato-radiatus, Crania ignabergensis, Terebratulina
striata, Fissurirostra peetiniformis, Ostrea lunata, 0. vesicu
laris, Janira quadricostata, and numerous remains of Mosa
saurus and. of chelonians, together with Voluta fasciolaria,
and other characteristically Tertiary genera of mollusks.""
Similar strata and fossils occur at Faxoe, Denmark, and in
The terrestrial flora in the highest
the south of Sweden."'
Cretaceous series at Aix-la-Chapelle has been already re
ferred. to (p. 1522).
The Danian stage is likewise represented in the south of
Toward the west
France in some strongly contrasted forms.
it consists of many, chionitic, and compact lirnestones (about
650 feet thick:) with a marine fauna, including Nautilus dani163 Dumont, "Mom. Terrains Cretaces," etc. 188; Motu'lon, "Geol. do Ia
Belgique," 1880.
'" Robert, Bull. Soc. Geol. France (3), v. 645; Lundgren, op. cit. x. 1882,
p. 456.
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CUB, Ananchytes, Micraster tercensis, etc.
Eastward, how
ever, in Provence there is evidence of a
gradual shallowing
of the U]?per Cretaceous sea in Oenomanian and. Turonian
time, until that area had. become a fluviatile or lacustrine
tract, in which during the later
stages of the Cretaceous
a
mass
of
fresh-water
strata
more
than 2600 feet thick
period
was accumulated.
This enormous
development of strata
consists of limestones, mans, and
lignites.
Cermany.-The Cretaceous deposits of Germany, Denmark,
and the south of Sweden were accumulated. in the same
northern
province with those of Britain, the north of France,
and Belgium, for they present on the whole the same
pa1on
tological succession, and even to a considerable extent the
same lithological characters.
it would appear that the west
ern part of this region began to subside before the eastern,
and attained a greater amount of depression beneath the sea.
In proof of this statement, it may be mentioned that the
Neocomian clays of the north of England extend as far as
the Teutoburger Wald, but are absent from the base of the
Cretaceous system in Saxony and Bohemia.
In northwest
Neocomian
strata,
under
the name of his, appear
Germany,
at many points between the Isle of
Heligoland (where repre
sentatives of part of the Speeton Clay and the Hunstanton
Red Chalk occur) and the east of Brunswick, indicative of
what was, doubtless, originally a continuous
In
deposit.
Hanover, they consist of a lower series of
conglomerates
(Hils-conglomerat), and an upper group of clays Hils-thon).
Appearing on the flanks of the hills which rise out of the
great drift-covered plains, they attain their completest de
velopment in Brunswick, where they attain a total thickness
of 450 feet, and consist of a lower
group of limestone and
sandy mans, with Toxaster coniplanatus, Exogyra Couloni
Ammonites bidichotornus, A. astienianus, and.
(sinuata),
other
fossils; a middle group of dark blue clays with
many
Belemnites brunsvicensis, Ammonites Nisus, Orioceras
(An.
cyloceras) Ernerici, Exogyra Couloni (sinuata), etc., and an
upper group of dark and whitish many clays with Ammo
nites Martini, A. Deshayesi, A. Nisus, Belemnites Ewaldi,
Toxoceras royerianum, Crioceras, etc."'
Below the ills
thon in Westphalia, the ilarz, and. Hanover, the lower parts
116A. von Strombock, Zeitsch. Deutsch. Geol. Ges. i. p. 462; x. 20; N.
Jahrb. 1855, pp. 159, 644; Judd, Q. J. Geol. Soc. xxvi. p. 343; Vacek, Jahrb.
Geol. Reichsanst. 1880, p. 493.
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of the true marine Neocoinian series are replaced by a mas
sive fluviatile formation corresponding to the English Weal
den, and divisible into two groups: 1st, Deister sandstone
feet), like the Hastings Sand of England, consisting of
(150
fine light yellow or gray sandstone (forming a good building
material), dark shales, and seams of coal varying from mere
and even more than
partings up to workable seams of three,
six, feet in thickness.
These strata are full of remains
of terrestrial vegetation (E quiset urn, Baiera, Oleandridium,

Anomozamites,
Pterophyllum,
Lacopteris,
Sagenopteris,
of fresh-water
conifers),
also
shells
Podozarnites, and a few
genera (Cyrena, Paludina, cyprids, and remains of Lepido
tus and other fishes; 2d, Weafd Clay (65-100 feet) with thin
Melania,
layers of sandy limestone (Cyrena, TJnio, Paludina,
The Gault (Aptian and Albian) of north
Cypris, etc.)."'
The
western Germany contains three groups of strata.
lowest of these consists of blue clays with Belemnites
brunsvicensis, Amm. (Acanthoceras Martini, A. (Hoplites)
Deshayesi, followed by white marl with Belem. Ewaldi.
The middle consists of a lower clay with the zone of Am
monites (Acanthoceras) milletianus, and an upper clay with
The highest contains at its
Arnm. (iloplites) tardefurcatus.
base a clay with Belemnites minimus, and at its top the
widely diffused and characteristic "Flammenmergel"-a ale
of
clay with dark flame-like streaks, containing the zone*
Ammonites (Sch1önbachia inflatus, Amm. (Hoplites) lautus,
etc."'

stone.

In the Teutoburger Wald the Gault becomes a sand.

rocks of Germany present the
greatest lithological contrasts to those of France and Eng
land, yet they contain so large a proportion of the same fos
sils as to show that they belong to the same period, and the
'°
same area of deposit
The C e n o m a n i a n stage consists
The

Upper

Cretaceous

186 w Bunker, "Ueber den norddeutsch. WiUderthon, u. s. w.," Cassel,
1844; Bunker and Von Meyer, "Manographie der norddoutsch. Wälderbildung,
u. s. w..," Brunswick, 1846; Heinrich Credner, "Uebor die 0-liederung der
oberen Jura und der Wealdenbildung in nordwestlichen Deutsehiand," Prague,
1863; 0. Struckmann, "Die Wealden-Bildungen der Umgegend von Hannover,"
1880; A. Schenk on the Wealden Flora of North Germany, Pahuontographica,
xix. xxiii.
167 Geol.
A. von Strombeck, Zeitsch. Deutsch. Geol.
Mag. vi. 1869, p. 261.
Gee. xlii. 1890, p. 55.
188 on the distribution of the Cephalopods in the Upper Cretaceous rocks
of north Germany, see C. Schlüter, Zeitsch. Deutsch. Geol. Gee. xxviii. p. 457
(see Geol. Mag. 1871, p. 169), and Palaontographiea, xxiv. 123-263, 1816.
For the Inocerami, Zeitsch. Deutseh. Geol. Gee. xxix. p. 735.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
BTRATIGRAPHJCAL

GEOLOGY

1569

in Hanover of earthy limestones and mans (Plner), which
traced southward are replaced in Saxony and Bohemia
by
glauconitic sandstones (U uter-Quader) and limestone (Unter
Plänerkalk).
The lowest parts of the formation in the
Saxon, Bohemian, and Moravian areas are marked by the
occurrence in them of clays, shales, and even thin seams of
coal Pflanzen-Quader), containing abundant remains of a

terrestrial vegetation which possesses great interest, as it
contains the oldest known forms of hard-wood trees (willow,
ash, elm, laurel, etc.).
The T u r on ian beds, traced east
ward, from their chalky and many condition in the
Anglo.
Parisian Cretaceous basin, change in character, until in.
Saxony and Bohemia they consist of massive sandstones
(Mi ttel Q nader) with limestones and mans (Mittel-PUrier).
In these strata, the occurrence of such fossils as Inoceramus
labiatus, I. Bro ngniarti, Ammonites perampi us, Scaphites
Gei nitz ii, S po n dy lus
(Lima) spi nos us, Terebratula semig lo.
bosa, etc., shows their relation to the Turonian stage of the
west.
The S e n o n i a n'°9 stage presents a yet more extraor
The soft
dinary variation in its eastern prolongation.
upper
Chalk of England, France, and Belgium, traced into
est
phalia, passes into sands, sandstones, and calcareous mans,
the sandy strata increasing southward till they assume the
gigantic dimensions which they present in the gorge of the
Elbe and throughout the picturesque region known as Saxon

Switzerland (Ober-Quader).
The horizon of these strata is
well shown by such fossils as Beleninitella quadrata, B.
mucronata, Nautilus danicus, Marsupites ornatus, Bourgue
ticrinus ellipticus, Crania ignabergensis, etc.
At Aix-la-Chapelle an exceedingly interesting develop
ment of Upper Cretaceous rocks is exposed.
These strata,
referable to the Senonian stage, consist of a lower group of
sands with Belemnitella quacirata and abundant remains of
'"
terrestrial vegetation (p. 1522),
and an upper group of marl
and many chalk with Belemnitella mucronata, Grypha
vesicularis, Crania ignabergensis, Mosasaurus, etc.
Switzerland

and

the

Chain

of

the Alps. "-This

area is in.

189 German
geologists commence the Senonian with the zone of Be1emnite1l
the
SouoniLn of Hebert.
upper
quadrata,
110 For a list of these
plants see II. von Dechen, "Geol. Pahiont. Uebersicht
der Rheinprovinz," etc., 1884, p. 427.
171 Studer's
"Geologie der Schweiz"; Gumbel, "Geognostische Beschreib.
Bayer. Alpen," vol. i. p. 517 et seq.; "GoognosLisehe .Beschreib. des Ostbayer.
Grenzegebirg," 1868, p. 697; Jules Marcou, Mem. Soc. Geol. France (2), iii.;
P. de Loriol, "luvertebres de l'Etage Neocomien moyen du M. Saleve,"
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eluded in the southern basin of deposit.
In the Jura, and
es ecially round Neuchfitel, Neocomian beds are typically
dv
ep eloped.
This stage and its two sub-stages have 'received

their names from localities in that region where
they are best
seen (pp. 0948, 0949).
(1) Valenginiau-a group of lime
stones and

mans (130-260 feet) with Toxaster Campichei,
Pygurus rostratus, Strombus Sautieri (Natica Leviathan),
Cidaris hirsu.ta, Belemnites pistilliformis, B. dilatatus, Am

monites (Oxynoticeras) gevrilianu.m, etc.; (2) Hauterivian
a mass of blue mans surmounted by yellowish limestones,
the whole having a thickness that varies
up to 250 feet;
Toxaster complanatus,
Exogyra Oouloni, Janira atava,
Peraa Mulleti, Nautilus pseudo -elegans, Amm.
(Hoplites)
radiatus, Amm.
The
(Holcostephanus) astierianus, etc.

and Albian stages (Gault) are recognizable in a
Aptian
thin band of greenish sandstone and mans which have long
been known for their numerous fossils (Perte du Rhone, St.
Croix).
In the Alpine region, the Neocomian formation is
repre
sented by several hundred feet of mans and limestones,
which form a conspicuous band in the mountainous range
separating Berne from Wallis, and thence into eastern Switz
erland and the Austrian Alps (Spatangenkalk).
Some of

these massive limestones are full of hippurites of the Caprina
group (Caprotinenkalk, with Bequienia [Caprotina] Lonsda
]ei, Radiolites neocomiensis, etc.), others abound in polyzoa
(Bryozoenkalk), others in foraminif era (Orbitolitenkalk).
The Aptian and Albian stages traceable in the Swiss Jura

can also be followed into the Alps of Savoy.
In the Vorarl
berg and Bavarian Alps their place is taken by calcareous
glauconite beds and the Turrilite greensand (T. Bergen);
but in the eastern Alps they have not been recognized.
The
lowest portions of the massive Caprotina limestone (Schrat
tenkalk) are believed to be Neocomian, but the
higher parts
are Upper Cretaceous.
One

of the most remarkable formations of the Alpine
regions is the enormous mass of sandstone which, under the
name of Flysch and Vienna Sandstone, stretches from the
northern zone of
southwest of Switzerland. through the
to
the
of
the
Danube
at Vienna.
the mountains
plains
Fossils are exceedingly rare in this rook, the most frequent
Geneva, 1861; Renevior, Bull. Soc. Geol. France (3), lii.; A. Favre, (bid.;
Von ffauer's "Die Geologie der Oeslerr. Ungar. Monarcliie," 1878, p. 505
et seq.
E. Fraas, "Soenerie der Alpen."
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being fucoids, which afford no clew to the geological age of
their
strata.
That the older
portions in the east
ern Alps
inclos-int
are Oretaceous, however, is indicated
by the occur
rence in them of occasional Inocerami, and
by their inter.
stratification with true Neocomian limestone
(Aptychenkalk.
The definite subdivisions of the
Anglo-Parisian Upper Cre
taceous rocks cannot be
applied to the structure of the Alps,
where the formations are of a massive and
usually calcareous
nature.
In the Vorarlberg, they consist of massive lime
stones (Seewenkalk) and mans
(Seewenmergel), with Am.
monites Mautelli, Turrilites costatus, Inoceramus striatus,
blaster carinatus, etc.
In the northeastern
Alps, the
the
remarkable
facies
of
the
Gosan
beds, whic
present
consist of a variable and
locally developed group of marine
mans, sandstones, and limestones, with occasional intereala.
tions of coal-bearing fresh-water beds.
These strata rest Un.
conformably on all rocks more ancient than themselves, even
on older Cretaceous
groups.
They have yielded about 500
of
fossils,
of
which
species
only about 120 are found outside
the Alpine region, chiefly in Turonian,
partly in Senonian
strata.
Much discussion and a copious literature has been
devoted to the history of these deposits."'
The loosely im
bedded shells suggested a Tertiary age for the strata; but
their banks of corals, sheets of orbitolite- and
hippunite-lime.
stone and beds of marl with Ammonites, Inocerami and
other truly Cretaceous forms, have left no doubt as to their
really [J'pper Cretaceous age.
Among their subdivisions,
the zone of ilippurites cornu-vaccinum is
recognizable.
From some lacustrine beds of this age, near Wiener Neu.
stadt, a large collection of
reptilian remains has been ob
tained, including deinosaurs, chelonians, a crocodile, a liz
ard, and a
pterodactyle-in all fourteen genera and eighteen
species."'
Probably more or less equivalent to the Gosau
beds are the massive
hippurite-lirnestones and certain mans,
containing

Belemnitella mucronata,

Echinocorys

vulgaris,

119 See
among other memoirs, Sedgwick and Murchison, Trans. Geol. Soc.
2d ser. iii.; Reuss, Doukschrifi. Akad. Wien, vii. 1; Sitzb. Akad. Wien, xi.
882; Stoliczka, Sitzb. &kad. Wien, xxviii. 482; lii. 1; Zekeli, Abhandl. GaoL
Reichsanst. Wieu, i. 1 (Gas Leropods); F. von Hauer, Sitzb. Akad. Wien, liii.
300 (Cephalopods); "Pa1ont. Oesterreich," i. 7; "Geologie,"
p. 516; Zitte,
Denkschrift. A.kad. Wien, xxiv. 105; xxv. 77 (Bivalves); Bünze, AbhandL Geol.
Reichsanst. v. 1; U-ümbel, "Geogriostisehe Besolireib. BayorIsch. Aipen," 1861,
p. 517 6g seq. Redt&backer, AbhaudL Geol. ReichsanHt v. (Cephalopods).
113
Booby, Q. J. Geol. Soc. 1881, p. 620.
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Salzkammergut and Bavarian Alps."'
Upper Cretaceous rocks of the southeastern Alps are distin
guished by their hippurite-limestones (Rudistenkalk) with.
shells of the Rippurites and Radiolites groups, while the
Lower Cretaceous limestones are marked by those of the Ca
rina group.
They form ranges of bare white, rocky, tree
etc.,

of
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the

Fess mountains, perforated with tunnels and passages (Do.
linen, p. 623).
In the southern Alps white and reddish
limestoues (Scaglia) have a wide extension.

Basin of the Mediterranean.-The southern type of the Cre
taceous system attains a great development on both sides of
the Mediterranean basin.

The hippurite (Caprotina) lime
stones of Southern France and the Alps are prolonged into
Italy and Greece, whence they range into Asia Minor and
into Asia."'
Cretaceous formations of the same type appear
in
likewise
Portugal, Spain, and Sicily, and cover a vast
area in the north of Africa.
In the desert region south of
Algiers, they extend as wide plateaus with sinuous lines
of terraced escarpments."'
Russia.-The

Cretaceous

formations,

which are well de
veloped in the range of the Carpathian mountains, sink
below the Tertiary deposits in the plains of the Dniester,
and rise again over a vast region drained by the Donetz and
and eastern
the Don.
They have been studied in central
Russia by the officers of the Russian Geological Survey,
who have pointed out the remarkable resemblance between
their organic remains and those of the Anglo-French region.
There is in particular a close parallelism between them and

the English Speeton Clay in their intimate relationship to the
The Volga group already (p. 1515)
Jurassic system below.
referred to is succeeded by typical .Neocoxnian deposits,
which are well developed in the district of Simbirsk along
the Volga, where they consist of dark clays with sandy
divisible into three
layers and phosphatic concretions,
'

See, for this region, Gümbel, who gives a table of correlations for the
Bavaria.
"Geognost. Bcschreib.
European Cretaceous rocks with those of
Ostbayer. Grenzgeb." pp. 100, 101.
115 For an account of Syrian Cretaceous fossils see R. P. Whitfield, Bull.
Amer. Mus. Nat. H.ist. iii. 1891, p. 381.
110
de Ia region sud de la province
Coquand, "Description geol. et paleoutol.
France (3) ix. 508; Peron,
Geol.
Bull.
Soc.
Roliand,
de Constantin," 1862;
memoir on the Geology of
a
valuable
has
published
op. cit. p. 436; this author
Geol.
Ann.
Sciences
1883; Zittel, "Beiträgo
Algeria, with a full bibliography,
zur Geologic dor Libysehen Wüste," 1883.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
STRATIGRAPHICAL
horizons.

GEOLOGY

1573

these yields pyritous ammonites,
especially Amm. (ilolcostephanus) versicolor, A. (Holcost.)
inversus, also Beleinnites pseudopanderianus, Astarte por.
recta.
The middle zone contains septaria inclosing Amni.
umbonatus,
fasciatofal
(lEEolcost.) Decheni,
progredicus,
catus, discofalcatus, Barboti, Inoceranaus aucella, Rhyn
chonella obliterata.
The highest zone is almost unfossil
iferous

The lowest of

near

Sirnbirsk, but its lower layers yield Pecten
crassitesta.
Deposits of the same type as the An lo-French
are
well developed in the governments of Simbirsk
Aptian
and Saratov, and are characterized by Amm.
(Hoplites)
The Albian or
Deshayesi and A. (Amaltheus) bicurvatus.
Gault, which is found in the government of Moscow, and.
may eventually be traced over a wide area, has yielded a
number of ammonites, especially of the genus Hoplites
talitzianus,
Bennettia3, Engersi, Tethydis,
(H. dentatus,
This stage
jachromensis, Dutemplei, JE[aploceras l3eudanti).
is well developed in the Caucasus, Transcaucasia, and the
In the chief Russian Cretaceous area
trans-Caspian region.
the Oenomanian stage begins with dark clay closely related
to the underlying fu.rassic series, from the denudation and
The
rearrangement of which it may have been derived.

clay shades upward into sandy, glauconitic, and phosphatic
deposits, which gradually assume the condition of chalky
mans.

These Cenomanian strata appear to have a wide
extent at the base of the Upper Cretaceous formations of
central Russia.
They contain numerous remains of fishes
bones of
Odontaspis, Otodus) with
Ammonites are rare, but
ichthyosaurs and plesiosaurs.
Amm.
(Schionbachia) varians occurs, also Belemnitella

(Ptychodus,

Lamna,

plena, Exogyra haliotidea, E. conica, Ostrea hippo odium,
Janira (Vola)
Pecten laminosus, Rhyncho
cjuiuquecostata,
nella nuciformis, etc.
Turonian strata have likewise been
found over a wide tract in central Russia.
The lower bands
with Inoceramus (I. russiensis, labiatus, Brongniarti, lobatus
afT.) abundant, Belemnitella and Ostrea vesicularis are of
constant occurrence in the Cretaceous
of central
region
Russia.
In that area, however, the Senoman and higher
Cretaceous stages are not well developed, though they
assume greater importance in the southern part of the
Empire.'77

" Nitkth, "Lee
Vestiges de la periode Oretacée dane la [Lussie centrale,"
Mern. Corn. Geol. Russe, v. No. 2, 1888, p. 165.
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India.-The hippurite limestone of southeastern
Europe
into
Asia
Minor,
and
a
area in
vast
prolonged
occupies
Persia.
It has been detected here and there among the
is

Southward
Himalaya Mountains in fragmentary outliers.
of these marine strata, there
to
have existed in
appears
Cretaceous times a wide tract of land, corresponding on
the whole with the present area of the Indian peninsula,

but not improbably stretching southwestward so as to unite
with Africa.
On the southeastern side of this area the
Cretaceous sea extended, for near Trichinopoly and Pondi

cherry a series of marine deposits occurs, corresponding
to the European Upper Cretaceous formations, with which
it has 16 per cent of fossil species in common. Among these
are Amm. (Acanthoc.) rhotomagensis, A. (Pachydiscus) per
The occurrence of
amplas, and Rhynchonella compressa.
:Nautilus danicus in the higher sands of Niunyur probabi
shows that the. Cretaceous system of India reaches as hg
as the Danian stage. 171
Similar strata with many of the
same fossils

The
appear on the African coast in Natal.
most remarkable episode of Cretaceous times in the Indian
area was undoubtedly the colossal outpouring of the Deccan
basalts (p. 439).
These rocks, lying in horizontal or nearly

horizontal sheets, attain a vertical thickness of from 4000 to
6000 feet or more.
They cover an area estimated at 200,000
square miles, though their limits have no doubt been re
duced by denudation.
Their oldest portions lie slightly
on
Cenornanian.
rocks, and in some places
unconformably

interstratified with the uppermost
pear to be regularly
0
Ya retaceous strata.
The occurrence of remains of fre-sll-wat-e-r
mollusks, land-plants, and insects, both in the lowest and.
highest parts of the volcanic series, proves that the lavas
must have been subaerial.
This is one of the most gigantic
170
outpourings of volcanic matter in the world.
North America.-The Cretaceous system stretches over a
vast portion of the American continent, and sometimes
reaches an enormous thickness.
Sparingly developed in
the eastern States, from New Jersey into. South Carolina,
it there includes the younger or Neocoman plant-bearing
It spreads out over a wide area in the
strata of Virginia.

178 J" Seunes, Mem. Soc. Geol. France, Paleont. t. ii. fasc. iii. 1891,
P. 22.
179 Medlicotl and Blanford, "Geology of India," see ante, pp. 439, 982.
The Upper Cretaceous fauna of India is described in Pa1aontograph. Indica,
ser. nv. 1883.
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south, stretching round the end of the long Palozoic ridge
from Georgia through Alabama and Tennessee to the Ohio;
and reappearing from under the Tertiary formations on the
west side of the Mississippi over a large space in Texas
and the southwest.
Its greatest development is reached in
the Western States and Territories of the Rocky Mountain
region, Wyoming, Utah, and Colorado,. whence it ranges
northward into British America, coverng thousands of
square miles of the prairie country between Manitoba and
the Rocky Mountains, and extending westward even as far
as Queen Charlotte Islands, where it is well developed.
It

has a

prodigious northward extension, for it has been.
detected in Arctic America near the mouth of the Mac
kenzie River, and in. northern Greenland.
The Cretaceous clays and greensand mans of New Jersey
have yielded a tolerably ample molluscan fauna, comprising
species of Terebratula, Terebratella, Terebratulina, Ostrea,
Anomia, Pecten, Amusium, Spondylus,
Grypha, Exogyra,
Pheatala, Mytilus, Modiola, Inoceramus, Trigonia, U nio,
Cardita, Orassatella, Cardium, and many other genera.'"

Toward the south over the site of Texas, the Cretaceous
sea appears to have been deeper and clearer than elsewhere
in the American region, for its presence is recorded chiefly

among which occur abundant hippurites
(Caprotina, Caprina) and foraminfera (Orbitolites).'8'NO
the strata are chiefly sandy, and present alternations
of marine and terrestrial conditions, pointing to oscillations
which especially affected the Rocky Mountain and western
by

liniestones,

The greatest development of the system is to be
regions.
seen in the north of Utah and in Wyoming, where it pre
sents a continuous series of deposits unbroken by any
unconformahility for a thickness of from 11,000 to 13,000
feet.
The following table shows the character of these
deposits in descending order:

Laramine (Lignitic) group.-Buff and gray sandstones,
with bands of dark clays and numerous coal-seams,

terrestrial vegetation of Ter
tiary types, land and fresh-water mollusks (tTnio,
Limnaa, Planorbis, Helix, Pupa, etc.), and remains

containing

abundant

of fishes (Beryx, Lepidotus), turtles (Trionyx, Emys,

180 R. P. Whitfield,
Monogr. U. S. GéoI. Surv. vol. ix. 1885.
181 For fossils see "List of Invertebrate Fossils from the Cretaceous Forma
tions of Texas," R. T. H111, Austin, Texas, 1889.
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and reptiles (Crocodilus, Agathaumu.s,
Oornpsemys),
etc.). This group is by some geologists placed among
the Tertiary systems, or as a passage series between
the

Cretaceous

and

Eocene systems (see p. 1612).
Thickness in Green River basin 5000 feet.
On this horizon come the "Ceratops beds" of
Wyoming, 3000 feet thick, which rest directly upon
the Fox Hills group.
They consist of alternating

sandstones, shales, and lignites, and are remarkable
for the extraordinary number and wonderful preser
vation of the deinosaurs, mammals, and other forms
which they have yielded."'
Fox Hills group.-Gray, rusty,

and buff sandstones
with numerous beds of coal and interstratifications
of marine shells
containing a varied assemblage
Mo
(B elemniteha, Nautilus, Ammonites, Baculites,
Thickness on the great plains 1500
sasaurus, etc.).
feet, which in the Green River basin expands to
from 3000 to 4000 feet.

Colorado group.-Calcareous shales and clays with a
central sandy series, and, in the Wahsatch region,
seams of coal as well as fluviatile and marine shells.
Thickness east of the Rocky Mountains 800 to 1000
feet, but westward in the region of the flinta and
group was
and Clarence King
proposed and named by Hayden
to include the following sub-groups in the original
classification of Messrs. Meek and Hayden in the
Wahsatch

Mountains

2000

feet.

This

Missouri region:
Fort

Pierre
mans, and

shales,
sub-group.-Carbonaceous
clays (Inocerarnus Barabini, Bacu

lites ovatus, Scaphites
Ostrea congesta, etc.).

nodosus,

.Ammonites,

Niobrara sub-group.-Chalky mans and bitumi
nous liinestones (Baculites, Inoceramus def or
Ostrea congesta, fish
mis, 1.
problernaticus,

remains).
Fort Benton sub-group. -Shales, clays, and lime
stones (Scaphites warrenensis, Ammonites, Prio
Os trea congesta).
nocyclas Woolgari,
Dakota group, composed of a persistent basal conglom
erate (which is 200 feet thick and very coarse in the
18

J. B. Hatcher, Amer. Journ. Sci. xlv. 1893, p. 135.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
STRATIGRAPHICAL

GEOLOGY

1577

Wahsatch region) overlain with yellow and
gray
massive sandstones, sometimes with
clays and seams
of coal or lignite (dicotjledonous leaves in
great
numbers, Inoceramus,
Cardium, etc.).
Thickness
400 feet and upward."'
The extraordinary palaonto1ogica1 richness of these west.
em
Cretaceous deposits has been already referred to.
They
contain the earliest dicotyledonous plants yet found on this
continent, upward of 100
species having been named, of
which one-half were allied to living American forms.
Among them are species of oak, willow, poplar, beech,
elm, dogwood, maple, hickory, fig, cinnamon, laurel, smilax,

tulip-tree, sassafras, sequoia, American, palm (Sabal), and
The more characteristic
marine mollusca are
cycads.''
of
Terebratula, Ostrea, Gryphe, Exogyra, Inoce
species
ram us, ilippurites, Radioli tes, Ammonites,
Scaphites, Ha.
mites, Baculites, Belemnites, Ancyloceras, and Turrilites.
Of the fishes of the Cretaceous sea, many species are known,
comprising large predaceous representatives of modern or
osseous types like the salmon and saury, though cestra
cionts and ganoids still flourished.
But the most remark
able feature in the organic contents of these beds is the
extraordinary number and variety of the reptilian remains,
to which reference has been already made (p. 1534).
Some
of the early types of toothed. birds also have been obtained
from the same important strata (p. 1538).
No question in American geology has given rise to more
controversy than the place which should be assigned to the
Laramie or Lignitic group, whether in the Cretaceous or
The group consists mainly of lacustrine
Tertiary series.'
strata, with occasional brackish-water bands.
Somewhere
about 140 species of mollusks have been obtained from

them which are terrestrial or fresh-water forms, with a few
that may be brackish-water.
They include numerous spe
cies of Ostrea, Anomia, Unio, Oorbicula, Corbula, Limna,
Planorbis, Physa, Helix, Pupa, Goniobasis, Hydrobia, and
'

Hayden's Reports of Geographical and Geological Surveys of Western
Territories; King's Geological Report of Exploration of 40th Parallel, vol. 1.;
a H. Eldridge, Amer. Journ. Sci. xxxviii. 1889, p. 313. J. J. Stevenson,
Amer. Geologist, 1889, p. 391.
184 For an account of the Laramie Flora see L. F. Ward, 6th Ann.
Rep.
U. S. Geol. Surv. 1885, P. 405.
Bull. U. S. Geol. Surv. No. 37, 1881.
186 For a rsurr of the
progress of opinion on this subject see Ward, 6th.
Ann. Rep. U. S. Geol. Surv. 1885, p. 406.
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The abundant terrestrial flora resembles 'in
Viviparus.'06
A few
many respects the present flora of North America.
of the plants are common to the Middle Tertiary flora of
Europe, and. a number of them have been met with in the
Some of the seams
Tertiary beds of the Arctic regions.
of vegetable matter are true bituminous coals and even
anthracites.
According to Cope, the vertebrate remains
of the Laramie group bind it indissolubly to the Mesozoic
formations.
Lesquereux, on the other hand, has insisted
The former
that the vegetation is unequivocally Tertiary.

opinion has been maintained by Clarence King, Marsh, and
others; the latter by Hayden and his associates in the Sur
Cope, admitting the force
vey of the Western Territories.
of the evidence furnished by the fossil plants, concludes
that "there is no alternative but to accept the result that
Tertiary flora was contemporaneous with a Cretaceous
fauna, establishing
an
succession of life
uninterrupted
across what is generally regarded as one of the greatest
breaks in geologic time."
he vegetation had apparently
a

advanced more than the fauna in its progress toward modern
types."' The Laramie group was disturbed along the Rocky
Mountain region before the
of the succeeding
deposition
Tertiary formations, for these lie. unconformably upon it.
So great have been the changes
n some regions, that the
strata have assumed the character of hard. slates like those
of Paheozoic date, if indeed they have not become in Cali
fornia

The same mingled
thoroughly crystalline masses.
marine and terrestrial type of Cretaceous rocks can be fol
lowed into California, where the higher parts of the series
contain

The coast ranges are described by
beds of coal.
Whitney as largely composed of Cretaceous rocks, usually
In the
somewhat metamorphic and sometimes highly so.'
foot-hills, on the eastern slopes of the Rocky Mountains,

near the United States and Canadian boundary, the beds
are comparatively undisturbed and the coal is bituminous;
within the Rocky Mountain area the strata are greatly con
torted and the coal is there anthracitic.
386 0. A. White, "A Review of the Non-Marine Fossil Mollusca of North
America," 3d U. S. Geol. Survey Report, 1883; Bull. U. S. Geol. Surv. No. 34,
1886. See the same author's paper on the mingling of an ancient fauna and
modern flora in these deposits, Amer. Journ. Sci. (3) xxvi. p. 120.
See remarks ante, pp. 1096, 1111.
Neumayr (N. Jahrb. 1884, i. p. '14)
the
Laramie
makes a comparison between
group and the inter-trappean beds
of the Deccau.
168 U. F. Becker, Amer. Journ. Sci. xxxi. 1886,
p. 348.
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blending of marine and terrestrial formations, so
conspicuous in the Western Territories of the American
Union, can be traced northward into British America, Van
couver Island, and the remote Queen Charlotte group, with
The
no diminution in the thickness of the series of strata.
The

section at Skidegate Inlet in the latter islands is as follows:"'
Few fossils, the only form recognized
Upper shales and sandstones.
.
.
.
.
.
.
being Inoceramus problomaticus
.
.
Conglomerates and sandstones (fragments of Belemnites)
Lower shales and sandstones with a workable seam of anthracite
at the base (fossils abundant, including species of Ammonites,
lEtamites, Belemnites, Trigonia, Inoceramus, Ostrea, Unio, Tore
bratula, etc.)
.
.
.
;andstones,
and
tuffs,
with
blocks
sometimes
Volcanic agglomerates,
.
.
four or five feet in diameter
.
.
.
.
.
Lower sandstones, some tufaceous, others fossiliferous .
.
.

1,500 feet.
2,000 "

5,000
3,500 "
1,000

13,000

11

Reference has already (p. 1522) been made to the remark
Three horizons of
able Cretaceous flora of Greenland.
have there been met with:
(a) the
piant-bearing beds
Korne beds-dark shales resting on the crystalline rocks,

and containing what appears to be a Lower Cretaceous flora;
sands (Uper
(b) the Atane beds-grayish-black shales and
nivik, Noursoak, Disco, etc.), with Upper Cretaceous .plants;
Marine fos
(c) pale and red clays lying on the Atane beds.
sils found in some of the Upper Cretaceous beds likewise
serve to indicate their horizon.""

Australasia.-Representatives of the Cretaceous system oc
In Queensland their lower
cupy a vast area in Australia.
member ("Rolling Downs Formation") is estimated to cover
This group of
three-fourths of the whole of the colony.

strata is found in some districts to pass down conformably
into the plant-bearing Jurassic rocks, and elsewhere to lie
It
unconformably on ancient schists, slates, and granites.
has yielded numerous species of foraminifera., brachiopods,
lamellib ranehs (Ostrea vesioulosa, Pecten, Aucella, Inocera
mus, Pinna, Mytilus, etc.), gasteropods, belemnites, ammo189 a M. Dawson in Report of Progress of Geol. Surv. Canada, 18'T8-'19;
Amer. Journ. Sd. xxxviii. 1889, p. 120; op. cit. xxxix. 1890, P. 180. J. F.
Whiteaves, Mesozoic Fossils, vol. i. parts i. iii. in publications of Geol. Survey,
See also Mr. Dawson's Report on Geology and Resources of the Re
Canada.
near
the 49th Parallel, British North American Boundary Commission,
gion
3875; Report on Canadian Pacific Railway, Ottawa, 1880.
190 Hoer, "Flora Fossilis Arctica." vi. 1882.
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nites of the genera Amaitheus, Schionbachia, Haploceras,
also ilamites, Aneyloceras, Crioceras, and Nautilus; like
wise fishes of the genera Lamna, Aspidorhynchus, Belono.
stomus, and various ichthyosaurs and plesiosaurs.
The

Upper Cretaceous formations are represented by the "Des
ert Sandstone," which must have covered at least three

It lies on an upturned and denuded
quarters of the colony.
surface of the Lower Cretaceous formations and contains
land-plants and a marine fauna Micraster, Rhynchonella,
Ostrea, Trigo nia, Beleinuites). 101
In New Zealand the "Waipara" formation of Canterbury

is believed to represent Upper Cretaceous and possibly some
It consists of massive con
of the older Tertiary horizons.
glomerates (sometimes 6000 to 8000 feet thick), sandstones,
plants in
clude dicotyleclonous leaves, cones, and branches of arauca
i'ians and. leaves and twigs of Dammara.
Among the shells
no cephalopods nor any of the widespread hippurites have
shales,

brown-coal seams,

and

ironstones.

The

With the remains of fishes (Odontaspis,
yet been found.
Lamna, Hybodus) occur numerous saurian bones, which
have been referred to species of Plesiosaurus, Mauisaurus,
According to the work of the Geologi
Polycotylus, etc."'
cal Survey Department of New Zealand, the Cretaceous sys
tem consists of a lower group (500 feet) of green and gray
incoherent sandstones, in which beds of bituminous coal
occur on the west coast (Lower Greensand), surmounted by

a mass of strata (2000 to 5000 feet) which appears to connect
The upper part of the
the Cretaceous and Tertiary series.
limestone and chalk
group (consisting of mans, greensand,
with flints) is toroughly marine in origin, with Ancylo
ceras, Belemnites, Rostellaria, Plesiosaurus, Leiodon, etc.
which is capped by a black grit with
The lower
portion,
marine fossils, contains the most valuable coal-deposits of
New Zealand.
The plants include
cheotyledonous and.
coniferous forms closely allied to those still living in the
country.
191 R. I. Jack and E. Etlioridge, "Geology of Queensland," chaps. xxxi.
xxxiv.
192 Etheridge, Q. J. Geol. Soc. xxviii. 183, 340; Owen, Geol. Mag. vii. 49;
Rector, Trans. Now Zealand Inst. vi. p. 333; Haas, "Geology of Canterbury
and Westland," p. 291; Hutton and Ulrich, "Geology of Otago," p. 44.
193 Hector, "Handbook of New Zealand," 1883, p. 29.
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CAINOZOIC OR TERTIARY

The close of the Mesozoic
periods was marked in the west;
of Europe by great geographical changes,
daring which the
floor of the Cretaceous sea was raised
partly into land and
into

partly

shallow

marine

and

estuarine

waters.

These

events must have occupied a vast period, so that, when sedi
mentation once more became continuous in the
region, the
organisms of Mesozoic time (save low forms of life) had, as a
whole, disappeared and given place to others of a
distinctly
more modern type.
In England, the interval between the
Cretaceous and the next geological period represented there
by

sedimentary

formations

is

marked

by

the

abrupt

line

which separates the top of the Chalk from all later accumu
lations, and by the evidence that the Chalk seems to have
been

in some places extensively denuded

before even the

oldest of what are called

the Tertiary formations were de

posited upon its surface.

There is evidently here a consid

erable gap in the geological record.
ascertaining what
south
by the

of

England

was

We have no data for

the general march of

events in the

between the eras chronicled respectively

Upper Chalk and the overlying Thanet beds.

So

marked is this hiatus, that the belief was long prevalent that
between the records of Mesozoic and Cainozoic time one of
the great breaks in the geological history of the globe inter
venes.
Here and there, however, in the continental part of the
Anglo-Parisian basin, traces of some of the missing evidence
are obtainable.

Thus,

the Maestricht shelly and polyzoan

limestones, with a conglomeratic base, contain a mingling of
true Cretaceous organisms with others which are character*
OLOGYVo1 XXX 11-8
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istic of the older Tertiary formations.
crinoid,

Chalk

Bourgueticrinus

great numbers; also Ostrea

ellipticus,

vesicularis,

Upper

occurs there

in

Baculites 13'aujasii,

Belemn.itella mucronata, and the great reptile Mosasaurus;
but associated with such Tertiary genera as Voluta, Fascio
lana, and others.

At Faxoe, on the Danish island of See

land, the uppermost member of the Cretaceous system (Da
nian)

contains,

in

like

manner, a

blending

of

well-known

Upper Chalk organisms with the Tertiary genera (Oypra3a,
In the neighborhood of Paris also, and

Oliva, and Mitra).

in scattered patches over the north of France, the Pisolitic
Limestone, formerly classed as Tertiary, has been found to
include so many distinctively Upper Cretaceous forms as to
lead to its being relegated to the top of the Cretaceous series,
from which, however, it is marked off by the decided uncon
formability already described.

These fragmentary deposits

are interesting, in so far as they help
in

western

Europe

to show that, though

there is a tolerably abrupt

separation

between Cretaceous and Tertiary deposits, there was never
theless

no

real

break

between

merged insensibly into the other;

the

two periods.

The one

but the strata which would

have served as the chronicles of the intervening ages have
either never been deposited in the area in question, or have
since been in great measure destroyed.

In southern Europe,

in other
especially in the southeastern Alps, and. probably
no sharp line can be drawn
parts of the Mediterranean basin,
These deposits
between Cretaceous and. Eocene rocks.
merge

into

each

other in such a way as to show that the

of the western region did not extend
geographical changes
In North America, also, on
into the south and southeast.
in New Zealand on the
1578), and
other, there is a similar effacement of the hard and fast line
the one side (pp. 1530,
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which was once supposed to separate Mesozoic and Tertiary
formations.
The name Tertiary, given in the early days of geology,
before much was known regarding fossils and
has

retained

its hold on the literature

of

their history,

the

science.

It

is often replaced by the terms "Cainozoic" (recent life),

or

"Neozoic" (new

life), which express the great fact that it is

in the series

strata

of

comprised under these designations

that most recent species and genera have their earliest rep
resentatives.

Taking as the basis of classification the per

centage of living species of mollusca found by Deshayes in
the different groups of the Tertiary series, Lyell proposed a
scheme of

arrangement which has been generally adopted.

The older Tertiary formations, in which the numbei of still
living species of shells is very small,

he named E o c e n e

dawn of the recent), including under that title those parts of
the Tertiary series of the London and Paris basins wherein
the proportion of existing species of shells was only 3
cent.'

The middle Tertiary beds in the valleys of the Loire,
and

Garonne,
species,

per

Dordogne, containing

17 per

were termed M i o c e n e (less recent),

taining a minority of recent forms.
formations

of

Italy

were

Pliocene (more recent),

included

of living

cent
that

is,

con

The younger Tertiary
under

the

designation

because they contained

ity, or from 36 to 95 per cent, of living species.

a major

This new

est series, however, was further subdivided into Older Plio
cene (35 to 50 per cent of living species) and Newer Pliocene
(90

to

termed

95 per

cent).

A

Pleistocene

belonged to

living

still

later group

(most recent),

species,

of deposits

where

the shells

was
all

but the mammals were partly

Some paleontologists, however, doubt whether any older Tertiary Bpeeiea,
except of foraniinifera or other lowly organisms, is still living.
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cial, has, with various modifications and amplifications, been
adopted for the Tertiary groups, not of Europe only, but of
the whole globe.

The original percentages, however, often

depending on local accidents,
adhered to.

The

have

not

been very

most important modification

strictly

of

the

ter

minology in Europe has been the insertion of another stage
or group termed 0 ii g o c e n e,
proposed by Beyrich, to in
clude

strata

that were

formerly

classed

as

partly

Upper

Eocene and. partly as Lower Miocene.'
Some

writers,

recognizing

a

broad

distinction

between

the older and the younger Tertiary deposits of Europe, have
proposed a classification into two main groups: 1st, Eocene,
Older Tertiary or Paheogene, including Eocene and Oligo
cene;

and.,

2d,

Younger Tertiary or

Miocene and Pliocene.

Neogene,

comprising

This subdivision has been advocated

on the ground that, while the older deposits indicate a tropi
cal climate, and

contain only a very few living species of

organisms, the younger groups point to a climate approach
more

ing

and

basin, while

more

to that of

the existing Mediterranean

the majority of their fossils

belong

to living

species.'
The Tertiary periods witnessed the development of the
present

distribution

of land

and sea

and the upheaval

most of the great mountain-chains of the globe.
most colossal disturbances of the

of

Some of the

terrestrial crust, of which

any record remains, took place during

these periods.

Not

only was the floor of the Cretaceous sea upraised into low

2

Boyd Dawkins has proposed to use the fossil mammalia as a basis of clas
sification (Q. 3. Geol. Soc. 1880, p. 39), but his scheme does not essentially
differ from that in common use founded on molluscan percentages.
3 Homes, Jahrb. Geol. Reichsanst. 1864,
p. 510.
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lands, with lagoons, estuaries, and lakes, but throughout the
heart of the Old. World, from the Pyrenees to Japan, the bed.
of the early Tertiary or nummulitic sea was uph caved into a
succession of giant mountains, some portions of that sea-floor
now standing at a height of at least 16,500 feet above the sea.
During Tertiary time also there was an abundant mani
festation

of

volcanic

After

activity.

a

long

quiescence

during the succession of Mesozoic periods, volcanoes broke
forth with great vigor both in the Old and the New World.
Vast floods of lava were poured out, and a copious variety
of rocks was produced, ranging from highly basic to rhyo.
lites, quartz- felsites, and granites.
The

rocks
from

guished

characters.
groups

deposited

those of earlier

these

periods

times by

are

distin

increasingly

local

The nummulitic limestone of the older Tertiary

is indeed

which, in

during

the

the

only

widespread

massive

uniformity of its lithological

and

formation
palonto

logical characters, rivals the rocks of Mesozoic and Palieo
zoic time.
coherent,

As a

rule,

Tertiary deposits are loose

and present such

mineral composition and

and

in

local variations, alike in their

organic

contents, as

to show that

they were mainly accumulated in detached basins of com
paratively limited extent, and in seas so shallow as to be apt
from time to time to be filled

up or elevated, and to become

in consequence brackish or even fresh.'

These local char

acters are increasingly developed in proportion to the recent
ness of the deposits.
The climate during Tertiary time underwent in the north
ern

hemisphere

some

remarkable changes.

Judging

from

The peculiar characters of the Tertiary rocks of the Western Territories
of North America are, however, displayed over areas which in Europe would
be regarded as enormous.
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the strata, we
the

oldest

but that

Tertiary

it became

subtropical, even

North America.

It then

may

in

the

gradually

grew more temperate, but flowering plants and shrubs con
tinued to live even far within the Arctic Circle, where, then
as now, unless the axis of the earth has meanwhile shifted,
there must have been six sunless months every year.

Grow

ing still cooler, the climate passed eventually into a phase of
extreme cold, when snow and ice

extended

from the Arctic

regions far south into Europe and North America.

Since

that time, the cold has again diminished, until the present
thermal distribution has been reached.
With such changes of geography and climate, the plant
and animal life of Tertiary time, as might have been antici
pated, is found to have been remarkably varied.
upon

the

Tertiary series

of

formations,

we

find, ourselves

of the modern type of life.
upon the threshold
when

lycopods, ferns,

cycads,

and

yew-like

Entering
The ages

conifers

the leading forms of vegetation, have passed away, and

were
that

of the dicotyledonous angiosperms-the hardwood trees and
evergreens of to-day-now succeeds them, but not by any
sudden extinction and re-creation;

for, as we have seen (p.

1520), some of these trees had already made their appearance
The hippurites, inocerami, ammonites,
in Cretaceous times.
belemnites,

baculites,

turrilites,

scaphites,

and

other

mol

lusks, which had played so large a part in the molluscan life
of the later Secondary periods, now cease.
tiles,

too,

The great rep

which, in such wonderful variety of type,

were

J. S. Gardner in "Geology of the Isle of Wight," Morn. Geol. Surv. 1889,
p. 106.
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surface, alike on land.

commencement

of

the

Lias,

now

waned before the increase of the mammalia, which advanced
in augmenting diversity of
type until they reached a maxi
mum in variety of
epoch

referred

form

to.

and in bulk just before the cold.

When

that

refrigeration

passed

away

and the climate became milder, the
extraordinary develop
ment of mammalian life that
preceded it is found to have
disappeared also, being only feebly represented in the living
fauna at the head of which man has taken- his
place.

Section i.
§

1.

General

ROCKS.-In Europe
uted
which

deposit

of

extends

this
from

Caucasus,

pathians,

Beloochistan,

and

a

there

has

Mesozoic
sandstone

Asia the most widely distrib
is

the

nummulitic

limestone,

the

Minor,

Suleiman

Northern

Africa, Persia,

Mountains, and

is found

It attains a thickness of several thou

In some places it is composed
mainly of foram

includes

structure,

Characters

the Pyrenees through the
Alps, Car
Asia

inifera (Nummulites
it

and

epoch

in China and Japan.
sand feet.

Eocene

and other genera);
abundant

tolerably
assumed

and
or

can

even

occur in

Flysch), referred

a

compact

then

hardly

Palaeozoic
the

marine

eastern

partly to

the

fauna.

crystalline

be

rock.

but it

sometimes
Here

and

marble-like

distinguished

from

Enormous masses

Alps

(Vienna

of

sandstone,

same age, but seldom

taining any fossils save fucoids (p. 17O).

a

con

The most familiar

European type of Eocene deposits, however, is that of the
Anglo-Parisian and

Franco-Belgian area,

where are found

numerous thin local beds of usually soft and
uncompacted
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containing

fresh-water
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alternations
This

hard

with

type

of
of

and soft bands

marine,

brackish,

sedimentation

evi

dently indicates more local and shallower basins of deposit
than the wide Mediterranean sea, which stretched across the
heart of the Old World in early Tertiary time.
LIFE.-The f 1 o r a of Eocene time has been abundantly
preserved

on

certain

horizons.

In

the

groups, a succession of several distinct floras

"AA

'-

Eocene

English
has

been oh-

'

`W

kill
,

\ W\ ""

)
b
C
Fig. 424.-Eocene Plants.
Heer
a, Sabal oxyrbaehls
(reduced); b, Petrophuloides Richardsoni;
c, Nipa Burtiui, Brongn. sp.
served, those of the

London Clay and Bagshot beds being

The plants from the London Clay indi
Callitris,
climate."
They include species of

particularly rich.
cate

a

warm

Solenostrobus,

Oupressinites,

Sequoia,

Salisburia,

Agave,

Smilax, Amomu.m, Nipa (Fig. 424), Magnolia, Nelumbium,
Victoria, ilightea, Sapindus, Eucalyptus, Cotoneaster,
ntis,

Amygdalus,

Faboidea,

etc.

Proteaceous plants

Pru
like

and Isopogon have been
living Australian Petrophila
but their
asserted to occur in the Lower Eocene vegetation,
the

189, p. 388.
Ettingshausen, Proc. Roy. Soc. xxix.
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occurrence is 'not yet proved;
is

now

an

as

regarded

the so-called Petrophiloides

alder (Fig.

424).

Middle

During

Eocene time in the umbrageous forests of evergreen trees
laurels,

cypresses,

and

yews-there

grew

of

species

ferns

(Lygodium, Asplenium, etc.), also of many of our familiar
trees

besides

beeches,

those

elms,

and maples.

mentioned,

just

hornbeams,

poplars,

such

as

willows,

chestnuts,

figs,

planes,

The subtropical character of the climate was

shown by clumps of Pandanus, with here and there a fanS

Fig. 425.-Nummulitic Limestone (i).
palm (Fig. 424) or feather-palm, a tall

aroid or a towering

cactus.
The
presents

Eocene

I a u n a

similar

evidence

of

western

Especially

genus

Nummulites,

which

nummulite

limestone

the

different
basins.
of

the

horizons
The

characteristic

in

the

assemblage

central

Europe

of tropical or subtropical condi

tions.

in

and

of

are

occur

in

(Fig.

English

of

forarninifera

numbers

prodigious

425),
and

mollusca is

and.

also

French
very

the

occupy
Eocene

large,

most

genera being still living, though many of them are

confined

to

the

warmer seas of the globe (Figs. 426, 427).

J. S. Gardner, op. cit. p. 108.
s J" " Gardner, "British Eocene Flora,"
Pala3ontograph. Soc. 18'?9; L. One,
"Recherches sur ]a Vegetation do I'Oue8t do la France a 1' Epoque Tertinire,"
Ann. Sciences Geol. ix. 1877; Ettingahausen, Proc. Roy. Soc. xxx. 1880, p.
228; Oomte de Saporta, 4'Le Monde des Plantes," 1879, p. 207.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1590

TEXT-BOOK

Characteristic

forms

OF

GEOLOGY

are Belosepia,

Nautilus,

Cancellaria,

Fusus, Pseudoliva, Oliva, Voluta, Conus, Mitra, Cerithium,
Melania,
tica,

Turritella,

Scala,

Lucina.

Rostellaria,

Oorbula,

Na.

Oyprea,

Cytherea (Meretrix), Ohama,

Oyrena,

Fish remains are

Pleurotoma,

not

infrequent in some of the

clays, chiefly as scattered teeth (Fig. 428) and otoliths.

The

living tropical siluroid genus Anus has been found in these
Some

deposits.

Odontaspis,

4 fl/I

1u

of

the

more common genera are Lamna,
Aetobates,

Myliobates,

Pristis,

Phyllodus.

1

''

a
if

Fig. 426.-Eocene Lamellibranchs.
a, Cardium porulosum, Lam. b, Corbula regulbiensis, Mor.; c, Lucina squamula,
Desh.; ci, Cyrena cuueiformis, Sow. (.
Eocene

The
of

Mesozoic

turtles,

with

reptiles
time.

present a

They

crocodiles

singular

consist

and

largely

sea-snakes.

contrast

to

those

of

tortoises

It

is

and

suggestive

to find remains of siluroici fish, crocodiles, and chelonians,
preserved
like

what

present

in deposits of
may

time.

now
An

has been obtained

be

Eocene age, for the assemblage is
met

with

interesting
from

in tropical

series

of

seas

remains

of

the English Eocene beds.

include Argilloruis longipennis (perhaps

of

birds
These

representative

but larger than, the modern albatross), Dasornis,

the

of,

and. Gas

tornis (somewhat akin to the extinct Dinornis of New Zea.
land),

Halcyornis toliapicus,

Lithorn is vulturinus,

Macror-

For a list of British Eocene and Oligocene moihisca consult the volume by
R. B. Newton, one of the series of Catalogues issued by the British Museum.
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(a bird

Odontopteryx toliapicus

processes

hawk,
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From

with

bony

the upper

species of birds have

allied

to the buzzard, os

pelican,, ibis,

flamingo,

and.

C

a

£

/

Fig. 427.-Eocene Gasteropods.
a, Fusus (Clac alithes) 1ongvus, Brand. (i); b, Cerithium (Campanile) c-igantium. Lam..
eIeva'a, Sow. ); e,
(h); c, Melania iuquinata, DeIr. (s); d, Volute, (Volutilithes)
Rostellaria (Rirne11a fissui'ella, Desh. (s); f, Conus deperd.itus Brug. (4
African

hornbil1.°

paleontology
the

numerous

of

But

the

the

period

mammalian

was so distinguished.

most
is

notable

the

feature in

advent

of

the

some

forms for which Tertiary

of

time

In the lower Eocene period appeared

U Owen, Q. J. Geol. Soc. 1856, I8'13, 18'IS, 1880; Boyd Dawkins, "Early
Man in Britain," p. 33; Milno Edwards, "Oiseaux Fossilos," i. 543.
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carnivores Aretocyon

primitive

and

Pala3onictis,

two

animals with marsupial affinities, the former with bear-like
teeth,

the

also

dasyure;
like

latter

the

Tasmanian

the

tapir-like Ooryphodon;

the

small hog

Hyracotherium,

peccary, and
advent

teeth

with

like

canine

teeth

like

those

of

the

a form intermediate between that of the hog

and the hyrax.
the

those of

with

of

Middle Eocene ..time was
a

(Paheotherium,

group

of

remarkable

Palaplotherium,

distinguished by
tapir-like

Lop hiodon,"

animals

Pachynolo.

phus); true carnivores (Pterodon and Proviverra); insecti

b

Fig. 428.-Eocene Fishes.
a, Lamna elegans, tooth of, Ag. (i); b, Odontaspis (Otoclus) obliquus, tooth of, Ag.
vores

Reterohyus, Microcharus) and the lemuroid Ocenopi.

thecus, the earliest representative of the tribe of monkeys.
With the upper Eocene period, besides the abundant older
tapir-like
presented

forms,

there

characters
Paheotheres

tapiroid.

came

others (Anchitherium), which

intermediate
and

the

true

tho

between
Equido.

of

They

the
were

about the size of small ponies, had three toes on each foot,
and are regarded as ancestors of the horse.

Numerous hog

like animals (Diplopus, Hyopotamus) mingled with herds of
ancestral hornless forms of deer and antelopes (Dichobune,
Dichodon, Amphitragulus).
1

Opossums abounded.

H. Filliol, Mem. Geol. Soc. France (3) v. No. 1, 1888.

Among
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the carnivores were animals
resembling

153

wolves (Oynodon),

foxes (Amphicyon), and wolverines
(Tylodon), but all pos
sessing marsupial affinities.

There appear to have been also

representatives of our hedgehogs, squirrels, and bats.'
It is from the thick Eocene lacustrine formations of the
Western Territories of the United States that the most im
portant additions to our knowledge of the animals of early
Tertiary time have been made, thanks to the admirable and.
untiring labors, first of Leicly, and subsequently of Marsh
at New Haven, and
The Laramie
Cope at Philadelphia.

Fig. 429.-Palot.herium magnum, Cuv. (h),
group, in particular, has yielded an extraordinarily abundant
and varied fauna,
comprising ophidians (Coniophis), true
lacertilians
deinosaurs.
terest,

(Chamops,
These

inasmuch

as

and

Iguanavus,

last-named
they

show

animals
that

gigantic
are of

just

forms

of

peculiar in

before

the

final

extinction of the sub-class to which
they belong they had
developed into many highly specialized types (Ornithomi.
mus,
1

Claosauru.s).13

The

herbivorous

ungulata

appear

to

Gaudry, "Les Enchainements du Monde Animal," p. 4; Boyd Dawkins,
"Early Man in Britain," chap. ii.
18 0. Marsh, Amer. Journ,
Sd. xliii. 1892, p. 449.
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have formed a chief element in this Western fauna.

They

included some of the oldest known ancestors of the horse,
with four-toed feet, and even in one form (Eohippus) with
rudiments

of

(Eohyus,
were

a

fifth

toe;

of

the

of

Some

Parahyus).

those

also

type

termed

senting a remarkable union of
rodents,

various
the

hog-like

most

animals

peculiar

Tillodont by

forms

Marsh,

the characters of

pre

ungulates,

and carnivores, and. especially striking from their

pair of long incisor teeth (Tillotherium, Anchippodus, Cala
modon).

This author,

from

another

assemblage

of

skulls

Fig. 480.-Deinoceras (Uiutatherium) mirabile, Marsh (h).
and bones of animals about as large as a fox, has proposed
to establish a separate order of mammals, that of the Meso
the same
dactyla, which in his opinion stands in somewhat
relation to the typical Ungulates that the Tillodonts do to
Still more extraordinary were the Deinocerata,
Rodents."
a

distinct

ranked

as

Marsh,

the size

of

sub-order,

elephants,

possessing,

according

to

with the habits of rhinocer

oses, but bearing a pair of long horn-like prominences on
14 Marsh, op. cit. 1892, p
jILe1pb ix. 1888.

445.

Compare H. F. Osborn, Journ. Aca&
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the forehead, and

(Uintatherium,

Fig. 43O,'

159
a

with

single one
the

forms

described under the names Deinoceras, Tinoceras,
Fig. 431,
Octotomus,

Eobasileus,

mals

coexisted large and small carnivores and some

there

Loxolophodon).

With

these

ani

lemuroid monkeys.
§ 2.

Local

Development

Britain.'°-Entirely confined to the southeastern part of
Englandthe British Eocene strata occupy two synclinal
depressions in the Chalk, which, owing to denudation, have
become detached into the two well-defined basins of London
and Hampshire.
They have been arranged as in the sub
table:
joined

10

London.

Hampshire.
Headon
Hill
or Barton Sands.
j
Barton Clay.

Upper Bag shot Sands.

J Bracklesham beds, and leaf beds of
Bournemouth and Alum Bay.

Middle Bagshot beds, part of Lower
Bagshot Sands.

Hampshire.
j London Clay (Bognor beds).
) Woolwich and Reading beds.

London.
Part of Lower Bagehot Sands.
London Clay.
Oldhaven beds.
Woolwich and Reading beds.
Thanet Sand.

LOWER EOCENE.-The T h a n e t S a n cV8 at the base of
the London basin consists of
pale yellow and greenish sands,
sometimes clayey, and containing at their bottom a thin,
'

This restoration was kindly supplied by Prof. Marsh, whose
Monograph
on the Deinocerata the student should consult. Mon. U. S. Geol. Bury. vol.
x. 1886.
IU See Con
ybeare and Phillips, "Geology of England and Wales"; Prest
wich, Q. J. Geol. Soc. vols. iii. vi. viii. x. xi. xiii.; Edward Forbes,
"Tertiary
Fluviomarine Formation of the Isle of Wight," Mem. Geol. Bury. 1856; II. W.
Bristow, 0. Reid, and A. Strahan, "Geology of the Isle of Wight," Mem. Geol.
S'rv. 2d edition, 1889; Whitaker, "Geology of London," Mem. Geol. Bury.
189; Phillips, "Geology of Oxford and the Thames Valley," 1871.
17 Mr. J. S. Gardner,
however, has classed as Eocene the plant-bearing beds
of Bovey, Antrim, etc., described at p. 1622 under the
Oligocene subdivision.
19 Preatwich,
Q. J. Geol. Soc. viii. 1852, p. 237.
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but remarkably constant, layer of green-coated flints
resting
on
the
Chalk.
to
Mr.
Whitaker,
it is
directly
According
doubtful if proof of actual erosion of the Chalk can any
where be seen under the Tertiary
deposits in England, and
he states that the Thanet Sand everywhere lies
an even
upon
surface of Chalk with no visible unconforrnability.1°
Prof.
Phillips, on the other hand, describes the Chalk at Reading
as having been "literally ground down to a plane or undu-

Fig. 431.-Skull of Tinoceras (Uintatherium) ingens, Marsh (about
lated surface, as it is this day on. some parts of the York
shire coast," and having likewise been abundantly bored by
hthodomous shells.2°
The Thanet Sand appears to have
been formed only in the London basin; at least it has not
been recognized at the base of the Eocene series in Hamp
shire.
It has yielded numerous organic remains in East
Its fossils
Kent, but is almost unfossiliferous further west.
marine except a few
comprise about 70 known species (all
If
ments of terrestrial vegetation).
Among them are sev
era,
raf foraminifera, numerous lamellibranchs (Astarte tenera,
Ostrea bellovacina,
Cyprina scutellaria [planata],
19 "Geology of London," p. 101.
O
"Geology of Oxford," p. 442.

Cuculla
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decussata

[crassatina], Pholadomya [martesia ?} cuneata, P.
Koninckii, Corbula regulbiensis, etc.), a few
species of gas
teropods (Natica infundibulum [subdepressa], Aporrhais
Sowerbii, etc.), a nautilus, and the teeth, scales, and bones
of fishes
Odontaspis, Pisodus).
The Woolwich and Beading Beds," or "Plastic
Clay" of the older geologists, consist of lenticular sheets of
plastic clay, loam, sand, and pebble-beds, so variable in
character and thickness over the
Tertiary districts that their
homotaxial relations would not at first be suspected.
One

type (Reading) presenting unfossiliferous lenticular, mot
tled, bright-colored clays, with sands, sometimes gravels,
and even sandstones and conglomerates, occurs
throughout
the Hampshire basin and in the northern and western
part
of the London basin.
A second tpe (Woolwich), found in
West Kent, Surrey, and Sussex,* from Newhaven to Port
slade, consists of light-colored sands and gray clays, crowded
with estuarine shells.
A third
seen. in East Kent, is
type,
These
composed only of sands containing marine fossils.
differences in. lithological and pa1aontological characters
serve to indicate the geographical features of the southeast
of England at the time of deposit, showing in
particular
that the sea of the Thanet beds had gradually shallowed,
and that an estuary now
The
partly extended over its site.
organic remains as yet obtained from this group amount to
more than 100 species.
They include a few plants of terres
trial growth, such as Ficus
orbesi, Grevillea Heeri, Laurus
Hookeri, Aralia, Lygocli urn, Liriodendron, Palmetto, and

Platanus-a flora which, containing some apparently per
sistent types, has a temperate facies.22
The limellibranchs
are partly estuarine or fresh-water, partly marine; charac
teristic species being Cyrena cuneiformis, 0. cordata, and
C. tellinella.
Ostrea bellovacina forms a thick oyster-bed
at the base of the series, besides occurring throughout the
Ostrea tenera is likewise abundant.
The gastero
group.
pods include a similar mixture of marine with fluviatile
(Potamides [Cerithiurn] funatus, INIelania, inquinata,
;ecies
Manopsis buccinoides, Neritina globulus, Natica infundi
balum,

Pisania [Fusus] lata, Viviparus [Paluclinal lentus,
Planorbis lavigatns, Pitharella Rickmanni, etc.).
The fish
are chiefly sharks (Oclontaspis).
Bones of turtles, scutes of
91 Prestwich,
Q. 3. Geol. Soc. x. p. 75; WhiLaker, "Geology of London,"
122.
p. 12
J" S. Gardner, "British Eocene Flora," Paheontog. Soc. p. 29.
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crocodiles, and remains of gigantic birds (Gastornis) have
The highest organisms are bones of mammabeen found.
]ia, including the Coryphodon.
The Blackheath or Oldhaven Beds," at the
base of the London Clay, consist in W. Kent almost wholly
of rolled flint-pebbles in a sandy base, which, as Mr. Whit
aker suggests, may have accumulated as a bank at some
little distance from shore.
Though of trifling thickness
of 150 species of
(20-40 feet), they have yielded upward
fossils.
Traces of Pious, Cinnamomum, and Oonifere have
been obtained from them, indicating perhaps a more sub
than the flora of the beds below, but with
tropical character
out the Australian and American types which appear in so
The organ
marked a manner in. the later Eocene floras."'
isms, however, are chiefly marine and partly estuarine shells,
gasteropocis being particularly abundant
IN= in
trochiformis, Potamides [Cerithmum] funatus, Melania
Cardium plamstediense, Pec
qu.inata, Natica infundibulum,
tunculus terebratularis, etc.).
The Lo n do n 01 a y25 is a deposit of stiff brown and.
nodules of argilla
bluish-gray clay, with layers of septarian
Its bottom beds, commonly consisting of
ceous limestone.
rounded flint-pebbles, some
green and yellow sands, and
times bound by a calcareous cement into hard tabular
masses, form in the London basin, a well-marked horizon.
the

The London Clay is typically developed in that basin, at
feet) in the south of
taining its maximum thickness (500
Its representative in the Hampshire basin, known
Essex.
as the "Bognor Beds," and exposed at Bognor on the Sussex
coast and at Portsmouth, consists of clays, sands, and calca
reous sandstones, thus differing somewhat, both lithologically
and palaontologically, from the typical development in the
The London Clay has yielded a long and
London basin.
varied suite of organic remains, that point to its having been
laid down in the sea beyond the mouth of a large estuary,
into which abundant relics of the vegetation, and even some
Ac
times of the fauna, of the adjacent land were swept.
Jones, the depth of the sea, as
cording to Prof. T. Rupert
indicated by the foraininifera of the deposit, may have been
" Whitaker, Q. J. Geol. Soc. xxii. 1866, p. 412; "Geology of London,"
p. 214.
,24
S. Gardner, op. cit. pp. 2, 10.
25 Prestwicb, Q. J. Geol. Soc. vi. p. 255; x. p. 435; Whftaker, "Geology
of London," p. 238.
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Prof. Prestwich has pointed out that there
about 600 feet.
the
existence of palaontologica1 zones in the
are traces of
clay, the lowest zone indicating, in the east of the area of

deposit, a maximum depth of water, while a progressive
shallowing is shown by three higher zones, the uppermost
of which contains the greater part of the terrestrial vegeta
tion, and also most of the fish and reptilian remains.
The
fossils are mainly marine mollusea, which, taken in connec
tion with the flora, indicate that the climate was somewhat
The plants include the fruits, seeds,
tropical in character.

or leaves of the following, among other genera, the fossils
having been mostly obtained from the Isle of Sheppey:
Sequoia, Pinus, Callitris, Salisburia; Musa, Nipa, Sabal,
Ohama3rops; Quercus, Licjuidarnbar, Laurus, Nyssa, Dio
spyros, Symplocos, Magnolia, Victoria, Hightea, Sapindus,
Diatoms are
Cu.pania, Eugenia, Eucalyptus, Amygdalus.26
plentifully diffused through the London Clay, and numerous
plentifully
have been found by washing it.
Crustacea
Of the lamellibranchs
abound (Xanthopsis, Hoploparia).

some of the most usual genera are Avicula, Cardium, Cor
bula, Leda, Mocliola, Nucula, and Pinna.
Gasteropods are
the prevalent mollusks, the common genera being Pleuro
toma (45 species), Fasus (15 species, Cypra, Murex, Na
tica, Cassis (Cassidari4 Pyrula, and Voluta.
The cephalo

are represented by 6 or more species of Nautilus, by
Belosepia sepioidea, ana Beloptera Levesquei.
Nearly 100
species of fishes occur in this formation, the rays (Mylio
bates, 14 species) and sharks (Odontaspis, Lamna, etc.) being
pods

A sword-fish (Tetrapterus priseus), and
specially numerous.
a saw-fish (Pristis) have likewise been met with.
The rep
tiles were numerous, and markedly unlike, as a whole, to
those of Secondary times.
Among them are numerous tur
tles and tortoises (Ohelone, 10 species, Trionyx, 1 species,
Platemys, 6 species), two species of crocodile, and a sea
snake (Paheophis toliapicus), estimated to have equalled in
size a living Boa constrictor.
Remains of birds have also

been met with (Lithornis vulturinus, ilalcyornis toliapicus,
Dasornis londi nensis, Odo ntopteryx tolia picus,
Argillornis
The mammals included forms resembling the
longipennis).
tapirs (E[yracotherium, Coryphodon, etc.), an opossum (Di
The carcasses of these animals must
deiphys), and a bat.

26

Ettingshn.usen and Gardner, "British Eocene Flora," Pala3ontograph. Soc.
p. 12; Ettingshausen, Proc. Roy. Soc. xdx. 1879.
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by the great river which trans
ported so much of the vegetation of the neighboring land.
MIDDLE EOCENE.-In the London basin this division
have

been borne seaward

consists

chiefly of sands, which are comprised in the two
The
sub-stages of the lower and middle "Bagshot Beds."
lower of these, consisting of yellow, siliceous, unfossilifer

ous sands, with irregular light clayey beds, attains a thick
ness of about 100 to 150 feet.
The second sub-stage, or
"Middle Bagsbot Beds," is made up of sands and clays,
sometimes 50 or 60 feet thick, containing few organic re
mains, among which are bones of turtles and sharks, with a
few mollusks (Oarclita acuticosta, C. eleans, 0.
planicosta,
0. imbricata, Corbula gallica, 0. Lamarckii, Ostrea flabellula.
In the Hampshire basin, the Middle Eocene beds attain
a much greater development, being not less than 660 feet
thick at the west end of the Isle of Wight, where they con
sist of variously-colored unfossiliferous sands and
clays, with
minor beds of ironstone and plant-bearing clays, pointing to
ar n alternat*on
I
of marine and estuarine conditions of do.
On the mainland at Studland, Poole, and Bourne
posit.27
mouth, the same beds appear.
The important series of
clays, mans, sands, and lignites, upward of 100 feet thick,
known as the Bracklesham beds from their occurrence at
Bracklesham, on the coast of Sussex, has yielded. a large
series of marine organisms.
Among these are the fishes
Pristis, Oclontaspis, Lamna, Myliobates, also
Pahophis, and
the mollusks Belosepia sepioidea, B. Owenii, Cyprea inflata,
C. tuberculosa, Marginella eburnea, M. ovulata, Voluta
crenulata, V. spinosa, V. angusta, V. Branderi, V. cythara,
Mitra labratula, Conus deperditus, C. La.
V. muricina,
rnarckii,
Pleurotoma
clentata,
P.
textiliosa,
Pteronotus
Clavalithes
(Fusus)
(Murex) asper,
longievus, Turritella
inil) ricat.aria, Ostrea dorsata, 0. fiabellula, Pseud-arnusium
corneus, P. squarnula, Lima expansa, Spondylus
Avicula
media,
Pinna rnargaritacea,
Modiola
rarispina,
(Lithodornus?) D eshayesi, Area biangula (Brancleri), A.
(Pecten)

A.
4 ucula
granulata,
interrupta,
planicosta,
Limopsis
Cardita
acuticosta, 0.
minor, Nuculana (Leda) galeottiana,
C.
Orassatella
planicosta,
grignonen
elegans, C. imbricata,
calearata,
C.
Nnrnmulites
sis, Chama
gigns,
hevigata, (N.
The
na
fusiformis.28
Bracklesham
beds reap.
scabra) Alveoli
21 "Geology of the Me of Wight" in Mem. Geol. Surv. p. 109.
" See Dixons "Geology of Sussex"; Edwards and S. Wood,
"Monograph
of Eocene Mollusca," Palaontograph. Soc.
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pear to a small exent, as greenish clayey sands, in the London basin, where they form part of the Middle
Bagshot beds.
One of the most characteristic features of the
English Mid.
die Eocene division is the abundant terrestrial flora which
has been disinterred especially from the plant-beds of Alum
It is remarkable that this
Bay and Bournemouth.
vegeta
tion is apt to occur in patches or "pockets" which
may mark
the sites of pools into which it was blown by wind or trans
ported by streams, so that varied though it be, it probably
affords no adequate picture of the
variety of the flora from
which it was derived.
From Alum Bay, in the Isle of
Wight, according to Ettingshausen's census, no fewer than
116 genera and 274 sp.ecies belonging to 63 families have been
29
obtained.
A feature of special interest in this flora is to be
found in the fact that it is the most tropical in general aspect
which has yet been studied in the northern
hemisphere.
This character is particularly indicated by the numbers of
species of fig, and by the Artocarpee, Cinchonace, Sapo.
tace, Ebenacee, BUttneriacea, Bombacea,
Sapindacea,
etc.
The
most
and
MaIpighiaeee,
conspicuous
typical
forms are Ficus Bowerbankii, Aralia
primigenia, Dyandra
acutiloba, D. Bunburyi, Cassia Ungeri, and the fruits of
Cesalpina.
Many of the dicotyledons belong to species else
where found in what have been considered to be Miocene
More than fifty species of the Alum
deposits.
Bay flora are
found also in those of Sotzka and Hring (p.
1610), while a
lesser number occur in those of Szanne
(p. 1604) and the
The Bournemouth
Lignitic series of Western America."
beds are believed to be rather higher in the series than those
of Alum Ba, and lie
immediately below the Bracklesham
beds.
None' of the prevailing types of
plants are found in
them that occur at Alum Bay, but this
may no doubt be due
to local accidents of
The
Bournemouth flora is
deposition.
likewise an abundant one, and
suggests a comparison of its
climate and forests with those of the
Malay archipelago and
The celebrated lignitiferous
tropical America."
deposit of
in
Devonshire has been referred by Mr. GardBovey Tracey
M. Gardner suspects that in this estimate species from other localities
have been included with those from Alum Bay, "Geology of the Isle of Wight"
in Morn. Gool. Surv. p. 105.
°
See J. S. Gardner, Geol.
Ettingshausen, Proc. Roy. Soc. 1880, P. 228.
Mag. 1871, p. 129; .lNaturo, vol. xxi. 1879, 181, the Monograph on Eocene
Flora already cited, and "Geology of the Isle of Wight" in Mem. Gaol. Surv.
p. 104.
' .1. 8. Gardner,
Q. J. Gaol. Soc. xxxv, 1879, p. 209; xxxviii. 1882, p. 1;
Proc. Gaol. Assoc. v. p. 51; viii. p. 305; Gaol. Mag. 1882, p. 470.
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Crocodiles still haunted the waters1
ner to this horizon."
for their bones are mingled with those of sea-snakes and
turtles, and with tapiroid and other older Tertiary types of
The occurrence of the forammiferat
terrestrial creatures.
Nummulites is noteworthy.
Though not common
genus
in England, it abounds, as already stated, in the Eocene
deposits of central and eastern Europe.
UPPER EOCENE.-The highest division of the Eocene
strata of England, according to the classification here fol.
lowed, includes the uppermost part of the Hampshire series,
which has long been known as the "Barton Clay," with,
perhaps, the tipper Bagshot Sand of the London basin.
The Barton Clay does not occur in that basin, but forms
an important feature in Hampshire, where, on the cliffs of
Hordwell, Barton, and in the Isle of Wight, it attains
a thickness of 300 feet.
It consists of gray, greenish, and
brown clays, with bands of sand, and has long been well
known for the abundance and excellent preservation of its
fossils, chiefly mollusks, of which more than 500 species
have been collected, but including( also fishes (Lamna,
The
Myliobates, Arms) and a crocodile Diplocynodon).
following list includes, some of the more important species
for purposes of comparson with equivalent foreiorn deposits:
Voluta luctatrix, V. ambigua, V. athieta, Oonoris (Oonus)
scabriculus,

C.

dormitor, Pleurotoma rostrata (and numer
ous other species), Olavalithes (Fasus) longevus, Leistoma
Ostrea gigantea, 0. flabellnla, Vulsella deperdita,

Dyrus,
-ecten reconditus, Lima compta, L. soror, Arvicula media,
Modiola semind.uda, M. sulcata, M. tenuistriata, Area ap
pendiciilata, Axinaa (Pectunculus) deleta, Cardita David
soni,

0.

sulcata,

Crassatella

sulcata,

Chama

squamosa,
Nu.rnmulites elegans, N. vai'iolaria.
In the London basin the position of the so-called "Upper
Bagshot Sands" has been the subject of some discussion,
there being no marked separation between them and the
group known as "Middle Bagshot."
They consist of sands
with ferruginous concretions which have yielded Turritella
imbricataria, Ostrea flabellula, and other shells found in the
Barton Clay.
Above the Barton Clay and forming the highest member
of the Eocene series comes a mass of unfossiliferous or
sparingly fossiliferous sand, from 140 to 200 feet in thick-

Quart. Journ. Geol. Soc. xxxv. p. 227; xxxviii. p. 3. For an account of
this deposit and its ilora, see W. Pengeily and 0. Eleer, Phil. Trans. 1862.
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ness, so purely siliceous as to be valuable for
glass-making.
These deposits in the Isle of Wight are
immediately cov
ered by the base of the Oligocene series.
They have been
called "Upper Bagshot," but as they probably
occupy a
horizon
than
the true Upper Bagshot Sand of the
higher
London basin, the local term Headon Hill Sand or Barton
Sand is more convenient for them.""
It is probably from the Bagshot sands that the
great
so-called
"Gray Wethers" or "Druid
majority of the
stones" of the south of England have been derived, which
have already (p. 604) been referred to.
Northern France and Belgium."-The anticline of the Weald
which separates the basins of London and
Hampshire is
into
the Continent, where it divides the Tertiary
prolonged
areas of Belgium from those of Northern France.
There

is so much general similarity among the older
Tertiary de
of
the
whole
area
traversed
this
fold
as
to indicate
posits
by
a probable original relation as
of
one
parts
great tract of
sedimentation.
Local differences, such as the
replacement
of fresh-water beds in one region by marine beds in another,
together with occasional gaps in the record, show us some
of the geographical conditions and oscillations
during the
time of deposition.
The following table gives the general
and
correlation of the Eocene formations in this
grouping
region:
Marine gypsum of Paris basin.
Middle sands (Sables Moyens).
Caillasses or Upper Calcaire Grossier
(fresh-water).
Middle Calcairo 0-rossier (marine).
Lower Calcaire Grossier (fresh-water).
i Sands of Cuise and Soissons.
Plastic clays and lignite.
I Limestones of Rilly and S6zanne.
Sands of Bracheux and MeuclonMarl.
,

Wemmelian sands of Belgium.

Lackenian sands.
Bruxelliau sands and sandstones.
Paniselian sands.
Ypresian sands and clays.
Mandenian sands.

LOWER EOCENE. -In the Paris basin, the Sables de
Bracheux form an excellent horizon, which
corresponds
to the Thanet Sand of
England and Dumont's "Système
Landenien" in Belgium.
Below this horizon, there occurs
in the
Frauco-Belgian region a lower series of deposits than
-11 C. Reid,
"Geology of l;he Isle of Wight," Mom. Geol. Surv. p. 122.
34 For a
comparison of the Lower Eocene groups of Paris. Belgium and Eng
land see Hebert, Bull. Soc. Geol. France
Prestwich (Brit. Assoc.
(3), ii. p. 21.
1882, p.. 538) regards the Sables do Bacheux as
representing only the lower part
of the Woolwich beds.
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In the Paris basin, these strata
England.
present variable and local characters.
They include the
Marnes de Meudon, remarkable for containing 20
per cent
of carbonate of strontia; and the limestones of Rip
and
Szanne-a form of travertine from which fresh-water shells
and a rich assemblage of plants have been obtained (Chara,
As plen.ium, Alsophylla,
Sassafras, Hedera,
Juglandites,
etc."

To the north of Paris, the Marnes de Meudon dis
appear, and their place is taken by the Sables de Bracheux
-greenish glauconitic sands with a basement-band of green
coated flints resting generally directly on the Chalk.
This
member
of
the
series,
traceable
as
a
definite
sandy
plat
form through the Anglo-French and Belgian area, contains
among its characterstie fossils Pholadomya cuneata, P.
Koninckii, Cy_prina Morrisii, Cucul1aa crassatina, Pecten
breviauritus, Psammobia Edwardsii,
Ostrea
Oorbala regulbiensis, T urritella bello vac ina,

bellovacina,
Natica des

hayesiana, Voluta deressa.
Higher in the series comes
'
the "Argue plastique
of the Paris basin, with the asso
ciated lignites of the Soissonnais.
The molluscan fauna of
these strata resembles that of the Woolwich and
Reading
beds.
But a break seems to occur in the series at this
point; for in the Paris basin no representative of the London
The lignites of the Soissonnais are covered
Clay is found.
by sands (Sables de Cuise or du Soissonnais) containing,
marine
among other abundant
Nummulites
organisms,

Turritella edita, T. hebrida,
Orassatella pro.
planulata,
pinqua, Lucina squamula; they are regarded as the equiv
alent of the lower part of the English Bagshot Sand, and
form the highest member of the Lower Eocene
stages of the
Paris basin.
In the B e 1 g i a n area, some differences are
presented in
the succession of sediments.
The strata of that district have
been grouped by Dumont into a series of
The
"systèmes."
most ancient Tertiary deposit of the west of
Europe appears
to be the limestone of Mons
Montien).
This rock
(Systine
lies in a denuded hollow of the Chalk, and has been found
It consists of
by boring to be more than 300 feet thick.
friable and compact limestone, charged with a remarkable
series of organic remains.
Upward of 400 species of fossils
have been obtained from it, including marine, fresh-water,
85 Hébert, Ann. Sciences Cool. iv. 1873, Art. iv.
p. 14.
311
Saporta, Mom. Soc. Geol. France (2) viii.; "Lu Mondes des Plantea," p.
212 et &eq.
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and terrestrial shells.
Among them are about 200 species of
125
lamellibranchs, and fifty polyzoa,
gasteropods, about
besides numerous foraminifei's
(Quinqueloculina), and cal
careous alge (Dactylopora, Acicularia, etc.).
Two con
features
in this deposit are the extraordinary
proportion of its new and peculiar species, and the resem
blance of its fauna, especially its numerous Ceritbiums and
spicuous

Turritellas, to that

of

the Middle Eocene beds of Belgium
and the Paris basin rather than to that of the Lower
Eocene.
The Mons limestone has thus been cited as an
illustration of Barrande's doctrine of colonies."'
Above this deposit comes the "Système ileersien," so
named from its development at Heers, in Limbourg.
With
a total depth of about 100 feet, it consists of
(1) a lower
division of sandy beds, with Cyprina planata, 0. Morr.isii,
Modiola elegans, and other marine shells, some of which
occur in the Thanet Sand of England and the Sables de
Bracheux; and (2) an upper division of mans, containing,

besides some of the marine shells found in the lower divi
sion, numerous remains of a terrestrial vegetation (Osmuncla
eocenica, 0hamcyparis belgica, Poacites latissimus, and

species of Quercus, Salix, (Jinnamoinuni, Laurus, Vihui'
num, Hedera, Aralia, etc.).
The "Système Landien," corresponding to the Thanet
and Woolwich and Reading beds of
nglan'd and the Sables
de Bracheux, Argue plastique, and Ligriites du Soissonnais
of France,

is

two stages: 1st, Lower marine
gravels, conglomerates, sandstones, mans, etc., with badly
fossils, among which are Turritella bellovacina,
Mreserved
cullzea decussata (crassatina), Cardium Ed. wardsii, Cyprina
divisible

into

planata, Corbula regulbiensis, Pholadornya Koninckii; 2d,
Upper fluvio-rnanine sands,. sandstones, mans, and lignites
containing Melania inquinata, Melanopsis buccinoides, Ce
rithium funatum, Ostrea bellovacina, Cyrena cuneiformis,
with leaves and stems of terrestrial plants.
The "Système Yprsien" consists of a great series of
clays and sands answering generally to the London Clay,
but not represented in France.
It is divided into two
1st,
Lower stiff gray or brown clay (Argue de
stages:
Flanders

ou

d'Ypres',

sometimes

becoming

sandy,

and

Briart and Cornet, Mom. Oouronn. Acad. Roy. Beig. xxxvi. 1870; xxxvii.
1873; xliii. 1880.
Mouron, "Geol. BeIg." 1880, p. 192.
ilébert (Ann. Sciences Geol. iv. 1873, p. 15) has noticed an affinity to the uppermost Cretaceous
fauna of Paris.
Do Saporta and Marion, Mom. Coir. Acad. Roy. Beig. xll. 1878.
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London Clay.
The
probably an eastward extension of the
break between this deposit and the top of the Lancle.
than beds below is regarded as filled up by the Oldhaven
beds of the London basin.
The only recorded fossils are

agreeing with those of the London Clay.
2d, Upper sands with occasional lenticular intercalations of
thin grayish-green clays, with abundant fossils, the most
frequent of which are N ummulites planulata (forming ag
Vermetus
gregated masses), Turritella edita, T. hybrida,
Lu
bognorensis, Pecten corneus, Pectunculus decussatus,
Out of 72 species of mol
cina sqnamula, Ditrupa plana.
lusks, 45 are found also in the Sables de Cuise and 20 in
foraminif era

the London Clay."
The "Système Paniselien," so named from Mont Panisel
near Mons, consists chiefly of sandy deposits not markedly
fossiliferous, but containing among other forms Rostellaria

Turritella Dixoni, Cytherea am
Out of. 129 species of mollusca
bigua, Lucina squamula.
found in this deposit, 91 appear
n the Sables de Cuise,
Hence the
and only 36 pass up into the Calcaire Grossier.
Paniselian beds are placed at the top of the Lower Eocene
fissurella, Voluta elevata,

stages of Belgium.
MIDDLE EOCENE.-This division in the P a r is b a s i n
is formed by the characteristic, prodigiously fossiliferous
Calcaire 0-rossier, which is subdivided as under :°

+)
°
-%-

w
"
o

1
I
I

er
sub
Upper
group with
Cardium oband
liquum
Oerithium
denticulatum

I
I Middle
subI
with
group
Lucina saxorum and Milola.
I
I Lower
subI
with
group
Cerithiumlaand
pidum
Miliola.

(4" Limestone with Cardium obliqauni and (Jerithium
Blainvilli.
I
3. Limestone with Cerithiuin denticulatum and C. ensj
tatum.
1
undetermined forms of
I 2 Siliceous limestone with
Potami des.
1 1. Coral limestone (Stylocania).
4. Siliceous limestone with parting of laminated marl.
I 3. Limestone in small thin boards with Carbula
I
(Roehette).
2. Limestone with Miliola and Lucina saxorum
(Roche).
Siliceous limestone with indeterminate fossils (Eanc
francs .
L
Limestone (dolomitic) with Miliola (Cliquart).
Green marl
ç Siliceous limestone in two beds )',. Blanc vert.
Green marl. .
limestone (dolomiUc) (Saint Nom).
2
Miliola
I
limestone with Potamides.
:
Siliceous
..

89 Mounlon, "Geol.
Beig." p. 211.
40 Dollfus, Bull. Soc. Geol. France, 3e ser, vi. 18?8, p. 269.
Michelet, op. cit. 2e ser. xii. p. 1336.

Compare
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5. Limestone with Lucina concentrica, Area barbatula, Cardium avicu
lare, Miliola, etc.
4. Limestone with Orbitolites, Fusus bulbiformis, Volvaria bulloides,
Cardiu!n granulosum, Arcs quadrilatera, several species of large
Flustra or Membranipora.
3. Limestone with Fabularia and terrestrial vegetation (Orbitolites corn
planata, C)hama calcarata, Cardita imbricata, etc.).
Mass
of Miliola limestone (Turritella imbricataria, C)hama calcarata,
2.
Lucinamu tabilis, etc.).
1. Limestone with Miliola and Terebrátula (P. bisinuata).
5. Glauconitic caLcaire grossier with Cerithium giganteum.
4. Glauconitic calcareous sand with Lenita patellaris.
3. Sandy glauconitic calcaire grossier with Cardium porulosum.
2. Sandy glauconitic calcaire grossier, with Nummulitos 1vigat.a, N.
scabra, Ostrea multicostata, 0. flabellula, Ditrupa plana.
1. Glauconitic sand, sometimes calcareous and indurated, with pebbles
of greon quartz, shark's teeth, and rolled. fragments of coral.

4,
0 in
(D 0

.
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"
1. 0

In

B e 1 g i ii m the Middle Eocene presents a different
from
that of Paris, approximating rather to the
aspect
It consists of (1) a lower set of sandy
English Type.
beds grouped under the name of "Bruxellien," rich in
fossils,
which,
however,
are
usually
badly preserved.
the
forms
are
of
remains
terrestrial
Among
vegetation
Burtini),
also
crassus,
Maretia
(Nipa
Paracyathus
grigno
nensis, Pyripora contesta, Ostrea cymbula, Cardita decus
sata,
Ohama
calcarata,
Cardium
Cerithiurn
porulosum,
unisulcatum, Natica labeflata, Voluta lineola, Ancillaria
buccinoides, Clavalitlies (Fusus) 1ongavus, numerous re
mains of fishes, especially of the genera Myliobates, Oclon
Lamna, Galeocerdo, and various reptiles,
including
and
Chelone,
with
species of
Trionyx
Emys Camperi,
Garialis Dixoni, and Pala3ophis typhus;
(2) a group of
sands
and
fossiliferous calcareous sandstones
( 'Lacke
nien"), made up of Ditrupa strangulata and Nummulites
(N. lvigata, N. scabra, N. ileberti, N. varioIaria, and
abounding in An.omia subhvigata.
taspis,

UPPER EOCENE.-In the P a r is, basin
sion consists of the
following stages:"
:
"E

this

subdivi

I Gypsum with nodules of silica (menifite), and containing marine fossils
(Cerithi urn tricariiiatum, C. pleuroto moides, Turritella incerta).
Yellow mans with Lucina inornata.
Gypsum, saccharoid and crystallized, with brown mans.
Yellow, brown and greenish mans, with Pholadomya ludensis, Crassotefla
Desmaresti, etc.
.
41 See Doilfus,
op. cit.
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Green sands of Monceaux (Cerithium Cordieri, 0. tricarinatum, Natica
parisiensis).
Limestones of Saint Ouen-a many fresh-water rock 20 to 26 feet thick,
composed of two zones, the lower full of Bythinia, and the upper
abounding in Llinnaa.
Sands of Mortefontaine (Avicula Defrancel).
Sands and sandstones of Beauchamp (CeniLhium mutabile, 0. tuberculosum,
0. Bouei, Melania hordacea, M. lactea, Cyrena deperdita, Planorbia
nitidulus, Corbula galUca, etc.)
Sands, etc., wil h Nummulites variolania, Ostrea dorsa ta, Oyrena deperdita,
corals, Lamna elegans, Odontaspis (Otodus) obliq.uus, etc.
Northward

in

the

B e I g i a n area, near Brussels, the
highest Eocene strata consist of sands and calcareous sand
stones(" W emmelien"),
separated from the similar Lacke
nian beds below
by a gravel full of Nummulites variolaria.
Other common fossils are
Turbinolia sulcata,
Corbula
pisum, Cardita sulcata, Turritella brevis, Olavalithes (Fusus)
1onvus.

eceding from the Paris basin, the Eocene deposits as
sume entirely different characters as they are traced into the
west, centre, and south of France.
According to Vasseur's
detailed researches, a long irregular arm of the sea
pene
trated Brittany in Eocene times from where the Loire now

enters the Atlantic, while the northwestern
part of Vende
was likewise submerged.
In these waters a series of lime
stones and sands was deposited, which from their fossil con
tents appear to be the equivalents of the Calcaire Grossier.
They pass up into lacustrine and. brackish-water beds like
the corresponding groups at Paris. 42 In the south of France,
the Eocene rocks chiefly present the nummulitic fades to be
immediately referred to, and in some places attain a great
development, as near Biarritz, where they are more than
3000 feet thick.
Southern Europe.-The contrast between the facies of the
Cretaceous system in northwestern and in southern
Europe
is repeated with even greater distinctness in the Eocene
series of deposits.
From the Pyrenees eastward, through

the Alps and Apennines into Greece and the southern side
of the Mediterranean basin, through the Carpathian Moun
tains and the Balkan into Asia Minor, and thence through
Persia and

the heart of Asia to the shores of China and
Japan, a series of massive limestones has been traced, which,
'' G. Vasseur, Ann. Sci. Geol. xiii. 1881.
(3) x. 1882, p. 364.

Hbert, Bull. Soc. Geol. France
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from the abundance of their characteristic foraminif era, have
been called the Nummulitic Limestone.
Unlike the thin,
soft, modern-looking, undisturbed beds of the Anglo-Pan
sian area, these limestones attain a depth of sometimes sev
eral thousand feet of hard,

compact, sometimes crystalline
rock, passing even into marble; and they have been folded
and fractured on such a colossal scale that their strata have
been heaved up into lofty mountain crests sometimes 10,000
and in the

Himalaya range more than 16,000 feet above the
sea.
With the lirnestones is associated the sandy series
known as Nummulite Sandstone.
The massive unfossilifer
ons

Vienna

sandstone and Flysch, already referred to as
probably in part Cretaceous, are no doubt also partly refer
able to
ocene time.'"
One of the most remarkable features
of these Alpine Eocene deposits is the occurrence in them of
coarse conglomerates and gigantic erratics of various
crystal
line rocks.
As far east as the neighborhood of Vienna, and
westward at Bolgen near Sonthofen. in Bavaria, near flab
keren and in other places, blocks of granite, granitite, and
These
gneiss occur singly or in groups in. the Eocene strata.
travelled masses appear to have most
petrographical resem
blance, not to
Al pne rocks now visible, but to rocks in
any
southern Bohemia.
Their presence may
possibly indicate
the existence of glaciers in the middle of Europe during
some
of the Eocene age."
Another interesting Eocene
part
deposit of the Alpine region is the coal-bearing group of
flring, in the Northern Tyrol, where a seam of coal occurs
which, with its partings, attains a thickness of 32 feet.
The Nummulitic series has been divided into stages in

43 The
Th. Fuchs,
history of the Flysch has given rise to some discussion.
for instance, regarded it as having probably been dorivod from eruptive dis
charges such as those of mud volcanoes (Sitz. Akad. Wien, lxxv. 1877, p. 340;
Vorh. Gool. Reich. 1878, p. 135). This view was opposed by K. M. Paul, who
looked on the Flysc.h as a normal sedimentary formation (Jahrb.(-eol.Reich. 1877,
p.431; Vorh. Geol. Reich. 1878,p. 179). By some geologists the rocks have been
regarded as a deep-Rca deposit, by others as an accumulation in shallow water,
Renevior, Arch. Sci. Phys. Nat. Geneva (3) xii. 1884, p. 310.
See also Man
tovani, Neucs Jahrb. 1877; Schardt and Favro, "Description Geol. des Prealpes
du Canton do Vaud," etc. 1887.
Kauffmann, "Description do la partie nord
ouest do la feuille xii. de la Carte Geol. Suisso," 1886.
F. Sacco, Bull. Soc.
0. Mayer-Evmar, "Versuch eiuer Classifica
Beige, do Geol. iii. 1889, p. 153.
tion cler tertiar Gobildo Europas," Vorh. Schweitz. Naturf. Ges. 1857.
' That a
glacial period occurred at the close of the Cretaceous period, again
at the end of the Eocene and in the Miocene (erratics of Superga, near Turin)
has been regarded by some geologists as probable : A. Vezian, Rev. Sd. xi.
1877, p. 171; Schardt, "Etudes Geologiques sur le pays d'Enhaut Vaudois,"
Bull. Soc. Vaucj. 1884.
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different regions of its distribution, and attempts have been
made by means of the included fossils to parallel these stages
in a general way with the subdivisions in the Anglo-Pari
But the conditions of deposition were so differ
ent that such correlations must be regarded as only wide
In the Northern Alps (Bava
approximations to the truth.
sian basin.

ria, etc.) Gu.inbel arranges the Eocene series as under:"

Flysch or Vienna sandstone (Upper Eocene), including
younger Nummulitic beds and flaring beds.

Lower Numinulitic group.
Kressenberg beds-green
ish sandy strata abounding in fossils, which on the
whole point to a correspondence with the Calcaire
Grossier.

Burberg beds-greensand with small Nummulites and
the
Exogyra Brongniarti, answering possibly to
upper part of the lower Eocene beds of the Anglo
Parisian area.

In the southern and southeastern Alps the Eocene rocks
attain a much larger development.
The following subdivi
sions in descending order have been recognized:"'
X4 1

~R CD
E

.

( Macigno or Tassello, having the usual character of the Vienna sandNo fossils but fucoids.
stone.
Fossiliferous
calcareous marls and shales, and thick conglomelates.
(
Chief Nummulite limestone, containing the most abundant and varied
development of nummulites, and attaining the thickest mass and
widest geographical range.
Borelis (Alveolina) limestone, containing numerous large foraminifera
of the genus Borelis.
Lower Nummulite limestone, with small nummulites, and in many
places banks of corals.
Upper Foramniferal limestone, containing also intercalations of fresh
water beds (Chara).
Cosina beds, with a peculiar fresh-water fauna (Stromatopsis, Melania,
()hara, etc.
Lower Foraminiferal limestone, with numerous marine mollusca (Ano
mia, Cerithium, etc.), and occasional beds of fresh-water limestone
(Ohara, Melania, etc.).

45
"Geognostisehe Beschreib. Bayeriach. A.lpen," 1861, p. 593 et seq.
° Von Uauer, "Geologie," p. 569.
For an exhaustive account of the
and
of
the
Liburnian
stage, see G. Stache's great
stratigraphy
palEcontology
Abhandl.
k.
k. Geol. Reichsanst. xiii.
monograph, "Die Liburnische Stub,"
On the classification of the older Tertiary formations of Austria, consult
1889.
Tietze, Zeitach. Deutsch. Geol. Ges. xxxvi. 1884, p. 68; xxxviii. 1886, p. 26;
T. Fuchs, op. cit. xxxvii. 1885, p. 131.
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In the central part of the northern Apennines Prof. Sacco
regards as Eocene a mass of strata 5500 feet thick, which he
subdivides as follows:"
Bartonian.
100 metres.

Parisian
1500 metres.

essoman.
100 metres.

( Gray mans with sandy calcareous layers; numerous fossils
J
(Zoophycus, Lithothamnium, Nummuliles TchihatcheM, N.
striata, Orbitoides radians, Operculina, corals, bryozoa,
crinoids, etc.)
I.
A. thick series of many and shaly limostones (Plysch), alter.
nating with sandstones (Helminthoidea labyrinthica, Chon
dnites and other fucoids).
Roofing slates.
Shales and sandstones (Macigno).
Sandy grayish and brownish mans with calcareous sandy beds
(Lithothamnium, Nummulites biarritzensis, N. Lamareki, N.
lucasana, Assiina exponens, A. granulosa, Orbitoides,
Operculina, .Aiveolina, corals, echini, cninoids, fish-teeth,
etc.)
. Shales and
gray and brown mans, sandstones and limestones.

To the Upper Eocene series of this region has been as
signed a great series of serpentines, gabbros, diabases, soda
potash granites, and other eruptive rocks, with tuffs and con
glomerates, marking copious submarine volcanic activity."'
India, etc.-As above stated, the massive Nummulitic lime
stone extends through the heart of the Old World, and en
ters largely into the structure of the more
important moun
tain chains.
In India a tolerably copious
development of
Eocene rocks has been observed, but it is not
quite certain
where their upper limit should be drawn to
place them on a
with
the
in
The
parallel
corresponding groups
Europe.
in
subdivisions
order
are
observed in
following
descending
Sinci :°
Nan

Sandstones without marine fossils, and
probably of fresh-water origin, 4000 to 6000 feet,
representing, perhaps, Upper Eocene and Oligocene
or Lower Miocene beds of Europe.
Kasauli and Dagshai
groups of sub-Himalayas.
Kirthar group.
A marine limestone formation in
gen
eral, but passing locally into sandstones and shales.
The upper limestones contain Nummulites
garansen
sis, N. sub1vigata.
group.

Nummulitjc

4

limestone

of Sind,

Punjab,

Assam,

Prof. Sacco has contributed many papers on this subject.
See, for examBull.
Soc. Geol. Prance (3) xvii. 1889, p. 212.
pie,
48 0. do Stefani, Boll. Soc.
Geol. Ital. viii. fase. 2, 1889; a copious list of
previous writers on the subject will be found in, this paper.
49 Medlieott and Blan.ford,
"Geology of India," chap. xix.
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Burmah, etc.

Subathil of sub-Himalayas, Indus
or Shingo beds of Western Tibet.
Ranikot beds-sandstones, shales, clays with
gypsum
and lignite, 1500 to 2000 feet; abundant marine
fauna, including Nummulites spira, N.
irregularis,
N. Leynieriei.
Lower Nummulitic group of Salt Range.

North America.-Tertiary formations of marine origin ex
tend in a strip of low land along the Atlantic border of the
U nited States and Mexico, from the coast of New
Jersey
southward into Florida and round the margin of the Gulf of
Mexico, whence they run up the valley of the
Mississippi to
On the western seaboard
beyond the mouth of the Ohio.
they also occur in the coast ranges of California and Oregon,
where they sometimes have a thickness of 3000 or 4000 feet,
and reach a height of 3000 feet above the sea.
Over the
Rocky Mountain region Tertiary strata cover an extensive
area, but are chiefly of fresh-water origin.
In the States bordering the Atlantic and Gulf of Mexico
the oldest Tertiary deposits are referred to the Eocene series,

and in. some places (New Jersey) appear to follow conform
ably on the Cretaceous rocks.
They have been subdivided
into four groups, which in the State of
Mississippi are well
developed, with the following characters:"
4. Jackson beds ("White Limestone" of Alabama),
white and blue mans underlain by lignitic clay
and lignite (80 feet) with Zeuglodon
macrospon
Cardita
Cardium
Nicolleti,
Leda
dylus,
planicosta,
multilineata, Corbula bicarinata, Rostellaria ye
lata, Voluta dumosa, Mitra dumosa, Conus tor
tilis, Cyprea fenestralis, etc.
Claiborne
3.
beds, white and blue mans, and sandy

2.

1.

beds with numerous shells which indicate a hori
zon equivalent to that of part of the Calcaire
Grossier of the Paris basin.
Buhrstone (Siliceous Claiborne), sandstones and
siliceous impure limestones with Claiborne fos
sils (400 feet and upward).
Lignitic sands and clays, with marine fossils, and
with interstratified lignites
and plant-remains
(Quercus, Populus, Ficus, Laurus, Persea, Cor
nus,

Olea,

Rhamnus,

Magnolia,

etc.).

bO A.
Heliprin, "Contributions to the Tertiary Geology and Paleeontology of
the United Stases," 1884; Proc. Acad. Phuladeiph. 1887.
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Over the Rocky Mountain region and the vast plateau lying
to the east of that range the older Tertiary formations con
sist mainly of lacustrine strata of great thickness, the ex
traordinary richness of which in vertebrate and particularly
mammalian remains, already referred to (p. 1593), has given
them a high importance in geological and pa1ionto1ooica1
The following subdivisions in descending order
history.
were established some years ago:
4.
3.

Uinta group (400 feet) or "Diplacodon beds."
Bridger group (5000 feet) or "Deinoceras beds."

2. Green River group (2000 feet).
1. Wahsatch (Vermilion Creek) group (5000 feet).

More recent researches in Colorado and elsewhere have
somewhat modified this grouping.
In the Denver region
the so-called "Laramie" series (p. 1575) has been found to
consist of three divisions: (1) a lower member, 700 to 800
feet

thick,

conformable

with

the

Cretaceous

Fox

Hills
group, containing productive coal-seams and a flora and
fauna characteristic of the Laramie group as usually under
stood; (2) a middle member, called the Arapahoe group,
resting on the first unconformably, with a conglomerate at
its base, containing pebbles of the underlying formation and.
other older rocks; (3) an upper member, the Denver group,

1400 feet thick, unconformable to the middle division, and
The
largely composed of the debris of andesitic lavas.
strong uncouformability between the Laramie beds (No. 1)
and the Arapahoe group (No. 2) is believed to mark a con
siderable interval of time between the highest Cretaceous
and oldest Tertiary deposits of this region.5'
In southern

Colorado the Eocene strata have been described as 7000 feet
thick, resting unconformably on the Laramie series.
The
lowest member (Poison Canton), 3500 feet thick, and the next
division (Ouchara), 300 feet thick, are classed as Lower
Eocene; the upper (Huerfano), 8300 feet thick, is believed
to be equivalent to the Bridger group.
Australasia.-Though vast areas in this region are covered
with strata which sometimes attain a depth of several hun
dred feet, containing both terrestrial and marine deposits,
and which are referable to various parts of Cainozoic time,
no satisfactory correlation of the beas with European equiv.
' Whitman Cross, Amer. Journ. Sci. xxxvii. 1889,
p. 261; xliv. 1892, p. 19;
Proc. Colorado Sd. Soc. Oct. 1892.
61 R. 0. Hills, Proc. Colorado Sd. Soc. iii. 1888,
p. 148, 1889, p. 217, 1891.
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alents has yet been made, if, indeed, such a correlation is at
all probable or possible.
All that can be safely affirmed is
that a succession among these beds can be traced with an
increasing proportion of recent species in the younger parts
of the series.
Throughout the whole eastern Australia, in
cluding most of New South Wales and Queensland, no
marine Tertiary fossils have been discovered.
in the
southwest

of

New South Wales and in Victoria,
previous
to the eruption of basalt-sheets and tuffs, an extensive
series of conglomerates, siliceous sandstones,
clays, iron
stones, and lignites was
in
and
deposited
valleys
probably
On the
lake-basins.
Dividing Range these strata rise to
4000 feet above the sea.
At Bacehus Marsh in Victoria
and. elsewhere they have yielded leaves of Laurus, Oinna
momum, etc., some of which closely resemble
species found
at Oeningen.
The general aspect of this flora is rather that
of tropical than of extra-tropical Australia, and. this indica
tion of a warmer temperature than at present is corroborated
by the occurrence of coral-reefs in Tasmania referred to the
Miocene period.
Above these plant-bearing beds which
have been regarded as Lower Miocene or
Upper Eocene,
marine deposits
to
be
and
Middle
supposed
Upper Miocene
occur on the flanks of the Dividing Range of New South
Wales up to heights of 800 feet.
In South Australia and
Victoria extensive marine accumulations of
clay, sand, and
limestone,
often underlying
widespread
basalt-plateaus,
have yielded., numerous foraniinifera, especially at Mount
Gambler and Murray Flats in South Australia; 40 species
of corals, which are only slightly related to the
living
species of the surrounding seas, but include three European
Tertiary species-" many. echinoderms and poiyoa, and a
n. which the genera Waldheimia,
large molluscan fauna,

Cuculha. Pectunculus, Trigonia, Cy,prea, Fusus, Haliotis,
Murex, Mitra, Trivia, Turritella, Voluta, etc., occur.
The
vertebrate organisms consist of fishes (including the world
wide genera Carcharodon, Lamna, Odontaspis, Oxyrhina),
a few marsupials (Bettougia, Nototheriurn, Phascolornys,
with some marine mammalia (Squaloclon,
Sarcophilus),
In South Australia the older Tertiary
Arctocephalus'.
divided by Prof. Tate into four grou2s,
deposits have been
which in ascending order are: (a) Inferior marine beds,
Duncan3 Q. J. Geol. Soc. 1810, p. 313. See also the papers of R. Tate,
F. MCoy, J. E. Teunison Woods, R. Etheridge Jun., F. vn Muller, Ettings.
hauseu and R. M. Johnston.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
STRATIGRAPHICAL

GEOLOGY

1615

chalk-rocks, clays, and limestones; (h) Lower Murravian
sandstones with
Zeuglodon, Lovenia,
Magasella, Mega
laster; (c) Middle Murravian limestones and sandstones,
with an abundant and varied marine fauna (Carcharodon,
Lamna, Odontaspis, Nassa, Ancillaria, Cassis, Voluta, Mar
ginella, Mangelia, Cerithium, Conus, Cancellaria, Natica,
Pecten, Lima, Spondylu.s, Nucula, Lirnopsis, Chama, Chi
one, Rhynchonella,
erebratulina, W aidheimia, Terebrat
ula, Eupatagus, Deltocyathus, etc.; () Upper Murravian
oyster-beds and sandstones (Trigonia, Pectuncul us, Tellina,
Mactra, Clypeaster, etc.).
In Tasmania an important series of older
Tertiary de
has
also
been
found.
At
the top, leaf-beds, lignites,
posits
and beds with marine fossils occur, associated with ex
tensive sheets of feispar-basalts and tuffs.
The tuffs have
Next comes a
yielded Hypsiprimnus and Phascolomys.
great series of sandstones, clays, and lignites, varying
from 400 to 1000 feet in thickness, and sometimes, as in
the Launceston basin, covering an area of at least 600
This series incloses a rich flora,
square miles.
including
of
oak,
elm,
beech,
laurel,
cinnamon,
and
araucaria,
species
with fruits of proteaceous,
sapindaceous, and. coniferous
trees.
The fresh-water and terrestrial character of the deposits is further confirmed by the occurrence in them of
Uuio, Helix,
Vitrina,
Bulimus, etc.
The
third group
in descending order is of marine
origin, and is well seen
at Table Cape.
It consists of shelly limestones, calcareous
sandstones, coral-rag and pebbly bands, and is
replete with
fossils, only from 1 to 3 per cent of the shells
belonging to
Characteristic
forms
are
Voluta
anticin
existing species.
Cassis
sufflatus,
Areheri,
Ancillaria
gulata,
mucro
Cypraa
nata, Panopaa Agnewi, Walciheimia
garibaldiana, Lovenia
Forbesi, Oellepora gambierensis."

In New Zealand rocks believed to be referable to the
upper part of the Eocene series are mainly composed of
a
sandstone with corals and
shelly calcareous
polyzoa,
which in its lower
into
an
part passes occasionally
imper
fect ii ummulitic limestone
tic
beds,
El
utehison
's
(Nummuli
beds,
Mount
Brown beds).
Quarry
Volcanic action was
Mr. It. M. Johnston, Registrar-General at Hobart, Tasmania, has
pub
lished a useful memoir entitled, "Observations with
respect to the Nature and
Classification of the Tertiary Rocks of Australasia," 1888, with references to
the principal sources of information on the
subject of Tasmanian Tertiary
geology.
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greatly developed during the deposit of these strata in
both islands.
THence interbedded lavas and tuffs are fre
quent, and in the North island the calcareous deposits are
often wholly replaced by
widespread trachyte-flows and
volcanic breccias.

Section
§ 1.
"

ii.

Oligocene

General

Characters

The term "Oligocene" was

in 1858 by Prof. Beyrich6 to

proposed in 1854 and again

include a group of strata dis

tinct from

the Eocene formations of

and

Lyell

which

had classed

France and

Belgium,

as "Older Miocene."

They

consist partly of terrestrial,
partly of fresh-water and brack
ish,

and

of

partly

oscillations

of

marine

level in

strata,

the

quently present none of

considerable

indicating
area.

European

the massive deep-water characters

so conspicuous in some of the Eocene subdivisions.
other

geographical

chronicles
of

portions
wide

is

the

the

accumulated.

changes
evidence

sea-floor

lake-basins

in

Some

fullest development
The Oligocene
mainly

of

an

linking

it

with

Australia
includes

and
some

ferns,

they

gradual

over

the

heart

thick

these

until

the

lakes

did

Miocene

subtropical

fan-palms,

and

the

preserve

of

into

Europe

were

deposits

not

attain

of

their

period.

to fleer, is composed

vegetation,
tropical

Among

conversion

lacustrine

according

living
the

which
the

of

evergreen
with

of
of

which

f lo r a,

the

conse

They

and

has

floras

of

flora

of

characters
India

America.

and
It

feather-palms (Sabal,

Phnicites), a number of conifers (Sequoia, Fig. 432, etc.),
cinnamon-trees,

evergreen oaks,

custard-apples,

gum-trees,

58 Monatsbericht. Akad. Berlin, 1854,
pp. 640-666; 1858, p. 51.
55 Rector's "Handbook of New Zealand,"
p. 28.
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figs, laurels, willows, vines, and protea

spindle-trees, oaks,

ceous shrubs (Dryandra, Dryandroides).
Among the mollusca (Figs. 483, 434) some of the more

(1
Fig. 432.-Oligocene Plants.
a, Sequoia Langsdorfii, Brongn. () (from Heer's "Flor. Tert. HeIveti," i.p1. 21);
b, Chara Lyellii, Forbes W).
important

genera

are

Meretrix

(Cyth erea),

Typhis,

Oassis,

Ostrea,
Cyreua,

Pleurotoma,

Pecten,

Nucula,

Cancellaria,
Conus,

Cardium,

Murex,

Voluta,

Fusus,

Cerithium,

.1
Fig. 438.-Oligocene Lam dflibranchs.
a, Meretrix (Cytherea) incrassata, Sow. (j; b Ostrea cyathula, Lam. (s).
Melania,
been.

PIanorbis.5

found

in

the

Numerous
lacustrine

remains

beds

the Allier, no fewer than 66
species

of

the

of

birds

have

Department

of

having been described,

which comprise
parroquets, trogons, flamingoes, ibises, peliFor a list of British Oligocene mollusca, see Mr. R. B. Newton's volume
cited on p. 1590.
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secretary-birds, eagles, grouse, and

numerous gallinaceous birds-a fauna reminding us of that
of the lakes in Southern Africa."

The

mammalia increase

Fig. 484.-Oligocene Gasteropods.
a, Flanorbis euomphalus, Sow. (3); b, Terebralia (Cerithium) pilcata, Lam, (n);
c, Potamides cinctus, Sow. (i); d, Limnwa longiseata, Brongu. (3).
in variety of

forms.

chronological

sequence

According
of

to

Gaudry

the

following

appearances and disappearances

during the Oligocene period have been noted:"'
Upper.-St. Gerand- 1
le-Puy(Allier), acairo do Beauce in
part, Sables de F011- i
tainebleaux, Hamstead beds.
I
Middle.-Oalcaire do
Brie, etc.
Lower. - Lacustrine
gypsum of Paris,
beds of Vaucluse,
St. Hippolyte, Caton, Souvignargues, Bembridge
beds,

Appearance of the genera Rhinoceros (?), Tapir, Palao
charus shrew, Plesiosorex, Mysarachne, mole, musk
rat, Lutrictis, Palaonycteris, Tetracus.
Dissappearance of Palaotherium.
Reign of Ryopotamus and
Anthracotherium.
Appearance of the genera Cadurcotherium, ilyrachius,
Entelodon, Anthracotherium, Dacrytherium, (Jhali
cotherium,
Tragulohyus,
Lophionieryx,
Hyamo
schüs (?), Gelocus, Dremotheriuni, Thereutherium,
dog (?), civet, marten, Plesictis, Plesiogale, .luro
gale, Rhinoloplius, Necrolemur.
Appearance of the genera opossum, Cho3ropotamus,
Tapirulus, Anoplotherium (Fig. 435), EUrytberium,
Cainotherium, Auchilophus, Acotherulum, Cebochce
rus, Xiphodon, Amphimeryx, Plesiarctomys, dor
mouse (?), Trechomys, Ga!ethylax (?), Ffya3uodon,
Adapis.
Reign of pachyderms. The carnivora have
still partly marsupial characters.

58 A. Mime Edwards, "Olseaux Fossiles do la France," 1867-71; Boyd
Dawkins, "Early Man in Britain," p. 54.
69 "Los Enchainements du Mondo Animal," 1878, p. 4.
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Development

Britain..-Oligocene strata are confined to one small area
in this country.
They occur in the Hampshire basin and
Isle of Wight, where, resting conformably upon the top of
the Eocene deposits, they consist of sands, clays, mans,
and limestones, in thin-bedded alternations.
They were
accumulated partly in the sea, partly in brackish, and,
Edward
partly in fresh-water.
They were Thence named by

Fig. 435.-Anoplotherium commune, Cuv.
Forbes "the fluvio-marine series," and were divided by him
and Mr. Bristow into the following groups in descending
order:"

H am s tea d B e d s.-(b) Marine stage with Corbula, Cytherea, Ostrea
.
.
.
.
31
callilera, Voluta, Natica, Cerithium and Melania
(a) Fresh-water, estuaritie and lagoon stage, with Unio, Cyrena,
Cyclas, Pahidina, Hydrobia, Melania, Planorbis, Cerithium (rare),
tur;les, crocodiles, mammals, leaves and seeds
.
.
.
.
225
B e mb r I d g e B e d 8. -(b) Bembridge mans-a fresh-water, estuanine
and marine series of clays and mans, with Viviparus (Paludina),
Melania, Mel anopsis, Limnea, Cyrena, Unlo, Ostrea, Cytherea,
.
.
.
.
.
10-120
Mytilus, Nucula .
(a) Bembridge Limestone-full of fresh-water shells (Limna,
Planorbis, etc.), and sometimes with many land-shells (Bulimus,
Achatina, Helix, etc.) .
.
.
.
.
.
.
15-25
0 81) o r n e B e d s.-Marls, clays, shales arid limestones, with Limna,
Planorbis, Paludina, Melanopsis, Melania, Ohara, etc.
.
.
80-110
Ho a d o n Beds.-(c) Upper stage, consisting of fresh-water clays,
mans and bands of limestone, with Potamomya, Limna, Cyrena,
Unio, Potamides, Planorbis, Paludina, Bulimus, etc.
.
.
40-60
GO

ft.

66
"
"

"Geology of the Isle of Wight," Mom. Geol. Survey, 2d edit. p. 124. The
grouping as here given has been slightly modified by Mr. C. Reid in the course
of a re-survey of the Isle of Wight. The strata were formerly regarded as Upper
Eocene.
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(b) Middle stage, clays, sands, barns and limestone, with brackish
water and marine fossils (Cerithiurn, Planorbis, Limnaa, Melania,
Natica, Neritina, Ostrea, Cyrena, etc.) .
.
.
.
.
30-126 ft.
Lower
mans,
and
limo
tufaceous
(a)
stage,
clays, sandstones
stones with fresh- and brackish-water shells (Iimnaa, Paludina,
Planorbis, Cyrena, Potamomya, etc.)
.
.
.
.
.
60-175
A large number of the marine mollu.sca of the ileadon
Beds
range downward into the Barton Clay, but about half
are peculiar to the Olioocene series.
Among the more abun
dant forms in the Ise of Wight are Cytherea incrassata,
Ostrea velata, 0. flabellula, :Nucula headonensis, Cerithium
concavum, Melanopsis subfusiformis, Buccinum labiatum,
Murex sexcientatus, Nerita aperta, Neritina concava, Ancil
lana buccinoides, Melania muricata, and several
species of
Cancellaria, Natica, Pleurotoma, and Voluta, with Balanus
The estu.anine and fresh-water strata are
unguiformis.
marked by species of Potamomya and Cyrena, while the
ur(.,.,Iy fresh-water deposits are fiill chiefly of LimnT. ids be
Folnging to the genera Lirnnaa and Planorbis, L. longiseata
and P. euomphalus being
the most abundant and
perhaps
Mr.
conspicuous species; Paluthna lenta is also plentiful.
Reid. has remarked that every variation in the salinity of the
water seems to have affected the molluscan fauna of the
When
estuary in which these deposits were accumulated.
the water was quite fresh the pond snails flourished in abun

dance, and their remains were mingled with those of ljnio
and Helix.
The gradual inroad of salt water is marked by
the advent of Potamomya, qyrena, Cerithium (Potamides),

Melania, and Melanopsis, while the thoroughly marine fauna
with volutes and cones shows when the sea had entirely
replaced the fresh water."
The Bembridge Limestone, one of the most conspicuous
members of the Oligocene series in the Isle of Wight, is a

remarkable example of a fresh-water limestone, full of fresh
water and terrestrial shells and nu.eules of Ohara.
The land
shells comprise tropical- looking gigantic species of B ulimus
An interesting feature in the overlying
and Achatina.
Bembridge mans is the occurrence of a thin, band from two
inches to two feet in thickness of a fine-grained limestone
like lithographic stone, containing many insect-remains with
Some twenty genera of in
leaves and fresh-water shells.
sects have been detected. in it, including forms of coleoptera,
6

C. Reid, "Geology of the Isle of Wight," Mem. Geol. Survey, p. 141.
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hymenoptera, lepidoptera, diptera, neuroptera, orthoptera,
and hemiptera.
The Hamstead (formerly Hempstead) beds form an inter

esting close to the Oligocene series.
They consist chiefly of
fresh-water, estuarine, and lagoon deposits.
But they pass
into
a
of
marine
of
strata
which only about 30
upward
group
feet are now visible.
the
more
abundant or peculiar
Among
of the shells in this marine band. the following
may be men
tioned: Ostrea cyathula, 0. adlata
(both peculiar), Cytherea
Corbula
C.
vectensis,
Ouma Charlesworthi,
Lyellii,
pisum,
Voluta Rathieri, Cerithium
plicaturn, C. Sedgwickli, C. in
ornatu.m, Strebloceras.
Considerable interest attaches to the marine band form
ing the middle division of the Headon beds, as it serves for
a basis of correlation between the English strata and their
The band, so well seen in
equivalents on the Continent.
the Isle of Wight, occurs also at Brockenhurst and other
It has yielded more than 230
places in the New Forest.
species of fossils, almost all marine mollusks, but including
also 14 species of corals.
Of these organisms, a considerable
proportion is common to the Lower Oligocene of France,
Belgium, and Germany, and 22 species are found in the
Upper Bagshot beds."
The Oligocene or fluvio-marine series of the
Hampshire
basin has likewise yielded vertebrate remains such as char
acterize the corresponding deposits of the Continent.
They
include those of rays (Myliobates), snakes
croco
(Paloryx,
dues, alligators, turtles (Emys, Trionyx, numerous
species),
and a cretacean
while
from
the
(Bahenoptera);
Bembridge
beds have come the bones of a number of the characteristic

mammals (Anchilophus, Anthracotherium,
Anoplotherium,
two species, Palicotherium, six or more
species, Chropota
mus, 1)ichodon).
The top of the fluvio-marine series in the
Isle of Wight has been removed in denudation, so that the
records of the rest of the
Oligocene period have there
entirely disappeared.

62H. Woodward, Quart. Journ. Geol. Soc. xxxv. p. 342. 0. Reid, "Geol
ogy of the Isle of Wight," p. 177.
63 0. Reid,
op. cit. p. 206.
64 A. von Koenon,
Duncan, op. cit. xxvi.
Q. 3. Geol. Soc. xx. 1864, 97.
1870, p. 66.
3. W. Judd, op. cit. xxxvi. 1880, p. 137; xxxviii. 1882, p. 461.
H. Keeping and E. B. Tawney, on). cit. xxxvii. 1881, p. 85; xxxix. 1883, p.
566. E. B. Tawney, Geol. Mag. 1883, p. 157. W. Keeping, Geol. Mag. 1883,
p. 428. J. W. Elwes, Brit. Assoc. 1882.
Sects. p. 539.
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For many years it was
customary to consider as Miocene
certain plant-bearing strata, of which a small detached basin
occurs at Bovey Tracey, Devonshire, but which are
mainly
distributed in the great volcanic
of
Antrim
and
the
plateaus
west of Scotland.
These strata have since been regarded as
equivalents of what are now termed Oligocene formations on
the Continent.
At the Bovey Tracey
locality, which is not
more than 80 miles from the Eocene leaf-beds of Bourne
mouth and. the Isle of Wight, a small but
interesting group
of sand, clay, and lignite beds, from 200 to 300 feet thick,
lies between the granite of Dartmoor and the Greensanci
hills, in what was
From
evidently the hollow of a lake.
these beds, fleer o
Zurich, who has thrown so much
light
on the Tertiary floras of both the Old World and the New,

described about 50 species of plants, which, in his
opinion,
this Devonshire
of
strata
on
the
same
group
geological
tlace
orizon with some part of the Molasse or
Oligocene (Lower
Miocene) groups of Switzerland.
Among the species are a
number of ferns (Lastrea stiriaca,
Pecopteris [Osmunda]
some
conifers,
lignitum, etc.);
particularly Sequoia Coutt
sia, the matted dbris of which forms one of the
lignite
beds; cinnamon-trees, evergreen oaks, custard-apples, euca
lyptus, spindle-trees, a few grasses, water-lilies, and a palm
Leaves of oaks, figs, laurels, willows, and
(IPalmacites).
seeds of grapes have also been detected-the whole vegeta
tion implying a subtropical climate."'
More recently, how
ever, Mr. Starkie Gardner has expressed the opinion that
this flora is on the same horizon as that of Bournemouth,
that is, in the Middle Eocene group."
If this view were
established, the volcanic rocks of the northwest, with their
leaf-beds, might be also relegated to the Eocene period.
In
the meantime, however, they are placed in the Oligocene
series as probable equivalents of the brown-coal and molasse
of the Continent.
The plateaus of Antrim, Mull, Skye, and adjacent islands
are composed of successive outpourings of basalt, which are
prolonged through the Faroe Islands into Iceland, and even
In Antrim, where the great
tar up into Arctic Greenland.
of
1200 feet, there occurs in
basalt sheets attain a thickness
them an intercalated band about 30 feet thick, consisting of

65 Phil. Trans. 1862.
' "British Eocene Flora," Paheont. Soc. 1879, p. 18. See also Q. J. Geol.
Soc. xli. p. 82. The great uncertainty in the correlation of deposits by means
of land-plants has, been already referred to (pp. 1095, 1111, 1617).
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clays, thin conglomerate, pisolitic iron-ore and thin
Some of these layers are full of leaves and fruits
lignites.
of terrestrial plants, with occasional insect-remains.
Ac
cording to the data collected by a Committee of the British
tuffs,

Association, upward of thirty species of plants have been
obtained, including conifers (Oupressinoxylon, Taxodium,
Pinu.s),
monocotyledons
Sequoia,
(Phragmites, Poacites,
Iris), dicotyledons (Salix, Populus, Alnus, Corylus, Quer
cus, Fagus [?1, Platanus, Sassafras, Acer, Andromeda, Vi
burnum, Arallia, Nyssa, Magnolia, Rhamus, Juglans, etc.)"
In the west of Scotland the volcanic sheets attain still greater
dimensions, reaching in Mull a thickness of 8000 feet, and
In
there also including thin tuffs, leaf-beds, and coals.
Mull, Skye, and Antrim, the terraces of basalt, with occa

sional comparatively thin bands of tuff, form a noble exam
ple of the extravasation of great piles of lava without the
formation of central cones or the discharge of much fragmen
tary matter (p. 437).
They have
bosses of gabbro and of various
send

veins

into

and

alter the

traversed

been. invaded by huge
grantoid rocks,* which
basalt.
They are likewise

by veins of pitchston.e, but more especially by
prodigious numbers of basalt-dikes, which in Scotland have
a prevalent W.N.W. and E.S.E. direction.
The basalt

plain was channelled by rivers, and into the ravines thus
eroded streams of pitchstone made their way (Scuir of Eigg),
whence it is evident that the volcanic eruptions lasted dur
ing a protracted period."'

France.-In the Paris basin, where a perfect upward pas
sage is traceable from Eocene into Oligocene beds, the latter
61'
are composed of the following subdivisions:

81 W. H.
Baily, Brit. Assoc. 1879, Rep. p. 162; 1880, p. 107; 1881, p. 152.
On the north coast of Antrim, near Ballintoy, a band of tuff occurs about 150
feet thick.
But in Ireland, as in Scotland, the tuffs take quite a subordinate
place among the great piles of basalt.
68 Proc.
Roy. Soc. Edin. vi. 1867, p. 71.; Q. 3. Geol. Soc. xxvii. 1871, p. 280;
Trans. Roy. Soc. Edin. xxxv. 1888, P. 21; Q. 3. Geol. Soc. xlviii. 1892, Pres.
Address, p. 162. Prof. Judd (op. cit. xxx. 1874, p. 220; xlv. 1889, p. 187), on the
other hand, believes that there were five great volcanic cones in the Western
Islands whence the streams of basalt flowed, and of which the mountains of
Mull, Skye, etc., are the degraded ruins, and he regards the granitoid rocks as
older than the others.
69 Doilfus, Bull. Soc. Geol. France, 3e ser. vi. 1878,
The separa
p. 293.
tion of an Oligocene series in the Paris basin is not admitted by nany eminent
French geologists.
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Helix-limestone of the Orleanais (Helix, Planorbis, etc.).
Meulieres de
Moutmorency -very hard siliceous, cellular, fossiliferous, fresh-water
limestones employed for millstones (Limuea, Bytthiuia, Planorbis, Val.
vata, Ohara). This deposit is replaced toward the south by the fresh.
water Calcaire de la Beauce, which is separable into a higher assise
(Molasse du Gittinais, sometimes 57 feet) consisting of green marl,
siliceous sand and calcareous sandstone passing into limestones (Helix
Morognesi, H. aureliarnis, H. Tristani, Planorbis solidus, Limriaa Lar
leti, Melania aquitautca, etc.); and a lower, composed of limestone
(Limnea Brougniarti, L. cornea, L. cylindrica, Helix Ramondi, Cycle.
stoma antiquum, Planorbis cornu, Potamidos Lamareki, etc.).
G-res do Fontainebleau.
Sands, and hard siliceous sandstones. At the
of
this
subdivision
there
occurs at Ormoy, near Etampes, and else
top
where a band of calcareous marl full of marine fossils: Cardita Bazini,
Cytherea incrassata, Lucina Eleborti.
Sables do Fontenay, Jeurre et Moriguy, a thick accumulation of yellow
ferrugluous, generally unfossiLiferous sands, covering a large area
around Paris, and serving as a foundation for most of the new mili
tary forts of that locality. The "falun de Jeurre" contains many fos
sils: Natica crassatina, Cerithium, several species, Cytherea iucrnssata,
Avicula stampinensis, etc.
Oyster-mans with Ostrea longirostris, 0. cyathula, and Corbula subpisum.
These pass into the Molasse d'Etrochy with Cerithium plicatum, Me
lania semiclecussata, Cytliorea iiicrassata, etc.
Calcaire do Ia Brie, a lacustnine limestone with few fossils, Limnen cor
nea, Planorbis cornu, Chara, etc.
Green mans (Marnes i Cyrnes, glaises vertes), consistting of an upper
mass of non-fossiliferous clay, and a lower group of fossiliferous lami.
Hated mans (Cerithium plicatuni, Psammobia plana, Cyrena convexa).
White mans (Marries do Pantin) with Limn[ea strigosa, Plunorbis planu.
latus, Nystia Duchasteli.
Supra-gypseous blue mans, with very few fossils (Nystia plicata).
Lacustrine gypsum (Gyps lacustre).
The highest and most important
bed
of
the
Paris
basin,
65
feet thick at Montmartre, with a
gypsum
remarkable prismatic structure, containing skeletons and bones of mam
mals (Pala3otherium, Anoplotherium, Xiphodon), fragments of terres
trial wood, and a few terrestrial shells (Helix, Cyclostoma, etc.).
This
deposit is continuous with the marine gypsum underneath it (p. 1607).

Geographical names have been assigned to the subciivi
sions of the Oligocene series in France, Belgium, Switzer
land, and North Italy.
The lowest member is called Ton
from
iu
Above it comes the
grian,
Tongres,
Limbourg.
Stampian, so named from Etarnpes, where it is typically
The uppermost group is known as Aquitanian,
developed.
from its well-marked occurrence in Aquitania.
The chief area of Oligocene strata in France lies between
Paris and Orleans, where, spreading over a wide extent of
country, they have been cut down by the streams so as in
some

cases

to reveal the Eocene formations below them.
The next area in importance lies far to the southwest (Aqui.
tania), where the Lower Oligocene division (Tongrian of

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
STRATIGRAPH1IJAL

GEOLOGY

1625

Belgium) is represented by a thick yellowish marine lime
stone (Calcaire a Astries) with Cerithium plicatum Trochus
Bucklandi, Natica crassatina, etc.
The Aquitanian stage
is represented in Languedoc by marine mans with Oeri
thium, and marine conditions are indicated by the corre
sponding deposits in Provence.
But over the centre and south of France marine Oligo
cene deposits are generally absent, their place being taken
by the mans, clays, and limestones of former lakes, which
have preserved many of the terrestrial plants and animals of
the period.
One or more large sheets of fresh water lay in

the heart of the country, surrounded by slopes clothed with
a tropical flora.
In these basins, a series of mans and lime
stones (1500 feet thick in the Limagne d'Auvergne accumu
lated, from which have been obtained the remains of nearly
100 species of mammals, including some paheotheres, like
those of the Paris basin, a few genera found also in the
Mainz basin, crocodiles, snakes, numerous birds, and relics
of the surrounding land-vegetation of the time.
This water

basin appears to have been destroyed by volcanic explo
sions, which afterward poured out the great sheets of lava,
and. formed the numerous cones or puys so conspicuous on
the plateau of Auvergne.
In the south of France, the

Eocene groups are sometimes surmounted by lacustrine or
brackish-water beds that point to the retirement of the num
mulitie sea, and. the advent of those more terrestrial and
shallow-water conditions in which the Oligocene deposits
were

accumulated.

In

Provence, lacustrine beds (Physa,
Planorbis, Limna3a, Bulimus, etc.) lie immediately upon the
At Aix these beds have long
Upper Cretaceous rocks.
been noted for their abundant plants (Callitris Brongniarti,

Widd.ringtonia brachyphylla, Flabellaria lamanonis, Quer
cus, Laurus, Cinnamomum), insects and mammals (Palao
therium, Xiphoclon, Anoplotherium, Chcxropotamus).
A singular and interesting development of Oligocene
deposits in France, Switzerland, and. southern Germany is
found where they have filled. up fissures and cavities of
older, especially Upper Jurassic, limestones.
One of the
most remarkable of these occurrences is that of Quercy, now

famous for the large number of remains of mammals which
have been found there.
These deposits are related to Ter
tiary strata in their vicinity, and never occur at a higher alti
tude than these strata.
They consist of red clay and loam,
with pisolitic limonite.
the bottom, where the

more phosphatic toward
phosphate of lime occurs in such
becoming

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1626

TEXT-BOOK OF

GEOLOGY

quantity as to be profitably worked.
Among the fossils re.
covered from these recesses are a number of shells
(Cyclo.
stoma, Limnaa, Planorbis) and
of
Palieotheriuxn,
species
Anoplotherium, Xiphodon, Hyarnodon, Cainotheriu.xn, Am.
There have also been found the remains
phitragulus, etc.
of a lemur (Necrolemur antiquus).T°
Belgium."-The succession of Oligocene beds in this coun
try differs from that of France, and has received a different
nomenclature, as follows:
Upper.-Wanting.
"
I White sands of Bolderberg (Bolderlan).
.
J Clay of Boom and Nucula clay of Bcrgh-upward of 40 species
of fossils, including Nucula compta (Leda lyelliana), Oorbul.a
1
I.
subpisuin (=" Septarienthon" of northern Germany).
.
.
Cerithium sands of Vioux Jonc (Klein Spauwen) and Pectun.
Cd
:3
culus sands of Bergh.
Henis clay. The fossils in this clay and the overlying sands
are fluvio-mariue (Cyclostoma, Succinea, Pupa; Planorbis,
LimuEea, Neril ma; Oeri thium, le]ania, Bythi nia, Oyrena.
1.4

I .

I

I Sands of Neerepen.
Sands of Grimmertingen.
abundant; marine 1mm

The Tongrian deposits contain an
the Egein beds of Germany.

Cermany.72-In northern Germany, while true Eocene de
posits are wanting, the Oligocene groups are well 'developed
both in their marine and fresh-water facies, and it was from
their characters in that region that Beyrich proposed for
them the term Oligocene.
They occupy large more or less
detached areas or basins, with local lithological and
paheon
but
the
variations,
subdivisions
tological
following general
have been established:

04

Marine mans, clays, sands, sparingly distributed (Doberg, Hanover; Wil
helrushöhe; Mecklenburg -Scli werin), wi Lii Spatangu s Ho.ffrnanni, Tere
bratula graudis, Pecton Jauu, P. decussatus, Arca Speyeni, Nassa
pygmLea, Pleurotoma subden ticulata.
Brown-coal deposits of the Lower 1Ihine,1 etc., with a flora of less tropi.
cal Indian and Australian type and more allied to that of subtropical
North America (Acer, Cinnamomum, Cupressinoxylon, Juglaus, Nyssa,
Pinites, Quercus, etc.). Some marine beds in this division contain Tere
I
bratula grandis, Pecten Janus, P. Miinsteri, etc.
(

' Mourlon, "Geol.
&0 Flihol, Ann. Set. Geol. 1876.
BeIg."
'
A. von
Beyrich, Monatsbericht. Akad. Berlin, 1854, p. 640; 1858, p. 51.
1867,
23.
Deutsch.
Geol.
Ges.
xix.
p.
Zeitscb.
Koenen,
13 For a popular account of the brown-coal of Germany BOO M. Vollert, "Dor
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Stettin (Magdeburg) sand and Septaria-clay (Septarienthon), with an abun
dant marine fauna (Poraminifera, Pecten permistus, Leda deshayesiana,
Nucula Chastell, Pleurotoma scabra, Axinus obtusus, Fusus Koniucku,
P. inultisulcatus, etc.). These beds are widely distributed in north
Germany, and are usually the only representatives there of the Middle
In some places, however, a local brown-coal group
Oligocene deposits.
occurs (Alnus Kofersteini, Cinnamomum polymorphum, Populus Zad.
dachi, Taxodium dubium).
Egeln marine beds (Os'trea ventilabrum, Pecton bellicostatus, Leda perova
lis, Area appondiculata, Oardita Dunkeri, Cardium Hausmanni, Oytherea
olandri, Cerithium havum, Pleurotoma Beyrichi, P. subconoidea,Voluta
docora, Buccinum bullaturn, etc., and corals of the genera Turhinolia,
Balanophyllia, Caryophyllia, Cyathina).
Amber beds of Könisgberg, consisting of ligniftferous sands resting on
marine glauconitic sands, near the base of which lies a band containing
abundant pieces of amber. The latter, derived from several species of
conifers, especially Pinus succinilera, have yielded a plentiful series,
estimated at about 2000 species, of insects, arachnids and myriapods,
together with the fruits, flowers, seeds, and leaves of a large number
of conifers (Pinites, Pinus, Abies, Sequoia Lan gsdorfli, Widdringtonites,
Libocedrus, Thuja, Capressus, Taxodium) and dicotyledons (Quercus,
Castanea, Fagus, Myrica, Polygonum, Cinnamoinum, Geranium, Linum,
Acer, Ilex, Rhamnus, Deutzia, Proteaceea, several genera, Androm
eda, etc.)", The sands contain Lower Oligocene marine mollusca, sea
urchins, etc.
Lower Brown-coal series-sands, sandstones, conglomerates and clays
with interstratifled varieties of brown-coal (pitch-coal, earthy lignite,
paper-coal, wax-coal, etc.), a single mass of which sometimes attains
a thickness of 100 feet or more.
These strata may be traced intermit
over
a
area
of
wide
northern
The flora of the brown
tently
Germany.
coal is largely composed of conifers (Taxites, Taxoxylon, Cupressinox
ylon, Sequoia, etc.), but also with Quercus, Laurus, Cinnamomum,
Magnolia, Dryandroides, Ficus, Sassafras, .Alnus, Acer, Juglans, Betula
and palms (Sabal, Flabellaria).
The general aspect of this flora most
resembles that of the southern states of North America, but with rela
tions to earlier tropical floras having Indian and Australian affinities.
In the Mainz basin some marine sands, clays, and mans
in the lower part of its-Tertiary deposits are referred to the
Oligocene series, and are arranged as follows:
Cerithium

Beds.-Sandy and calcareous strata with
brackish-water and land-shells (Oerithium plicatum,
Mytilus Faujasi, Helix, etc.).
Cyrena marl and sand (Cyrena semistriata, Cerithium
plicatum, 0. margaritaceurn, Perna Sandbergeri, etc.).

Braunkohlenbergbau," ilalle, 1889, the "Festschrift" of the fourth Deutsche
Bergmannstage in 1889.
14 For detailed
descriptions of the Lower Oligocene molluscan fauna of north
Germany see Prof. A. von Koenen's elaborate monograph, Abhand. Geol. Spe
cialkart. Preuss. x. 1889-92.
15 "Flora des Berntj," vol. 1. on the conifer, H. R.
Goeppert, 1883,
vol. ii. on the dicotyledons, G-oeppert, A. Menge and H. Con went; 1886.
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Septaria-olay with Leda deshayesiana.
Marine sand of Weinheim with Ostrea callifera, Pee.
tuncixlus obovatus, Oytherea incrassata, Natica eras.
sati na,
Switzerland.""-Nowhere

in

Europe do Oligocene strata
play so important a part in the scenery of the land, or pre.
sent on the whole so interesting and full a
picture of the
state of the Continent when they were
as in Switz
deposited,.
erland.
n the well
Rising into massive mountains, as
known Rigi and Rossberg, they attain a thickness of several
thousand feet.
While they include proofs of the
presence
of the sea, they have preserved with marvellous
perfection a
number
of
the
which
clothed
the
large
plants
Alps, and of
the insects which flitted through the woodlands.
They form
of a great series of deposits which have been termed
tart
'Molasse" by the Swiss geologists.
The Molasse was for
The lower por
merly considered to be entirely Miocene.
tions, however, are now placed on the same
parallel with the
beds
of
the
Oligocene
regions lying to the north, and consist
of the following subdivisions:
Lower Brown-coal or red Molasse (Aquitanian stage)
the most massive member of the Molasse, consistin
of red sandstones, mans, and conglomerates
(N age
flue) with well-rounded mutually indented
pebbles,
It contains seams
resting upon variegated red mans.
of lignite, and a vast abundance of terrestrial
vege
tation.
Lower marine Molasse (Tongrian stage)-sands tone
containing marine and brackish water shells, among
which are Ostrea cyathula, 0. longirostris, 0. cal
lifera, Cyrena semistriata, Oytherea incrassata, Pee
tunculus obovatus, Oerithiurn plicatum, Natica eras
satina.
This division is well
developed between
Basel and Berne.

By far the larger portion of these strata is of lacustrine
origin.
They must have been formed in a large lake, the
area of which probably underwent gradual subsidence dur
ing the period of deposition, until in Miocene times the sea
once more overflowed the area.

We may form some idea of

76 Studer's
"Geologie der Schweiz," vol. ii.; Heer's "Urwelt der Schwejz,"
1865 (an English translation of which by Mr. W. S. Dallas appeared in 1876);
"Flora Fossilia He1vetia," 1854-59; A. Favre, "Description Geologique du Can.
ton de Geneva, " 1880, vol. i. p. 69.
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the importance of the lake from the fact that the
deposits
formed in its waters are upward of 9000 feet thick.
Thanks
to the untiring labors of Prof. fleer, we know more of the

vegetation of the mountains round that lake, during Oligo
cene and Miocene time, than we do of that of
any other an
cient geological period.
The woods were marked by the
predominance of an arborescent subtropical vegetation,
among which evergreen forms were conspicuous, the whole
having a decidedly American aspect.
Among the plants
were palms of American type, the Californian coniferous
genus Sequoia, alders, birches, figs, laurels, cinnamon-trees,
evergreen oaks, with many other kinds.
A portion of the great
Flysch formation of the Alps
(which has been alrea.y referred to. as partly Cretaceous,
It in
partly Eocene) is referred to the Olgocene series.
cludes the shales of Glarus, long known for their fish
remains.
Vienna Basin."-This area contains a
typical series of Ter
tiary deposits, sometimes classed together as "Neogene."
At the bottom lies an inconstant
group of mans and sand.
stones (Aquitanian stage), containing occasional seams of
brown-coal and fresh-water beds, but with intercalations of
marine strata.
The marine layers contain Cerithium
plica
turn, C. margaritaceum, etc.
The brackish and fresh-water
beds yield Melania Escheri and Cyrena
lignitaria.
Among
the vertebrates are Mastodon angustidens, M.
tapiroicles,
Rhinoceros sansaniensis, Amphicyon intermedius, Anchi
therium aurelianense, and numerous turtles.
These strata
have suffered, from the upheaval of the Alps, and may be
seen sometimes standing on end.
It is interesting also to
observe that the subterranean movements east of the
Alps
culminated in the outpouring of enormous sheets of
trachyte,
andesite, propylite, and basalt in
and
Hungary
along the
flanks of the Carpathian chain into
The
Transylvania.
volcanic action appears to have begun
during the Aquita
nian stage, but continued into later time.
Further curious
changes in

physical geography are revealed by the other
Thus in Croa
"Neogene" deposits of southeastern Europe.
tia, the Miocene mans, with their abundant
land-plants, in
sects, etc., contain two beds of
sulphur (the upper 4 to 16
11 Suess, "Der Boden
von Wien, "].S60. Th. Fuchs, "Erläuterungen zur
Geol. Karte der Umgebungen Wiens," 1873; and papers in Zettsch. Deutsch.
Geol. Gesel. 1871, p. 63; Jahrb. Geol. Reichsanst. vols. xviii. et seq. Von
Hauer's "Geologie."
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inches thick, the under 10 to 15 inches),

which

have been

at Radoboj.
At llrastreigg, Buchberg, and else.
where, coal is worked in the Aquitanian stage in a bed
sometimes 65 feet thick.
In Transylvania, and along the
base of the Carpathian Mountains, extensive masses of rock
worked

salt and gypsum are interstratified
mations.

in

the

"Neogene"

for

Italy.-In the north of Italy strata assigned to the Oligo.
cene series attain an enormous development, their total esti
mated

thickness

amounting to nearly 12,000 feet.
They
dovetail regularly with the Eocene below and the Miocene
above, and are

thus grouped. by
part of the northern Apennines:
Aquitanian Stage .c
1000 metros
(
Stampian Stage
600 metres

Tongrian Stage
2000 metres

Sestian Stage
20 metres

.

Prof. Sacco in the central

A great thickness of gray and yellowish sands and occa
sional grayish mans, the many character increasing
northward and eastward. Fossils scarce.
Gray marls more or less Bandy and friable.

A vast series of sandy marls, sands, conglomerates, and
lenticles of lignite, with frequent nummulites (N. inter
media, N. Fichteli, N. stniata), Orbitoides, fresh-water,
j
brackish, and marine shells (Ampuilina crassatina, Pota
micles, Cyrena couvexa, etc.), Anthracotherium magnum,
etc.
Sometimes with grayish violet marls.
l
( A thin band of sandy marls with Nummulites Fichteli, N.
vasca, N. Boucheri, Orbitoides, ileterostegina, etc.

North America.-Overlying the Jackson beds referred to on
p. 1612 a conformable group of strata known as the "Vicks.
burg beds" (Orbitoitic) occupies a narrow band in Alabama,
Mississippi, and. Louisiana, covers the greater part of Flor.
ida, and extends into Georgia and Texas.
These strata in
Mississippi are composed of a lower ferruginous rock (Red
Bluff) 12 feet thick, and a set of
limestones and
crystalline
blue mans (80 feet) resting on lignitic
clays and lignites (20
feet).

Among the fossils are Ostrea gigantea, Pecten Poul
soni, Carthum cliversum, Cardita planicosta, Panopa3a oblonata, Cyprw.a lintea, Mitra mississippiensis, Cassidaria lintea,
onus
sauridens,
labelluin
mississippiensis,
Madrepora
The
last-named.
fossil is
Orbitoides Mautelli.
Wailesii,
characteristic, and is found also in the
es, Malta, and the Turco-Persian frontier.
Necially

West In-
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Miocene
Characters

The European Miocene deposits reveal great changes in
the geography of the Continent as compared with its condi
tion in earlier Tertiary time.

So far as yet known, Britain

and northern Europe generally,

save an area over the site

of Schleswig-Holstein and Friesland, were land during the
Miocene

period;

but

a

shallow

sea

extended toward

the

southeast and south, covering the lowlands of Belgium and
the basin of the Loire.

The Gulf of Gascony then swept

Fig. 436.-Mlocene Plants.
a, Llquidarnbar europeum, Braun. (i); b, Cinnamomum Buchi, Heer (4).
inland over the wide plains of the Garonne, perhaps even
connecting the Atlantic with the Mediterranean by a strait
running along the northern flank of the Pyrenees.

The sea

washed the northern bas'e of the now uplifted Alps, sending,.
as in Oligocene time, a long arm into the valley of the Rhine
as far as the site of Mainz, which then probably stood at the
upper end, the valley draining southward instead of north
ward.

The gradual

conversion of

salt

into

brackish and
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fresh water at the head of this inlet took place in Miocene
time.

From the Miocene firth of the Rhine, a sea-strait ran

eastward, between the base of the Alps and the line of the
Danube, filling up the broad basin of Vienna, sending thence
an arm northward through Moravia, and spreading far and
wide

among

the

islands

of

southeastern

Europe, over the

regions where now the Black Sea and Caspian basins remain
as the last relics of this Tertiary extension of the ocean across

:

pi
ç

ç\

'1

1

6
Fig. 437.-Miocene Plants.
a, Mano1ia Inglelieldi (; b, Rhus Meriani (nat. size).
c, Ficus decandolleana (i); d, Quei'cus ilicoides (i).
southern Europe.

The Mediterranean also still presented a

far larger area than it now possesses, for it covered much of
the present lowlands and foothills along its northern border,
and some of its important islands had not yet appeared or
had not acquired their present dimensions.
Among the revolutions of the time not the least impor
tant in European geography was the continued uprise of the
Alps
and

by which the Eocene strata had been so convoluted
overthrown.

These

disturbances

diminished degree in Miocene

time.

still

went

One of

on

in

a

their results
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was the restoration and, extension of the wide lake or chain
of lakes, over the northern or molasse region of Switzerland,
in

which

the red molasse of Oligocene
The

posited.

lacustrine

time had been de

accumulated there

deposits

have

preserved with remarkable fulness a record of the terrestrial
flora and fauna of the time.
The f lo r

of the Miocene period (Figs. 436, 437) indi

cates a decidedly subtropical climate in the earlier part of

Av

l_

f.

M

t
.4"

b

Fig. 438.-Miocene Mollusks.
a, Panopa Faujasil, Men. de la Groyc (i); b, Pectunculus glyclrneris (P. pUosus),
Linn. (3); c, Cardita alilnis, Duj.; d, Tapes gregarla, Partsch. (i).
that

period

nearest

in

modern

Among

the

many of

Europe,

representatives

more characteristic

the

in

plants

India

genera

having their

and

Australia.'

are Sabal,

Phceni

cites, Libocedrus, Sequoia, Myrica, Quercus, Ficus, Laurus,
Cinnamomum,
Cissus,

Daphne,

Magnolia,

Myrtus,

Mimosa,

Acer,
and

Persaonia,
Ilex,

Acacia.

Banksia,

Rhamnus,
In

the

Dryancira,

Juglans,

later

part

Rhus,
of

the

period, the climate, if we may judge from the character of
78 Hoer, 'Urwelt der Schweiz"; "Flora Fossils Helvethe."
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as

less warm; for

the

palms disap

the flora of a more temperate type, in

chiding among the more frequent plants species of Glypto
strobus, Betula, Populus, Oarpinus, Ulmus, Laurus, Persea,
Ilex, Podogonium, and Potamogeton."
The

f a u n a

points to somewhat

ditions in Europe.
An cillaria,

similar

climatal

con

There occur such mollu.scan genera as

B uccinum,

Cancellaria,

Cassis,

M itra,

Cypraa,

Murex, Pyrula, Strombus, Terebra, Area, Cardita, Cardiurn,
Cytherea,

Mactra,

Ostrea,

Panopa3a,

Pecten,

Pectunculus,

Fig. 439.-Mastodon angustidens, Owen.
Reduced from restoration by M. Gaudry.8°
Spondylus, Tapes, Tellina, etc. (Fig. 438).

The mammalian

forms present many points of contrast with those of older
Tertiary
place.

time.

Among

Huge proboscideans

now

the

generic

more

important

take

a

foremost

types

of

the

time are the colossal Mastodon (Fig. 439) and Deinotherium
(Fig. 440), the latter having tusks curving downward from
the

lower jaw.

which a

With

horniess and

these

are

a feebly

associated Rhinoceros, of
horned

species

have

been

°
Saporta, "Monde des Plantes," p. 22.
80 For a restoration of M. americanus, see Marsh, Amer. Journ. Sd. xliv.
1892, p. 350.
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Anchitherium, a small horse-like animal,

noted;

about as

big as a sheep, surviving from earlier Tertiary time; Macro
therium, a huge ant-eater; Dicroceras,
living

muntjak

nearly

related

likewise
hog,

made

otter,

to

eastern
the

their

antelope,

formidable
rodus),

of

A

hog.
entry

the earliest

number
the

and

cat.

of

scene,

to the

an

animal

living

genera

Hyotherium,

upon

beaver,

animals were

and

Asia;

a deer allied

as

such

Some of

the

the most

the sabre-toothed tigers (Machai
form

of

bear (Hyenarctos).

The

Fig. 440.-Delnotheriuni giganteum, Kaup., reduced.
Miocene forests were also tenanted
eral genera have been detected.

by apes, of which sev

Of these, Pliopithecus was

probably allied to the anthropoid apes; Dryopithecus (Fig.
441) was regarded by Owen as allied to the living gibbons,
but Gaudry regards it as an anthropoid form, and
only

one

man;"
with

yet

found

Oreopithecus

the

anthropoid

fossil
is

which

supposed

apes,

can

be

to

have

macaques,

and

as

compared
had

the
with

affinities

baboons;

and

a species of Oolobus is found in Wurtemburg.
81 M.em. Soc. Geol. France
(3), i. fase. 1, 1890.
'
Gaudr.y, "LOB Enohatnements," p. 306; Boyd Dawkins, "Early Man in
Britain," p. 57.
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Among the discoveries in western America, which have
thrown

much light upon the history of vertebrate life,

so

mention should be made here of the remarkable assemblage
of mammals disinterred from the base of the vast lacustrine
Miocene

on

formations
The

Mountains.
largest

of

these

nearly

allied

the

Brontotheride

animals,

to

the

formed

living

flanks

eastern
or
a

of

the

Rocky

Titanotherida,
distinct

rhinoceros

than

family
to

the
more

any other

recent form.
Considerable uncertainty must be admitted to rest upon
the

correlation of

parts

of

the
In

Enrpe.

later Tertiary
cases,

many

in different

deposits
their

stratigraphical

Fig. 441.-Jaw of Dryopithecus Fontant, Gaudry (i).
relations

are too obscure to

furnish

any

identification has therefore to be made
evidence.

clew,

and

their

by means of fossil

But this evidence is occasionally contradictory.

For example, the

remarkable

mammalian

fauna described

by M. Gaudry from Pikernii in Attica (postea, p. 1670) has
so many points of connection with

the recognized. Miocene

fauna of other European localities, that this observer classed
it also as Miocene.

He has pointed out, however, that in

a shell-bearing

bed

underlying

Pikermi

characteristic

some

mollusca occur.
is

the

ossiferous

Pliocene

Remembering

chronological

the

evidence

how
of

deposit
of

species

deceptive

terrestrial

of

marine

sometimes

faunas

and
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floras (ante, pp. 1096, 1111) we may here take marine shells
as

our guide, and place the Pikermi beds in the Pliocene

series.
§

2.

Local

Development

France.-True Miocene deposits are not known to occur
in Britain.
In France, however, in the district of Touraine,
traversed by the rivers Loire, Indre, and Oher, there occurs
a group of shelly sands and mans, which, as far back as
1833,. was selected by Lyell as the type of his Miocene
subdvision.
These strata occur in widely extended but
isolated patches, rarely more than 50 feet thick, and are
better known as "Faluns," having long been used as a
ferti1izino material for
They
spreading over the soil.
tie
characters
of
littoral and shallow-water marine
present
deposits, consisting sometimes of a kind of coarse breccia
of shells, shell-fragments, coral, polyzoa, etc., occasionally

mixed with quartz-sand, and now and then passing into
a more compact calcareous mass or even into limestone.
Along a line that may have been near the coast-line of the
period, a few land and fresh-water shells, together with
bones of terrestrial mammals, are found, but, with these
exceptions, the fauna is throughout, marine.
Among the
fossils are numerous corals, and upward of 300 species of
mollusks, of which the following are characteristic: Pholas
Venus
clathrata,
Dujardini,
striatus, Cardium turonicum,

Ostrea

crassissirn.a,

Cardita affinis,
intradeutatum, Turritella

Pecten
Trochus in

Lin nai, T.
Cerithium
bicarinata, Plearotoma tubereulosa, with slecies of Cypra,
This
Conus, Murex, Oliva, Ancillaria, and Fasciolaria.
crassatus,

assemblage of shells indicates a warmer climate than that
of southern Europe at the present time.
The mammalian
bones include the genera Mastodon, Rhinoceros, Hippopot
amus, Ohropotamus, deer, etc., and extinct marine forms
allied to the morse, sea-cow, and dol hin.
Similar faluns,
e ha
s
ri 'p
aine.

slightly

later

in

age,

are

~Ofund

in

Anjou

and

In the region of Bordeaux and the plains of the Garonne
southward to the base of the Pyrenees, a large area is over
spread with Oligocene deposits, equivalents of the younger
Above these fresh-water
're.rtiary series of the Paris basin.
nd marine beds lie patches of faluns like those of Touraine,
Other
containing a similar assemblage of marine fossils.
marine deposits of Miocene age are found running up the
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But in the south and southeast of
valley of the Rhone.
France the Miocene strata are mainly of lacustrine origin,
sometimes attaining a thickness of 1000 feet, as in the im
portant series of limestones and mans of Sansan and Si

morre, whence remains of numerous interesting mammalia
have been obtained.
Among these remains are Deinothe
riurn

giganteum, Mastodon angustidens, M. tapiroides, M.
pyrenai cus, Rhinoceros Schleiermacheni, R. sausaniensis,
R brac hyp us, Anc hitherium aurelianense, Ant hracotheri urn
onoide urn, Amp hicyon giganteus, Machairodus c ultridens,

ilellaclotherium
Duvernoyi, Dicroceras elegans, and several
apes and monkeys (Pliopithecus, Dryopithec us).
The Miocene deposits of France, though scattered in
isolated patches, have been grouped into three stages in the
following ascending order: 1st, Lhangian-saucls and mans
(l'Orléanais, Solo gne, etc.), limestones (Sansan, Sirnorre);
2d,
sands,
faluns (Touraine,
ilelvetian-shelly
Aujou,
3d,
Tortonian-marls with Helix turonensis.
Aquitaine);

Belgium.-.In this country, the upper Oligocene strata of
In the neighborhood of Antwerp cer
Germany are absent.
tain black, gray, or greenish glauconitic sands ("Black
Crag," Bolderian and Anversian), of which the pa1aouto
logical characters were at one time supposed to present a
These deposits
mingling of Miocene and Pliocene affinities.
were accordingly termed by some geologists Mio-plioeene.
They consist of graveily sands at the base, containing ceta
cean bones (Heterocetus), fish-teeth, Ostrea navicularis, Pee.
ten, Caillaucli, etc.
They are followed by sands with Pee
tunculus glycirneris (pilosus), and these
by sands with

More recent research has
Panopa Faujasii (Menardi).
shown that the lower part of this series of deposits is
Miocene, and is separated by a break and erosion-line from
the superincumbent Diestian
group which is referable to the
Pliocene series.
Cermany.-Certain deposits of dark clay and sand spread
over parts of the northwest of Germany containing Conus
Du.jardini, 0. antediluvianus, Fusus festivus, Isocardia cor,
Pectunculus glycimeris (pilosus), Limopsis aurita, etc., and

are referred to the Miocene formations.
These are doubt.
less a prolongation of the Belgian series.
Elsewhere the
deposits referable to this geological period are lacustrine or
fluviatile in origin, and are especially marked by the occur
rence in them o

brown-coals which are worked.
In the Mainz Tertiary basin an important series of ma-
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rine, brackish, and fresh-water deposits occurs, which has
been arranged by Fridolin Sandberger as follows :
PlioceneUppermost brown-coal.
Bone-sand of Eppeisheim (Deinotherium sand), see
p. 1668.

MioceneClay, sand, etc, with leaves.
Limestone with Litorinella (Hydrobia) acuta, Helix
nioguntina, Planorbis, Dreissena, etc.
Corbicula

beds with Corbicula Faujasii, Hydrobia
11.
acuta.
inflata,
Cerithium limestone and land-snail limestone.
Sandstone with leaves (Cinnamomum, Sabal, Quei'
cus, Ulmus).

Oligocene (see p. 1628).
The lower Miocene beds of this area present much local
variation, some being full of terrestrial plants, some contain
ing fresh-water, and other brackish-water and marine shells,
indicating the final shoaling of the Oligocene fjord which
ran down the upper valley of the Rhine as far as Mainz.
Among the plants are species of Quercas, tJlmus, Planera,
The land-snail lime
Cinnaniornum, Myrica, Sabal, etc.

stone contains numerous species of Helix and Pupa, with
The Oerithium limestone con
Cyclostoma and Planorbis.
tains

marine

or

estuarine

shells,

as

Perna,

Mytilus, Ceri
Among the various

thium (0. Rahtii, 0. plicatum), Nerita.
strata, bones of some of the terrestrial mammals of the time
occur (Microtherium, Paheomeryx).
The Litorinella lime
stone, the most extensive bed in the series, is composed of
limestone, marl, and shale, sometimes made up of Hydrobia
Litorinella) acuta, in other places of Dreissena (Tichogonia,
Abundant land and.
ongeria) Brardi, or Mytilus Faujasii.
fresh-water shells also occur.
Of greater interest are the
mammalian remains, which include those of Deinotherium

giganteum, Palaomeryx, Microtherium, and Hipparion (Hip
The flora of the higher parts of the Miocene
potherium).
series includes several species of oak and beech, also varie
ties of
evergreen, oak, magnolia, acacia, styrax, fig, vine,
cypress, ancL palm.
88

"Untersuchungen über das Mafnzer Tertiärbeeken," 1853; "Die Conchy.
lien des Mainzer Tertiärbeckens," 1863.
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Vienna Basin. '-Over1ying the Aquitanian stage (p. 1630),
where that ispreaent, in other cases resting unconform ably
the younger Tertiary or
ipon older Tertiary rocks, come
area compris
Neogene deposits of the Vienna basin-a large
the eastern Alps
ing the vast depression between the foot of
of Bohemia and Mora
near Vienna, the base of the
This tract
of the Carpathians.
via, and the western slopes of
communicated with the open Miocene sea by various open
Its Miocene deposits are com
ings in different directions.
of two chief divisions or stages as follows, in descend
posed
ing order:
Sarmatian or Oerithium Stage.-Sandstones
or "Tegel'
passing into sandy limestones and clays,
Accordin°
(the local name for a calcareous clay.
to Fuchs, the following subdivisions occur aroun
Vienna:

Upper Sarmatian Tegel, or Museheltegel-distin
guishable from the ileruals Tegel below by an abun
dance of shells (Tapes gregaria, Ervilia, Cardium,

etc.), 295 feet.
Cerithi urn-sand-a yellow, abundantly shell-bear
ing., quartz-sand-the main source of water-supply
t Vienna, where it is sometimes nearly 500 feet thick.
Hernals Tegeh-sand and gravel, with Cerithiurn,
Rissoa, Pal.udina, remains of turtles, fish, and land
plants.
The Sarmatian

stage is characterized by the pro
digious number of individuals of a comparatively
small number of species of shells, of which some of
the most characteristic forms are Tapes gregaria (Fig.
48), Mactra podolica, Ervilia podolica, Cerithium

pictam, 0. rubiginosurn, Buccinum baccatum, Tro
chus podolicus, Murex sublEevatus.
The general
character of the fauna is that of a temperate climate,
and is strongly contrasted with that of the Mediter
ranean. stage in the absence of the affinities with
tropical or sub-tropical forms, and even with those
of the present Mediterranean, and on the other hand
in some curious analogies with the living fauna of
the Black.Sea.
Corals, echinoderms, bryozoa, foram
inifera are absent or very rare, and the suggestion
84 T. FuchR, Z. Deutsch. Geol. Ges. 1877, p. 653; Homes and Partsch,
"Die Fossil Moiiusken Tertiir. Beckers," Wien, 1851-70; Eitingshausen, "The
Tertiruioren d. Oosterr Monaroliie," 1851; Von iiauer'8 "Geologie," p. 617.
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has been made that the change of the earlier Mediter
ranean fauna into that of the Sarmatian stage points
to a gradual diminution of the salinity of the waters
of the Vienna basin, as has happened with the exist
The terrestrial flora is characterized
ing Black Sea.
by some plants that survived from the earlier or
Mediterranean stage; but palms are entirely absent,
and the American element in the flora is no longer

surpassed by the preponderance of Asiatic types.
Mediterranean or marine Stage.-A group
of strata varying greatly from place to place in
differ
pe trographical characters, with corresponding
ences in fossil contents.
Among the more important
types of rock the following may be named:
Leithakalk, a limestone often entirely composed
of organisms, and especially of reef-building corals,
also hryozoa, foraminifera, echini (large clypeasters,
Pecten latissimus is specially
etc.), large oysters
characteristic), hones of mammals, and sharks' teeth.

The Leithakalk passes frequently into sandy and
many beds, and into massive conglomeratic deposits
Leithakalk-schotter or conglomerate).
Tegel of Baden-fine blue clay, richly charged

with shells, especially gasteropods (Pleurotoma, Can
celiaria, Fusus, etc.) and forarninifera.
Marl of Gainfahren, Griuzing, Nussdorf, etc.
more calcareous than the Baden Tegel.

Sand of Potzieinsdorf-a fine loose sand with Tel
lina, Psammobia, and many other larnellibranchs.
Sandstone of Sievering with many lamellibranchs,
especially pectens and oysters.
These various strata are believed to represent dii.
ferent conditions of deposit in the area of the Vienna

basin during the time of the Mediterranean stage.
With them are grouped certain fresh-water beds
(brown-coals, etc.), found along the margin of the
basin, which are supposed to mark some of the ter
restrial accumulations of the period.
The characteristically marine fauna of this stage is
abundant and varied.
It presents as a whole a more
tropical character than that of the Sarmatian stage
above.
Of its molluscan genera (of which more than
1000 species have been described) some of the more
characteristic are: Conus, Oliva, Cypra,
Mitra, Cassis, Strombus, Triton, Murex,

Vol uta,
Pleuro-
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Pinna, Pectunculus,
Spondylus,
A number of the species still live
Oardita, Venus.
in the Mediterranean, or in the seas off the West
The abundant flora, with its variCoast of Africa.
o'
us kinds of palms, had also a tropical aspect, somewhat like those of India and Australia.
toma,

Cerithium,

Switzerland. -Immediately succeeding the strata described
on p. 1628, as referable to' the Oligocene series, come the
following groups in descending order:
brown-coal (Oeningen
Upper fresh-water Molasse and
or Tortonian stage), consisting of sandstones, mans,
and limestones, with a few lignite-seams and fresh
water shells, and including the remarkable group of
plant- and insect-bearing beds of Oeningen.
Molasse (Helvetian stage)
Upper marine or St. Gallen
-sandstones and calcareous conglomerates, with 37
cent of living species of shells, which are to be
Found partly in the Mediterranean, and partly in
found

tropicar seas: Pectunculus glycimeris (pilosus), Pa
etc.
nopa Fau.jasii (Menardi), Conus ventricosus,
Lower fresh-water or Gray Molasse (Lhangian stage,
Mayencian)-sandstones with abundant remains of
terrestrial vegetation, and containing also an inter
Cerithiuni lignitarum,
calated marine band with
Murex

clathrata, Ostrea crassis
plicatus, Venus
sima, etc.
In the Oeningen beds, so gently have the leaves, flowers,
and fruits fallen, and so well have they been preserved, we
may actually trace the alternation of the seasons by the suc
cession of different conditions of the plants.
Selecting 482

of those plants which admit of comparison, Heer remarks
that 131 might be referred to a temperate, 266 to a sub-tropi
cal, and 85 to a tropical zone.
American types are most
frequent among them; European types stand next in num
ber, followed in order of abundance by Asiatic, African,
Great numbers of insects (between 800 and
and Australian.
900 species) have been obtained from Oeningen.
Judging
from the proportions of species found there, the total insect
fauna may be presumed to have been then richer in some
of Europe.
The wood.
respects than it now is in any part
Nor did the
were specially numerous and large.
large animals of the land escape preservation in the silt of
We know, from bones found in the Molasse, that
the lake.
among the inhabitants of

that land. were species of tapir,
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The woods were haunted
mastodon, rhinoceros, and deer.
by musk-deer, apes, opossums, three-toed horses, and some
of the strange, long-extinct Tertiary ruminants, akin to
those of Eocene times.
There were also frogs, toads, liz
ards,, snakes, squirrels, hares, beavers, and a number of
small carnivores.
On the lake, the huge Deinotherium
floated, mooring himself perhaps to its banks by the two
The waters were likewise
strong tusks in his under jaw.
tenanted by numerous ashes, of which 32 species have been
described (all save one referable to existing genera), croco
diles, and chelonians.
Italy.-The enormous Aquitanian stage of Liguria (p.
1630) is followed by (1) blue homogeneous marine mars:

reaching a depth of nearly 2000 feet and marked by the
abundance of pteropods, also Ostrea neglecta, Cassidaria
This stage, called by Mayer
vulgari.s, and. Aturia aturi.

It is sur
"Langhien," is paralleled with that of Mainz.
mounted by
the ilelvetian stage (3280 feet), composed
(2)
of three divisions: a lower (1000 to 100 feet) composed of
shaly marls rich in Vaginella, Cicodora, etc.; a middle (700
to 750 feet) consisting of yellowish sandy molasse with
bryozo.a, Becten ventilabrum, Terebratula miocenica, etc.;
and an upper (more than. 300 feet) composed of beds of con
The
glomerate and nullipores, with oysters, peetens, etc.
Toi'tonian stage (3) is made up of blue mans (650 feet
form

ing a remarkably constant band, with a profusion of Pleuro
tomaria and species of Cornis, Natica, Ancillaria, etc."
Creenland.88-One of the most remarkable geological dis
coveries of modern times has been that of Tertiary plant
fleer has described a flora ex
beds in North Greenland.
tending at least up to 70° N. lat., containing 137 species, of
which 46 are found also in the central European Miocene
basins.
More than half of the p.auts are trees, including 30
species of conifers (Sequoia, Thujopsis, Salisburia, etc.),
besides

beeches,

oaks,

planes, poplars, maples, walnuts,
limes, magnolias, and many more.
These plants grew on
the spot, for their fruits in various stages of growth have
been obtained from the deposits.

From Spitzbergen (78° 56'

85 C.
F. Sacco, "fl Bacino
Mayer, Bull. Soc. Geol. Prance (3) v. p. 288.
Terziario del Piemonte," Turin, 1889.
86 Heer, "Flora Fossiiis Aretica," in seven vols. 18t8-83; Q. J. Geol. Soe.
In this paper sections,
1878, p. 66; Nordenskiöld, Geol. Mag. iii. 1876, p. 201.
are
with lists of the plants found in Spivzbergen,
given.
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N. lat.) 136 species of fossil plants have been named by
fleer.
But the latest English Arctic expedition brought
to light a bed of coal, black and lustrous like one of the
It is from 25 to 30
Palaeozoic fuels, from 81° 45' N. lat.
feet thick, and is covered with black shales and sandstones

fleer notices 30 species, 12 of which
land-plants.
As in
had already been found in the Arctic Miocene zone.
numerous (pines, firs,
Spitzbergen, the conifers are most
spruces, and cypresses), but there occur also the Arctic pop
lar, two species of birch, two of hazel, an elm, and a vibur
num.
In addition to these terrestrial trees and. shrubs, the
lacustrine waters of the time bore water-lilies, while their
full

of

When we re
banks were clothed with reeds and sedges.
member that this vegetation grew luxuriantly within 8° 15'
of the North Pole, in a region which is now in darkness for
half of the year, and almost continuously buried under

snow and ice, we can realize the difficulty of the problem
in the distribution of climate which these facts present to
the geologist.
India.-The Oligocene and Miocene deposits of Europe
have not been satisfactorily traced in Asia.
As already
stated, the upper part of the massive Nan group of Sind
The Nan group
may represent some part of these strata.

is succeeded in the same region by the Gaj group, 1000 to
1500 feet thick, chiefly composed of marine sands, shales,
clays with gypsum, sandstones, and highly fossiliferous
bands of limestone.
The commonest fossils are Ostrea mul
Some of the
Breynia carinata.
species are still living, and the whole aspect of the fauna
The uppermost beds
shows it to be later than Eocene time.
are clays with gypsum, containing estuarine shells and form
The
ing a passage into the important Manchhar strata.
Manchhar group of Sind consists of clays, sandstones, and
conglomerates, sometimes probably 10,000 feet thick, divisi
ble into two sections, of which the lower may possibly be
Miocene, while the upper may reresent the Pliocene Siwalik
As a whole, this- massive group of strata is
beds (p. 1672).
the only organisms of any impor
singularly unfossiliferous,
tance yet found in it being mammalian bones, of which 22
All of these occur in
or more species have been recognized.
the lower section of the group.
They include the carnivore
of Mastodon, one of
Amphicyon pala3indicus, three species
Deinotherium, two of Rhinoceros, also one of Sus, Ohalico
tberiam, Anthracotherium, ilyopotamus, flyotheniuin, Dor
ticostata,

and

the urchin
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and an

ophidian.
North America-Overlying the Eocene formations (p. 1612),
and following in a general way their trend, but sometimes
with a slight unconformability, a belt of marine deposits,
referred to the Miocene period, runs along the Atlantic bor
der through the States of New Jersey, Delaware, Maryland,
These
Virginia, North and South Carolina, and Georgia.
strata ("Yorktown" and "Sum pter" groups of Dana) have
recently been classified by A. Ileilprin as follows: 3, Upper
or Carolinian (North and South Carolina, Sumpter beds).
2, Middle or Virginian (Virginia and newer group in Mary
lan'l; Yorktown beds, in
one of the most interesting
part).;
members of this subdivision is the "Richmond earth," a
diatomaceous deposit, sometimes 30 feet thick, lying near

the base of the group.
1, Lower or Marylandian (older Mio
cene deposits of Maryland and possibly lower beds in Vir
ginia; Yorktown beds, in part)."
Westward, in the Upper Missouri region, and across the
Rocky Mountains into Utah and adjacent territories, strata
assigned to the same geological period have been termed the
White River group.
eat lakes,
They were laid down in
and attain thicknesses of 1000 to 2000 feet.
The organic
remains of these ancient lakes, so well studied by Leidy,
Marsh,. and Cope, embrace examples of three-toed horses
(Anchitherium, Miohippus, Mesohippus), tapir-like animals,
differing from those of the older Tertiary strata Lophiodon);
hogs as large as rhinoceroses (Elotherium); true rhinoceroses
(Rhinoceros, ilyracodon, Diceratherium), huge elephautoid
creatures allied to the Deinoceras and tapir (Brontotherium,

Titanotherium); also even-toed ruminant ungulates, some
allied to the hog (Oreodonts), others like stags
Leptomeryx)
and camels (Poebrotheriam); carnivores
(Oanis, Aniphicyon
[Daphenus], Machairodas, Hyenodon, several of which are
generically identical with European Tertiary wolves, lions,
and bears.
Among the smaller forms are the remains of
the earliest known beavers (Palocastor).

Australia-Tertiary deposits are extensively developed in
various parts of the Australian continent.
In Victoria
they
cover nearly half of the
colony, and are there capable of
subdivision into an older and newer series.
The older
8 Mecllicott and
Blanford's "Geology of India," p. 412.
88 A.
Heilprin, as cited on p. 1612.
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series is believed to be later than Eocene and to be pos
it consists prin
sibly of Oligocene or older Miocene age.
nodules, rich in
cipally of blue or gray clays with septarian
fossils, among which gigantic forms of Volutes and Cowries
Later than these clays are certain (Mio
are conspicuous.
cene) deposits indicating marine, lacustrine, and terrestrial
conditions, with the existence of contemporaneous volcanic
The marine rocks con
activity toward the end of the series.
sist mainly of calcareous sandy strata and limestones, with

The lacustrine de
Cellepora, Spatangus, Terebratula, etc.
posits are clays and lignites, and the fluviatile materials
consist of gravels and sands which are often auriferous.
Great sheets of basalt, forming the older volcanic series,
have been poured over these various accumulations, which
are sometimes 300 feet thick.
A large series of plants, mol
lusks, fishes, and marine mammals has been obtained from
the Miocene

series of Victoria."'

New Zealand.-Rocks assigned to Miocene time in New
Zealand are divisible into: 1st, A lower series, consisting

of calcareous and argillaceous strata widely spread over the
east and central part of the North Island and both sides of
the South Island.
They can be traced to a height of 2500
feet above the sea.

Marine shells abound in them, including
55 species which are found among the 450 shells that now
live in the adjacent seas.
Some of the most notable fossils

are Dentalium irregulare, Pleurotoma awamoaensis, Comm
Trailli, T u rritella gigantea, Buccinum Robinsoni, Oueullea
alta.
In some places thick deposits of an inferior kind of
brown-coal occur in this subdivision.

2d, An upper series
composed of littoral or sub-littoral accumulations of sand,
gravel, and clay.
They have yielded 120 recent species of
shells,

and

25 species which appear now to be extinct.
Specially characteristic are Ostrea ingens, Murex octagonus,
IFusus triton, Struthiolaria cingulata, (Jhione assiinilis, Pee
ten gemmulatus.°°

89 R. A. F.
Murray, "Geology and Physical Geography of Victoria," 1887.
"Prodromus
of Victorian Paleontology."
M'Coy,
90 Hector, "Handbook on Now Zealand," p. 21.
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variable

development,

which is increasingly observable as we ascend through the
series of

Tertiary deposits, reaches its culmination in those

to which the name of Pliocene has been given.

The only

European area, in which Pliocene strata attain any consider
able dimensions as rock-masses, is in the basin of the Medi
terranean, especially along both sides of the Apennine chain
In that region, reaching a thickness of 1500

and in Sicily.

feet or more, they were accumulated during a slow depres
sion
an

of

end

the

sea-bottom,

and

their growth

was brought

to

by the subterranean movements which culminated

in the outbreak of Etna, Vesuvius, and the other late Ter
tiary Italian

volcanoes, and in

the

uprise

of

the land be

tween the base of the Apennines and the sea on either side
of the peninsula.

Elsewhere the marine Pliocene deposits

of Europe, local in extent and variable in character, reveal
the

beds of

completed

shallow seas, the elevation of which into land

the

Tertiary time.

outlines
Thus

of

these

the

Continent at

the

close

waters covered the south

of

and

southeast of England, spreading over Belgium and a small
part of

northern

France, but leaving the rest of northern

and western Europe as dry land.

Here and there, in south

eastern Europe, evidence exists of the gradual isolation of
portions of the sea into basins, somewhat like those of the
with a brackish

Aralo-Caspian

depression,

marine fauna.

In some portions of

or less

purely

these basins, however,

as in the Karabhogas Bay of the existing Caspian Sea,

ueh
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concentration
extensive

of

the

water

accumulations

of

took

place

salt

and

i

as

to give rise to
In

gypsum.

a

few

localities, fluviatile and lacustrine deposits of the Pliocene
period have been preserved, from which numerous remains
of terrestrial vegetation and mammals
The

Pliocene

f 1 o r a

is

transitional

riant evergreen and sub-tropical
period and that of modern

have

been obtained.

between the luxu

vegetation of the Miocene
From the evidence of

Europe.

a

b

Fig. 442.-Pliocene Plants.
a, Glyptostrobus europus, Brougn. (3d); b, Hakes exa1ata Heer.
the

deposits

in

above Florence,
pine,
laurel,

oak,

sequoia,

it is

known

evergreen-oak,

maple,

sarsaparilla,

the upper part of the valley of the Arno,

walnut,

sassafras,

etc."

The

to

have

plum,

birch,

included

plane,

alder,

species
elm,

of
fig,

buckthorn, hickory, sumach,

cinnamon,

researches

of

glyptostrobus,
Count de

taxodium,

Saporta have

shown that the flora of Meximieux, near Lyons, comprised
species of bamboo, liquidambai', rose-laurel, tulip-tree maple,
91 Gandin, "Feullies fossies de Is Toscane"; Gaudin and Strozzi,
la Flore fossile italienne"; Lyell, "Student's Elements." 4th edit.
Contri-butions
p. 172.
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willow,

poplar,

and

other

The forests of that part of
Europe during
conjoined

those

of

some of

the

more

the present Canary

striking char

Islands,

of

North

E
Fig. 443.-Pliocene Plants.
() Populus canescens; (B) Salix alba; (c) Glyptostrobus europus; (n) Alnus
glutinosa; (B) Pla,tanus aceroides (a).
America,

and
There

Japan.

of

Caucasian

and

is

evidence,

however,

frigeration

of

which

plants, such

istic
'

the

of

climate

warmer

was

in

eastern

latitudes,

one

that

gradual

as the palms,
by one

Asia,
a

including

marked

progress,

re

during

especially character
retreated

from

the

"Recherobes sur leg Vegetaux fossiles de Meximieux," .&rchiv. Mus.
Lyon, i. 1816-'?6, and his "Monde des Plantes," p. 314.
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or lingered only on its southern borders.
European region,
In England, toward the end of the Pliocene period, the
climate, if

may judge of

we

it from

the

plants preserved

in the Cromer Forest-bed, had come to be very much what
Among the vegetable remains

it is to-day.
deposit

are those of many of the familiar forest trees still

of England.
living in the southeast
wild-flowers and water-plants
such

ance,

milfoil,
grass,

found in that

the

as

buttercup,
dock,

marestail,

Some of our common

had now made their appear
chickweed,

marsh-marigold,

sorrel,

pondweed,

sedge,

cotton

reed and royal fern.9

The f a U n a of the Pliocene period still retained a nutn

ber of the now extinct types

of earlier

time, such as the

Pig. 444.-Fliephas meridionalis, Nesti. Crown of molar (1).
Deinotherium
ized

also by

elephants,

and

Mastodon.

troops

of

the

Elephas
herds

form;

by

large

forms

of

gazelle,

types

intermediate

It was specially character

rhinoceroses,
meridionalis
of

herbivora,

hippopotamuses,
being

a

distinctive

including

numerous

deer, now mostly extinct,

antelope,
between

still

living

and

genera.

and

Among

these were some colossal ruminants, including a species of
giraffe

and

the

extinct

giraffe-like genera ilelladotherium

and Samotherium, as well

as other types met with among

the Siwalik beds of India (Sivatherium,
therium).
98 CL Reid
185, 231.

The

Equid

Fig. 453,

were represented

by

the

Brama
existing

"Pliocene Deposits of Britain," Mom. Gaol. Surv. 1890, pp.
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of

the
like

445),

most

abundant

a small ass

or

Fig. 44&-Hipparion gracile, Gaudry (.
quagga, with three toes on each foot, only the central one
actually reaching the ground.
lived also various

apes

Besides these animals there

(Mesopitb.ecus,

446,

Fig.

Dolicho-

Fig. 446.-Masopithecua Pentelici, Gaudry (i).
pithecus), likewise species
hysena, fox, viverra,
The advent of

a

of ox,

porcupine,
colder

eat,

bear,

beaver,

period

is

machairodus,

hare, and mouse.

well

shown

in

the
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of southeastern England, where
younger Pliocene deposits
a number of northern mollusks make their appearance.
The
the

next

period,
warm
the

of

proportion

northern

succeeding or

species

Pleistocene

therefore, embraces the
temperate climate of the

cold

Pleistocene

time.

increases
beds.

rapidly

The

long interval

in

Pliocene

between

the

later ages of Miocene and

The

of

evidence

-.----

change

of

-

b

a

1%.

4

4

Fig. 44.-PlIocene Marine Shells.
a, Rhynchonella psittacea; b, Panopa norvegica (s); c,
Purpura lapillus (J); ci, Tro..
phon antiquus (1). AU these species still live in the seas around Britain.
climate derivable
lusca
shows

may
the

be

from

the

grouped

as

gradual

English Pliocene

marine mol

in

table,

the

extirpation of

subjoined
southern

and

which

advent of

northern forms in the long interval between the
deposition
of the oldest and newest Pliocene
deposits."
-'

0.

eid, op. cit. p. 145.
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Weybourn Crag
Chullosford Crag
.
Fluvio-marine Craig .
Red Crag of Boyton, etc.
Red Crag of W1tou .
.
Coralline Crag .

§ 2.

.
.
.
.

.
.
.
.

Local

53
90
112
119
148
420
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Arctic

Mediterranean

Extinct

0
2
1
23
22
75

5
14
18
55
50
169

9
7
9
13
2
1 (?

Development

Britain."-In the Pliocene period, after a long period of
exposure as a land-surface, during which a continuous and

ultimately stupendous subaerial denudation was in progress,
Britain underwent a gentle, but apparently only local, sub
sidence.
We have no evidence of the extent of this depres
sion.

All that can be affirmed is that the southeastern coun
ties of England began to subside, and on the submerged
surface some sand-banks and shelly deposits were laid down,
very much as similar accumulations now take place on the
bottom of the North Sea.
These formations, termed gener
ally "Crag," are followed by estuarine and fresh-water
strata, the whole being subdivided, according to the
propor
tion of living species of shells, into the
following groups in
descending order:
Base of the ç
Arctic Fresh-water Bed-with salix polaris, Betula nana, etc.
Pleistocene.

Newer
Pliocene
(cold ternperat.e).

Older
P1ioceue
(warm ternperate).

I Leda myalis Bed, classed provisionally as Pliocene.
Gravels
with
Upper Fresh-wat01,
Forest-bed group
merElephas
Estuatine,
iioualis
at
(1.0 to 60 feet).
r
Lower Fresh-water.
Dewlish.
Weybourn Crag (and Chullesford Clay ?), 1 to 22 feet.
Chullesford Crag-5 to 15 feet.
f
Norwich Crag and Scrobicularia Crag-5 to 10 feet.
147 feet at
Red Crag of Butley, etc.
i.. Walton Crag-Lower Bed Crag, 25 feet.
St. Ertli Beds.
Ooralline Crag-40 to 60 feet.
Leuhain Beds (Diestian).
) Box-stones and phosphate beds-with derivative
early Pliocene
fossils.
L

91, Prestwich,
Q. J. Geol. Soc. ixvii.; Lye!], "Antiquity of Man," chap.
xii; Seados Wood, 'Orag 1ufluca," Palont. Soc.; H. B. Woodwwrd, "Geol
ogy of Norwich," and W. Whitaker, "Geology of Ipswich, " etc., both in Mern.
Geol. Survey. The fullest account of the
subject will be found in the mono
graph by C. Beid, already cited, on the "Pliocene Deposits of Britain," Mern.
Geol. Survey, 1890.
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OLDER PLIOCENE.-The deposits of this age probably at
of the south and south.
one time extended over a large
teen reduced by denudation
east of England, but they have been
to a few widely separated patches, the largest of which,
around Oxford in Suffolk, does not cover more than about
sands
ten square miles.
They consist chiefly of shell
known as the Coralline Crag of Suffolk, but a small outlier
of fossiliferous sand occurs on the edge of the North Downs
at Lenham, and other ironstone patches, probably of the
Far to the
same age, cap the Down as far as Folkestone.
west, at St. Erth in Cornwall, an isolated deposit of older
These thin, and scattered
Pliocene age has been detected.
of the length or
fragments convey no adequate conception
of the geological period which they represent.
importance
It is not until we pass into the north of Italy and the basin
of the Mediterranean that we discover the Pliocene system to
be represented by thick accumulations of upraised marine
strata comparable in extent and thickness to some of the
antecedent Tertiary series.
and
A
strongly marked break, both stratgraphieal
pala3outological, separates the Pliocene deposits of Britain
older formations.
They lie unconforrnably on
everything older than themselves, and in their fossils show
The
a great contrast even to those of the Oligocene series.
sub-tropical plants and animals of older Tertiary time are
from

all

replaced by others of more temperate types, though
still pointing to a climate rather warmer than that of south
ern Lngiand at the present time.
A conglomeratic deposit (Nodule beds) forms the base
of the Red Crag, and appears generally to underlie also the
Coralline Crag.
It inciwles fragments of various rocks such
there

as flints, septaria, sandstones, quartz, quartzite, granite, and
other igneous materials, together with a miscellaneous assort
ment of derivative fossils, including Jurassic ammonites and
brachiopods, sharks' teeth and other fossils from the Lon
don Clay, the teeth of many land mammals (pig, rhinoceros,
mastodon, tapir, deer, hipparion, etc.), and pieces of the rib
bones of whales.
Many of these organic remains must have
been derived from some older Pliocene deposit which has
otherwise entirely disappeared.
They have been to a large
extent phosphatized, and hence have been extracted as a
source of 'phosphate of lime.
Among the contents of the
and important are
deposit some of the most interesting
rounded pieces of brown sandstone, known as "box-stones,"
a single horizon,
evidently derived from the denudation of
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The general facies of
and inclosing casts of marine shells.
the assemblage of shells obtained from these fragments of a
lost formation points unmistakably to early Pliocene time.
At present 16 species have been determined, all of which are
wel[-known British Pliocene forms, except two which occur
in Continental Pliocene deposits."
C o r a iii n e C r a g (Bryozoan, White, or Suffolk Crag)
consists essentially of calcareous sands, mainly made up of
shells and brvozoa, and is exposed at various localities in
the, county of Suffolk.
According to the census of Searles
in
Wood, published
1882, the number of mollusks found in
his deposit amounts t) 420 species, of which 251 or 60 per

cent are still living.
Some of the genera of shells give a
southern character to the fauna, such as large arid showy
Ficula,
flinnites,
species of Voluta, Cassidaria, Cassis,
Chama, Cariita, and Pholadomva, likewise Ovula, Mitra,
Triton,

Vermetus,

Ri ngicula, Verticorcli a
Coralliop haga,
and Solecurtus.
Characteristic species are Cardita corhis,
Cdrdlita senilis, Limopis pvgrn sea, iti ngicula buccinea, Vo
Inta Lamberti (Fig. 450), Pyrula reticulata, Astarte Omalii
(Fig. 449), Pholadurnya hist.rna, Pecten opercularis, Lin
gula Duniortieri, and Terebi'atula grandis.
Hardly less
abundant and varied are the bryizoa or "Corallines" from
which the name of the deposit is taken.
No fewer than 118
species have been named, of which 76, or about 64 per cent,
appear to be extinct.
Specially characteristic and peculiar
are the large massive foriis known as Alveolaria and Fas.
cicularia (Fig. 448).
There are three species of corals all
extinct.
Of the 16 species of echinoderms at present known,
Remains of fishes are of corn.
only three are now living.
mon occurrence, especially in the form of ga.noid otoliths.
Teeth and derrnd spines of the skate and wolf-fish are met
with, and to these shell-eating fish the broken condition of
so many of the shells may probably be ascribed.
Traces of
one of the larger dolphins have been found, but no remains

of any of the contemporaneous land-mammals, though a few
drifted land-shells show that the land lay
probably at no
The Ooralline Crag may be regarded as an
great distance.
elevated shell-bank, which accumulated on the floor of a
warm sea at a depth of from 40 to 60 fathoms."
Lenham Beds, Diestian.-On the edge of 'the
Chalk Down of Kent near Lenham,
of sand are
catches
found capping the Chalk, and descending into
pipes on its
0. Reid, op. cit. p. 6 et seq.

97 C. Reid,
op. cit. p. 19 et seq.
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surface, at a height of more than 600 feet above the sea, and
other similar nests of ferruginous sands are met with along
the Downs as far as Folkestone.
At first these deposits were
thought to be portions of the base of the Tertiary series, but
the occurrence of apparently Pliocene shells in them led to
a more thorough investigation of them, with the result that
they have been proved to be of the same age as similar deosits which cap the hills on the other side of the Straits of
over from Boulogne into Belgian Flanders, whence they
stretch northward as a wide continuous sheet into Holland.
These sands. known as Diestian. have yielded at Diest and

Antwerp a large assemblage of fossils, which prove them
to be of older Pliocene age.
Of the Diestian fossils of Hol
land and Belgium so large a proportion has been detected,
generally in the form of hollow casts, in the Lenham depos
its as to leave no doubt of the geological horizon of these
scattered fragments o
a formation.
About 67 species have been obtained
from Lenham, the southern character

.
r
71

/

of

which

is

indicated by the genera

Ficula (Pyiula.), Xenophoia (Phoi'iis),
Triton, and A\ icula, with abundant
examples of Area diluvii, Cardium

papillosum,and Cupularia canariensis.
it
is interesting to notice the
Fig. 448.-Pliocene Polyzoon.
great
Fasdeularia aurantium,change of level winch this fragmentary
M. Edw. (
formation serves to iroye since older
in
Pliocene time
the south of England.
1rom the general
character of the fauna found at Lenham it is
probable that the
shells lived in a depth of not less than 40 fathoms of water.
This vertical amount, added to the
present height of the de
above
the
sea,
a
minimum of 860 feet of uplift.98
posit
gives
S t. E rt h B ed s.-The
only other fragment yet known
of older Pliocene formations in Britain lies far to the west
between St. Ives and Mount's
Bay in Cornwall, where a
of clay, probably less than a
patch
quarter of a square mile
in area, contained in a hollow of the slates, has
preserved an
series
of
interesting
organic remains.
Among the forms
which connect this deposit with
corresponding strata else
where the following may be mentioned: Ohemnitzia
plica
tula, Colambella sulcata, 0yprea avellana, Eulimene tere
bellata, Fiss u.rella costaria, Lacuna
suboperta, Melampus
98 C. Reid,
op. cit. pp. 42, 69.
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reticosa, Natica millep unctata, Ri ngicula
pyramidalis, Nassa
acuta, Troc hus nod aliferens, Turritella i ncrassata, Cardita
culeata, Cardium papillosum."

NEWER PLIOCENE.-The British deposits of this age are,
so far as we know, confined to the counties of Norfolk and
break from
Suffolk.
They are separated by a considerable
the older series, for they lie on an eroded surface of the lat
ter, and pass across it so as to rest upon the Eocene forma
There is likewise a marked
tions, and even on the Chalk.
The newer
contrast between the fauna of the two series.
a long period of
deposits show that the break must represent
took
geological time, during which a great change of climate
place in Europe, for the southern forms are now found to

have generally disappeared, and to have been replacei by
northern forms that, following the change of temperature,
had migrated from the colder north.
B e ci. C) r a g.-Under this name is classed a series of local

accumulations of dark-red or brown ferruginous shelly sand,
which, though well harked off from the Coralline Crag be
low, is less definitely separable from the Norwich Crag
above.

Judging from the variations in its fossil contents,
geologists have inferred that some portions of the deposit are
older than others, and that they successively overlap each
other as they are followed northward.
The oldest part is be
lieved to occur at the southern end of the area at Walton,
where it yields a fauna closely similar to that of the Coral
line Crag.
This portion is lost a few miles further north,
where the Red Crag of Butley appears, containing many
Arctic mollusca.
In the older crag of Walton the advent of
a colder climate is indicated by the appearance of the north
ern shells Buccinum glaciale and
Trophon scalariforrnis, but
of
the
southern
forms still linger, such as Ocrithiurn.
many
trilineatum, Ohemuitzia internodula,
assa 11 mata, N atica

millepunctata, Ovula spelta, Pleurotoma hystrix, Turritella
incrassata, Cardita corbis, Cytherea rudis, and
Limopsis
In the younger part of the Red
the
pygrnea.
Crag
propor
tion of northern shells
greatly increases.
Among them are
Cancel lana yin dul a, Natica ocelusa, Pleurotoma
pyrami.
dalis, P. sealaris, Trophon scalariformis, T. Sarsii, Cardiuni
Char
grcnlandicum, Leda [anceolata, and Solen gladiolus.
acteristic shells of the Red Crag are Acton No, Capulus
obliquus, Cerithium. tricinctum, Eulimene terebellata, Natica
C. Raid, op. cit. pp. 59, 236.
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hemiclausa, Pleu.rotoma turrifera, Scalaria funiculus, Trochus
cineroides, Astarte obliquata, Tellina Benedeni, which are
all extinct.
A few land and fresh-water mollusks have been

met with in the deposit, including Ancylas lacustris, Helix
hispida, Limnea palustris, Paludina media, Planorbis corn
planatus, Pupa muscorurn, Succinea p utris, and Oorbicula
fluminalis.

or Mammaliferous
Norwich Crag (Fluvio-marine
Crag).-As above stated, it is impossible to draw any
orwich Crags.
sharp line between the Red and the
They,
t

):

\ '2Y'

a

Fig. 449.-Pliocene Lamellibranchs.
a, Astnrte borealis. Chenm. (living northern specios: b, Astarte Ornalli, Laj. extinct)
c, Nucula Ojbboldite, Sow. (extinct); ci, Congeria subglobosa, Partseh. (extflCt) (a).
local conditions of sedimentation.
probably represent varying
The
rather than different ages of deposit.
Norwich. Crag
sand
and
consists of a few feet of shelly
gravel, contaning,
shells,
of
which 16 per cent
of
so far as known, 134 species
About 20 of the species are land or fresh-water
are extinct.
The name of "Mammaliferous" was given from the
shells.

of extinct species of elephant,
large number of hones, chiefly
The mammalian remains com
recovered from this deposit.
Of the former are Lutra
and marine forms.
prise both land
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Reevli, Gazella anglica, Cerv us carnutorum, Equus Stenonis,
Mastodon arvernensis, Elephas antiquus, Arvicola interme
dins, Trogontherium Cuvieri.
The marine animals include
Trichechus lluxleyi and Del]?hinus deiphis.
A few remains
of sea-fishes have also been found, such as the cod and
pol
lack.
Among the mollusca the following are characteristic
forms: Paludina media, ilydrobia veutrosa, T urritella corn
munis, Trop hon scalariformis,
Littorina littoi'ea, Mytilus
edulis, Nucula Cobbo1dia
One
(Fig. 449), Cardium edule.
interesting feature is the decided mixture of northern species
of shells, such as Rhynchonella psittacea, Scalaria grcenlau
dica (Fig. 450), Panopaa norvegica, and Astarte borealis
These, with those above mentioned, were fore
(Fig. 449).
runners of the great invasion of Arctic plants and animals

Fig. 450.-Pliocene Gasteropocis.
a, Scalaria grn1anc1ica, Cbemn.; h, Voluta Lamberti, Sow'. (3d); c, Trophon
autiquus, Mull. (Fusus couti'arius) ('a).
which, in. the beginning of the Quaternary ages, came south
ward into Europe, with the severe climate of the north.
The upper part of the Red Crag sometimes
into a
passes
band, called from its prevailing mollusk the "Scrobicularia
This band, which is probably a continuation of the
Crag."
Norwich Crag of Norfolk, is seen at
hi1lesford, in Suffolk,
to pass upward without a break into the Chillesford
Crag."'
Ohillesford
this
name
is
Crag.-.Under
grouped
a local series of sands with occasional seams of clay and
bands

of

shells.

Some

of these shells (Mya arenaria) are
Northern
upright and in the position in which they lived.

100 0. Reid,
For an account of the vertebrate fauna of these
op. cit. p. 100.
see
E.
T.
Newton's
deposits
monographs on "The Vertebrata of the Forest Bed
Series of Norfolk and Suffolk," 1882, and "The Vertebrata of the Pliocene
Deposits of Britain," in M, em. Geol. Surv.
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forms are still more prominent here, while a number of the
The
common Red Crag forms seem to have disappeared.
fauna comprises B accin urn u ndatum, Hydrobia subumbili.
cata, Melampus pyranaidalis, Natica incrassata, N. reticosa,
Purp nra

lapillus.

Ri ngienla

ventricosa,

Trochus

tunudus,

Trophon antiqu.us, Anomia ephippium, Astarte borealis,
Cardita corbis, Cardiurn grcenhtndicum, (Jyprina islanthea,
Leda lanceolata, Lucina borealis, Mactra ai'euata, Nueu.la
Cobbolclhe. Panopea norvegica, Pecten opercularis, Tellina
calearea, Rhvnchonella psittacea.

Weybourn Crag and Chillesford Clay.--A
Chillesford the Chillesford Crag passes
insensibly. upward
into the Chillesford Clay, which is there a fine mcaceous
loam

or

clay containing a few shells and fish- vertebr.
Among the shells of this deposit are Buceinum um:Iatum,
Purpura lapillus, Astarte compressa, Cyprina islandica,
Lucina borealis,
Nucula Cobbo1clia, N. tennis,
Tellina
Traced northward the
obliqun, Cardium grulaudieum.
Chillesforci Clay appears to pass into the deposit known
as the Weybourn Orag, which is a band of laminated
green
and blue clays with loamy sand full of marine shells, well
seen along the Norfolk coast to the west of Cromer.
This
member

of the series has yielded 53 species and marked
varieties of marine shells (ii'ellina baithica, specially abun
dant, Saxicava aretica, Nucula Cobboldi,
Mya arenaria,
M. truneata, Cyprina islauthea, Astarte
compressa, A. sul
cata, A. borealis, Turritella terebra,
Trophon autiquus,
Purpura lapillus, Pleurotoma ti.u'ricola, Littorina littorea,
Buceinum unclatum, etc.), of which five, or 106
per cent,
are extinct, and nine
are
Arctic
forms.
species

.Forest-bed Group."'-One of the most familiar
members of the English Pliocene series is that to which
the name of the "Cromer Forest-bed" has been
given.
It occurs beneath the cliffs of
on
the
Norfolk
bowider-clay
coast, and was believed to mark a former land-surface, with
the stamps of trees in situ.
More careful study, however,
has shown that the stumps have all been transported to their
present position, and lie not on an old soil, but in an estu101 On this
group see LyelI, Phil. Mag. 3d ser. xvi. 1840, p. 245, and h13
"Antiquity of Man"; Prestwicli, Quart. J'ourn. Geol. Soc. xxvii. 1871, pp. 325,
452; Geologist, iv. 1861, p. 68; Johu Gut'in, "Geology of Norfolk," 1864; 0.
Reid, Geol. Mag. (2) vol. is'. ISV?, p. 300; vii. 1880, p. 548;
"Geology of th9
Country around Cromer" in Mem, Geol. Surv. 1882; "Pliocene Deposits of
Britain" in Mom. Geol. Surv. 1890; E. T. Newton's
monographs cited on tb3
previous page.
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It is now agreed that the
anne deposit.
group of strata
known as the Forest-bed series may be divided into three
groups, an upper and lower fresh-water bed separated by
an estuarine layer.
The general character of the strata
comprised in this member of' the Pliocene series is shown
in the subjoined. table:
Leda myalis Bed (p. 1663).
I Upper Fresh--water Bed, consisting of sand mixed with blue clay, 2-7
foot, and inclosing twigs and shells (Succinea putris, Cyclas cornea.
Valva.ta piscinalis, Bvthinia tentaculnla, Pisidium amnicum, etc.).
.
Forest-bed (estuarine). composed of laminated clay and lignite, alternat
ing gravels and sands with pehhles, cakes of peat, branches and
5 1
stumps of trees, and mammalian bones, etc. (ranging up to more than
20 feet in thickness).
Lower
2
Fresh-water Bed, made up of carbonaceous, green, clayey silt
I
full of seeds, with laminated lignite and loam.
1
Weybourn Crag.
The vegetation preserved in this group of strata embraces
least 56 species of flowering
plants, two of which, the
water chestnut and spruce fir, do not appear to have be
longed to the British flora since the Glacial period: the
others are nearly all still
The variety
living in Norfolk.
of forest-trees points to a mild and moist climate; they in
at

clude the maple, sloe, hawthorn, cornel, elm, birch, alder,
hornbeam, hazel, oak, beech, willow, yew,
pine, and spruce.
The land and fresh-water shells number 58
species, whereof
five appear to be extinct (Limax modioliformis, Nernatura
runtoniana, Paludina glacialis, P. media, Pisidium astart
oides) and five no longer live in. Britain
(including Hydro
bia Steinii, Valvata fluviatilis, Corbicula fluminalis).
The
known marine shells in the Forest-bed series are so few
in 'number (19 species) that they do not afford a
satisfactory
basis for comparison with other
parts of the Pliocene forma
tions.
Some of them may have been washed out of the

Weybouru Crag below, and they are all common Wey
bourn Crag fossils, including several extinct
species (Me
lampus pyramidalis, Tellina obliqua, Nucula Cobboldia3).
They indicate that the climate of the time when they lived
was probably not
greatly different from that of the present
Fourteen species of fishes have been
day.
recognized
Woodwardi,
cod,
and
marine
forms,
(Platax
tunny among
also perch, pike, barbel, tench, and
sturgeon among fluvia
tile kinds).
The fauna also includes two reptiles
(Tropi
donotus natnix, Pelias berus), four
amphibians (frogs and
tritons), five birds
(eagle-owl, cormorant, wild goose, wild
duck, shoveller duck), and fifty-nine mammals.
These last-
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give the Forest-bed its chief geological
terest.
They include a few marine forms-seals, whales,
walrus, and a large and varied assemblage of terrestrial
and river-haunting forms, such as ca:rnivores-Machairodus,
named

fossils

lupus, C. vulpes, Hyona crocuta, Ursus spe1aus,
Mustela martes, Gu.lo luscus, Lutra vulgaris; ungulates.
Bison bonasus, Ovibus mosehatus, Alces latiirons, Corvus
Canis

elaphus (and nine other species), Hippopotamus amphibius,
Sus scrofa, Equus caballus, E. Stenonis, Rhinoceros etrus
cus, Elephas antiquus, E. meridionalis; rodents-Arvicola
arvalis, Mus svl vatic us, Castor fiber, Trogon therium C uvieri;
insectivores-Talpa europea, Sorex vulgaris, S. pygmus,
The contrast between this strange col
Myogale mosc.hata.
lection of
associated
The

most

animals and the familiar aspect of the plants
with, them was long ago remarked by Lyell.'°
abundant and conspicuous forms are the three

species of elephant, while the hippopotamus and rhinoceros
are of common occurrence.
Of the two horses one is ex
tinct, the bison and wild boar have survived, while the
whole of the remarkably numerous species of deer have
with the single exception of the red-deer.
The
disappeared,
carnivores embraced also living and extinct forms, for the
long-vanished machairodus haunted the same region with
our still surviving fox, otter, and marten, and with other
animals which, like

the

hyna, wolf, and glutton, though
Britain, survive elsewhere.
The total

no longer found in
species of land mammals (exclusive of bats) found in the
Forest-bed is 45, while the corresponding series of the
OC th
80
living British fauna numbers only 29 species.
large land mammals found in the Forest-bed only three
are now living in Britain, or have died out there within
the historic period, and only six species have survived in
any part of the world.'"
The Cromer Forest-bed is succeeded
on the Norfolk
coast by some sands and gravels of which the true
position
in the series of formations has not yet been definitely fixed.
They include two distinct members, though their precise
relations to the Crag below and the glacial materials above
are still not satisfactorily settled.
The lower band is knowü
as the Leda myalis bed, and the upper as the Arctic fresh
water bed.
The former may be provisionally placed with
'°

"Antiquity of Man," 1st edit. 1863, p. 216.
Deposits of Britain," p. 182.
10 c Reid,
op. cit.

See also C. Reid, "Pliocene
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The latter
the rest of the Pliocene formations of Norfolk.
can hardly be separated from it, and would not be so sepa
rated but for the remarkable character of its few included
These indicate such a great increase of cold. as to
fossils.
show that the conditions of the Glacial period must now
have set in.
Hence the Arctic fresh-water bed is classed

with the Pleistocene series.
L e d a in y a ii s B e d.-This band, nowhere more than
20 feet in thickness, consists of false-bedded loamy sand,
loam or clay, and a little gravel, and lies sornetirne.s on the

the Weybourn Crag.
This Un
conformability may mark a considerable interval of time.
Among the, scanty organisms of this deposit the following
may be mentioned: Buccinurn undatuni, Littorina littorea,
L. rud.is, Purpura lapillus, Tropon antidluns, Astarte bo
Forest-bed,

sometimes

on

realis, (Jardium edule, Cyprina islanrlica, Leda niyalis, Mva
truncata, Mytilus edulis, Ostrea edulis, Tellina haithica.
Some of these shells (the Astarte, Leda, and Mya) are

found with the valves united in the position of life.
The
Lecla is an. Arctic species not known in any of the under
lying formations.
Arctic Fres h-water Bed.-Referencemaybemade
here to this deposit which is so intimately linked with that
It consists of stiff blue loam, clay, and sand,
last described.
sometimes more than two feet thick, like the deposits of
transient floods.
Its plants include a number of mosses,
with the dwarf Arctic birch and willow (Betula nana and

Salix polaris, Fig. 454)-a vegetation wherein trees seem to
have as completely disappeared as in the Arctic lands.
It
may indicate a lowering o temperature by about 20° Fahr.
"a difference as great as between the south of England and
the North Cape at the present day, and sufficient to allow
the seas to be blocked with ice
during the winter, arid to
allow glaciers to form in the hilly districts." '"
Among the
a
few
land-shells
been
have
found such as Su.ccinea
plants

putris, S. oblonga, Pupa muscorum, together' with some
wing-eases of beetles.
Various pebble-gravels occur in different parts of south
ern England, the true
stratigliaphical position of which
is still undetermined.
They are generally unfossiliferous.
Some parts of them
In the southwest,
may be Pliocene.
at Dewlish in Dorset,
t deposit of sand and gravel has
104 C. Reid,
op. cit. p. 198.
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teeth referred to
yielded a number of elephant bones and
meridionalis, and pointing to an
Upper
E1ephas
Pliocene
age.
the English Plio
Belgium and Holland.-The sea in which
down probably extended across
cene deposits were laid
of France, but
Belgium, Holland, and the extreme north
no trace of its presence has yet been found eastwnr4l in
In Belgium the base of the Pliocene is found
Germany.
to rest with a strong unconformability on all older deposits,
The
even on the Miocene sands (Bolderian and Anversian).
has
been
older Pliocene group consists chiefly of sand, and
named Diestian from the locality where it is typically de
At Antwerp, Utrecht, and. other piaes it Las
velopecl.
yielded a large assemblage of fossils (190 species), all of
which. save 22 occur in the English Coral1ire Crag and
!enham beds.
This horizon may be paralleled witi
the
Plaisancian

Above
group of southern France and Italy.
the Diestian sands, comes the group known a.s Scaldesian,
which is likewise male u
iuauilv 0 sands inclosing a fauna
closely resembling that of the lower pLrt of the English Red
The higher groups seen in England
Crag (Walton Crag).
have not yet been. Identified by means of fossils in Bdgiuin
and Holland.
Yet the Pliocene deposits attain in these
countries a far greater thickness than. they do in England.
A
Amsterdam, for example, a deep boring has passed
through younger Tertiary strata to L depth of 1093
below sea-level, and yet it is doubtful, according to

feet
Mr.

Reid, whether any portion of this great thickness is so old
as the Diestian group." Belgian Pliocene deposits, of which
the precise horizons have not been determined, have yielded
a large number of bones of marine ma.mmalia, including
seals, dolphins, and numerous cetaceans, as well as remaiIi
of fishes (Carchai'odon, Lamna,
Oxyi'hina, etc.).
France.- -.In the north of this country unfossiliferou.s sands
which cap the hills between Boulogne and Calais at hei2hts
of 400 or 500 feet, and stretch eastward into French Flan
ders, are believed to be continuations of the Lealiazn and
106
In central France, younger Pliocene
Diestian group.
posits associated with the volcanic materials of that region
have preserved an interesting record of the terrestrial fauna
'if the time.
The trachytic conglomerate of Perrier and the
ossiferous deposits o
other localities in Auvergne have
1.05 C. Reid,
op. cit. p. 220.

106

Op. cit. p. 50.
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yielded an abundant fauna, in which the apes are absent,
the antelopes have dwindled in size and number, the deer
have grown very abundant, true elephants for the first time
appear, associated with a species of hippopotamus, nearly if

not quite identical with the living African one, two kinds
of hyna, and the hipparion and machairodus that had su
viveci from earlier times.
This fauna indicates a decided
change of climate to a more temperate character.
Among
the volcanic products of Haute Loire remains of Mastodon
arvernensis, Bhi noceros leptorhinu.s, Equus Stenouis, and
Machairodus pliocEenus have been collected.
Along the sop.thern coast of France, marine Pliocene

deposits lying unconfortnably on every series older than
themselves bear witness to the elevation' of that region since
Pliocene time, some of the beds reaching a height of 1150
feet above the present sea-level.
These marine strata ex
tend

for some distance

the valley of the Rhone, where
up.
they mark the final deposts of the sea in that part of the
mainland of Europe.
They cap the plateaus and rise toward
the north and west, indicating a maximum of elevation in
that direction.
The mans of Hauterives
(formerly rearded
as Miocene) are remarkable for their beds of coarse con
glomerate, which represent some of the torrential deposits
These mans con
swept down from the neighboring hills.
tain land. and fresh-water shells.
The whole series of Pliocene deposits in southern France
i07
has been divided into the
following groups.
rcusian.

Astian.
all'

Plaisancian
(200-250
metres).

I Fresh-water and volcanic groups of Auvergue, etc. (St. pre-At,
Perrier°) with Elephas meridionalis in the younger and
arvornensi iu the older deposits.
Mas-todon
Sands and clays of uvatilo or lacustriue origilt, with a few shells
(Unio, AnoUonta, Planorbis, Helix) and a large and varied as
s.etnblage of terrestrial and fiuviatile vertebrates (Dolicliopithe
cus, Machairodus, Caracal, Hyena, Mastodon arvernensis,
Rhinoceros leptorhinus, Tapirus arverndnsis,
Hipparion, He
laretos, Gazella, Crvus, etc.,
Montpelier, Rouilon).
Yellow sands with Potamidos Basterioti, Centhium
vulgatum,
Congeria, Ostrea cucullata, Pecten benedictus, Cardium, Venus
multilamelia.
Sandy blue naicaceous clays (with a large marine fauna, 233
species, comprising Nassa semistriata, Mitra striatula, Con us
pelagicus, Cerithium vulgatum, Cytherea chione, Pecten bone
dictus, P. scabrellus, Ostrea cucullata).
Lower conglomerates sometimes 80 feet thick.

101 Fontannes,
"Etudes Stratigraph. Paleont. pour servir a I'bistoire de la
A10eriode, Tertiare dans le Bassjn
du Rhône," Paris, 1875-89;
Ann. Sci.
Geol. xvii. 1885; Mern. Soc. Geol. France, I. fascie. 1, 1890.Deperet,
108 Pottier, Bul. Soc.
Geol. France, vii. 18'9, p. 93'i.
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is traced eastward into Italy
Italy.-As the Pliocene series
its lacustrine interealations disappear and it becomes mainly
a marine formation, which is so amply developed there that
it might be taken as typical for the rest of Europe.
Along
both sides of the chain of the Apennines it forms a range
of

low hills, and

has been

named

that circumstance
Ligurian region, ac

from

in the
"sub-Apennine series."
cording to C. Mayer, it consists of the following groups
in ascending order: 1, Messinian (=Zanelean of Segue.nza),
molasse (65
composed of (a) mans, conglomerates, and
feet), with Cerithiurn pictum, C. rubiginosum, Venus multi
lamella, Pecten cnistatus, Turritella communis, T. subangu
lata; b) gypsiferous mans, limestones, clolomites (320 feet),
traceable along the range of the Apennines as far a Girgeuti
the

in

Sicily by its well-known gypsum zone, and containing
Turritella suhangulata, Natica helicina, Pleurotorna dimi
diata, etc. ; (c) gravels and yellow mans, with beds of lignite
of 300 feet).
2, Astian, composed, at the foot of
(upward
the Ligurian Apennines, of two groups (a) blue marls with
Den talium

sexangulare, T urritella conan unis, T. torn ata,
Murex trunculus, Natica millepunctata, etc.; (b) yellow
sands with few fossils ($00 feet and more)."'
More re
cently Prof. Sacco has estimated the whole series in the.
central portion of the northern Apennines to have a thick
ness of nearly 1500 feet, which he groups as in the sub
joined table:"
Villafranchian
(100 metres).
Astian
(100 metres).
Plaisancian
(150 metres).
Messinian
(100 metres).

I FIuvio-lacustrine alluvial sands, mans, clays and conglmor
ates, with shells indicating a warm, moist climate, R1iitio
eros etruscus, Mastodon arveruensis, etc.
Yellow
sands and gzavels, iicli in littoral, marine or estuariiie
ç
fossils.
J Mans and sandy clays with abundant marine £osils, from one
third to one-half of the shells belonging to living species.
au y and claycy mans with seams of gypsum and limestone
i
marking alternations of brackishwater and marine condi
tions. The shells include Dreisseuzt, Adacna, Cyrena, Neri
todonta, Melania, Melanopsis, Ilvdrohia, etc.
Some of the
mans are full of leaves (Thuja. Pliragmites, Myrica, Quer.
cus, Castanea, Fagus, Ijimus, Picits, Liquidambar, Laurus,
Sassafras, Cinnamoinum, ithamnus, etc.).
I

In Sicily a similar threefold grouping has been made
by
Seguenza, who has traced the same arrangement throughout
109 C. Mayer, Bull. Soc. Gool. France
(3), v. 292.
110 F. Sacco, "11 Bacino Terziario del Pienionte," Milan,
1889.
De Stefdni Atti. Soc. Tose. Sci. Nat. 1876-84.

See also
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The lowest group is named by
large part of the mainland.
him Zanclean, and consists of mans and light-colored lime
The Plaisancian follows in a
stones.
group of blue clays or
mans, while the succeeding Astian consists of yellow sands.

01 these stages the first is characterized by a fauna of which
nearly i are peculiar species, and only 85 out of 504 species,
or about 17
" cent, belong to living forms which are
nearly
all found in the Mediterranean.
Some of the common spe
cies of the deposit are Janira flabelliformis, Terebratulina
capu t-sei'pentis, Rhynchonella bipai'tita, Dentalium triq ue
trum, Liiu.opsis aurlta, Leda di1atta, L. striata, Phil!., M.Dda
iolL
-1
are well represented
phaseolina.
Tropical genera
among the shells of the Italian Pliocene beds, while some of
the still living Medieraneau genera occur there more abun
dantly, or in largr forms than on the present sea-bottom.
The newer Pliocene deposith attain in Sicily a thickness of
2000 feet or more, risiag to a height of nearly 4000 feet abov
the present sea-level, and covering nearly half of the islaui.
To this series
though possibly it should be regarded -.1.3
Pleistocene, is assigned a yellowish limestone, sometimes re
markably massive and compact, and 700 Cr 800 feet thic.,
yet full of living species of Mediterranean shells, some of

which even retain their color, and a part of their animal mat
ter.
It was during the accumulation of the Pliocene strata
that the history of Etna began, the first stages
being subma.
rine eruptions, which were followed by the
piling-up of the
vast subaerial cone upon the upraised Pliocene sea
Eresent
otto.n.
There is distinct evidence of a lowering of the climate of
southern Europe during the deposition of the Italian Plio.
cene series.
Not only did many of the
distinctively south
ern types of shells gradually
from
the Mediterra
disappear
nean, but others of markedly northern character, such as
The Italian Pliocene
species of Astarte, took their place.
deposits, while chiefly of marine origin, contain also among
their higher members lacustrip3 or uliviati1e strata, in whic
remains of the terrestrial flora and fauna have been
pre
served.
In the upper part of the
of
the
an
ac
Arno
valley
cumulation of lacustrine beds attains a
depth of 750 feet.
The older portion consists of blue
clays and ligmtes, with
the abundant vegetation above referred to
The
(p. 1648).
200
feet
consist
of sands and a conglomerate ("san.
upper
sino"), and have yielded remains of 39
species of mamma!
Macacus
florentinus,
Mastodon
rnoluamg
arvernensis, Ele.
meridionalis,
Rhinoceros
etruseus,
pirns
Hippopotamus am-
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etruscus,
phibius (major), Hyana (3 sp.), Felis (3 sp.), Ursus
Machairodus (3 sp.). Equus Stenonis, Bos etruseus, Oervus
5 sp.), Pahooryx, Pahooreas, Castor, Hystrix, Lepus arvi
cola.m
These strata are sometimes grouped as a higher zone
of the Pliocene series under the name of Arn.usian."9

Cermany.-The absence of marine Pliocene, formations in
Germany has been already referred to.
Among the lacus
trine and fluviatile deposits of the period, however, numer
ous remains of the terrestrial flora and fauna have been
One of the most celebrated localities for the dis
preserved.
covery of these remains lies in the Mainz basin, where at
Eppeisheim, near Worms, above the Miocene beds, described

on p. 1639, a. group of sands and gravels with lignite (Knoch
ensand), from 20 to 30 feet thick, has yielded a considerable
urnber of mammalian bones.
Among these the Deinothe
rium giganteum occurs, showing the 1ong survival of this
animal in central Europe
also Mastodon angustidens, Rhi
noceros incisivus, and other species, iippotlierium gTaeile,
several species of Sus, five or more of Corvus, and some of
Fells.

Interesting collections of the terrestrial fauna of the
period have been preserved in the calcareous tufts of min
eral springs in different parts of Germany.
Besides numer
ous remains of land-plants, large numbers of land and fresh

water shells have been obtained from these
deposits, which
in some cases point to *a colder climate than now exists.
In.
the Franconirtn All), for instance, the occurrence of
alpine
and northern European forms of land-shells
(Patula solaria,
Clausilia densestriata, C.
vicina,
filograna, Helix
Pupa
The mammals
pagodula, Isthrnia costulata) has been noted.
include many extinct as well as some still
living forms (Ele
phas antiquus, Rhinoceros Merkii, Sus scrof a, Cervus cia
phus, C. capreolus, Bos primigenius, Equus
aballus, Ursus
Meles
speheus.
vulgaris, Hyena spelaa).
Vienna Basin.-In consecutive conformable order above the

lii 0. J. Forsyth
Major, Q. J. Geol. Soc. xli. 18S5, p. 1.
112 Mr. C. Reid
suggests that the lignite deposits of the Val d'Arno (with
Tapirus) may be much older than the rest of the lacustrine strath (with Masto
don and Elephas). A large proportion of the plants in them is extinct, and the
tapir is the only animal whose remains are found in them. They may possibly
be even Miocene.
113 F. von
Sandberger, "Land und Süsswasser Conchylien der Vorwelt,"
1875, p. 936; Sitzb. Bayer. Akad. xxiii. 1893, Heft 1; Iiellmann, Paiwonto
graphica, suppi.
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Miocene strata described on p. 1640, come the highest Ter
tiary beds of this area, referred to the Pliocene period, and
known by the name of the "C o n g e r i a n stage," from
the abundance in them of the inollusean genus Congeria
(DreisserLa (Fig. 449).
They are separable into two toler.
ably well-c ehued zones, which in descending order are:
2.

1.

Belvedere-Se hotter-a coarse conglomerate or
gravel of quartz and other pebbles, occasionally

yielding bones of large mammals; Belvedere-sand
a yellow micaceous sand, forming the lower
member of the zone and containing in its more com
These
pact portions abundant terrestrial leaves.
strata resemble part of the alluvia of a large river.
Their name is taken from the Belvedere in Vienna,
where they are well
developed.
Inzersdorf Tegel-a tolerably pure clay reach.
This de
ing a depth of often more than 800 feet.
posit, the youngest Tertiary layer that is widely
distributed over the Vienna basin, points to con
tinued and general submergence.
The facies of
its

fossils,

however, shows that the water no
communicated
longer
freely with the open sea,
but seems rather to have partaken of a Casian
character.
Among the conspicuous mollusks' are
Congeria subglobosa, 0. Partschi, 0. triangularis,
C. spathulata, 0. Ozjzeki, Cardium carnuntinuin,

C. apertum, C. conjangeus, Unio atavus, U. mora
vicus, Melanopsis martiniana, M. iinpressa, M.
vindobonensis, M. Bui.
The mammals include
Mastodon longirostris, M. angusti dens, Dein othe
ri urn gigante urn, Aceratheriurn incisivum, Hippo.

therinin gracile, antelope, pig, Machairodus cul.
tridens, Hvena hipparionum.
The flora includes,
among other plants, conifers of the genera Glyp.
tostrobus, Sequoia, and Pin us, also species of
birch, alder,
oak,
beech, chestnut, horubeam,

liquidambar, plane, willow, poplar, laurel, cinna
mon, buckthorn, with the Asiatic genus Parrotia,
the Australian proteaceous Hakea (Fig. 442), and
the extinct tamarind-like Podogoniurn.
In

other

parts of the Austro-Hungarian empire interesting evidence exists of the gradual uprise of the sea-floor
during later Tertiary time and the isolation of detached areas
of sea, so that the southeast of
Europe must then have pre-
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seated some resemblance to the great Aralo-Caspian depres
The Oongerian stage brings before
sion of the present time.
us the picture of an isolated gulf gradually freshening, like
the modern Caspian, by the inpouring of rivers; but on both
sides of the Oarpathian range there were bays nearly cut off
from the main body of water, and exposed to so copious an
evaporation without counterbalancing inflow that their salt

was deposited over the bottom.
Of the Transylvanian locali
ties, on the south side of the mountains, the most remark
able is Parajd, where a mass of rock-salt has been accumu
lated, having a maximum of 7550 feet in length, 5576 feet in
breadth, and 590 feet in depth, and estimated to contain up
ward of 10,595 millions of cubic feet.
On the northern flank
of the Oarpathian Mountains, near Cracow, lie the famous
and extensive salt-works of Wieliczka, with. their massive
beds of pure and impure rock-salt, gypsum, and anhydrite,
some of the strata being full of fossils characteristic of the
upper zones of the Vienna basin.
The southeast of Europe, during later Tertiary time, was
the scene of abundant volcanic action, and the outpourings
of trachyte, rhyolite, basalt and tuff were specially abundant
over the low districts to the south of the Oarpat'hian chain.

Creece. -A remarkable series of mammalian
remains
to
from
certain
hard red clays, alternating
brought
light

Fig. 451.-Helladotberiuiu Duvernoyl, Gaudry (h).
gravels at Pikerini, in
worked. out by M. Gaudry."4
with

Attica, has been.
carefully
The list includes a
monkey

114 "Animaux fossiles e Geologie de 1'AtUqne," 4to, 1862, with volume o
plates; Bull. Soc. Geol. France, xiv. 1885-86, p. 288. See also Roth and Wag
ner, Abbandi. Bayer. Akad. vii. 1854; T. Fuchs, Denkscb. Akad. Wien, xxxvii.
isn, 2e Abtheil, p. 1; Boll. Ooni. Geol. Ital. ix. 1878, p. 110; W. T. Blanford,
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(Mesopithecus) intermediate between the living SemnopitheThe carnivores are reprecus of Asia and the Macaques.
sented by Simocyon, Mustela, Prornephi tis, Ictitherium-a
genus allied to the modern civet-llynictis, Hyena, Ma
of Felis;
the rodents
chairodus, and, several species
s
y
l
by i
allied
to
the
common
the
edentates
trix,
by the
porcupine;
gigantic Aneylotherium; the proboscideans by Mastodon

and Deinotherium; the pachyderms by Rhinoceros (several
species), Aceratherium, Leptoclon, iipparion, and a gigantic
wild boar (Sus erynian.thius); the ruminants by
Camelopar
dalis, of the same size as the living giraffe, ilelladotherium.
-a form between the giraffe and the antelopes, three species
of true
antelope-Pakeotragus, an
antelope-like animal,
Paheoryx, somewhat like the living Africa. gemsbok, and.
Pala3oreas, allied to the African eland and the gazelles,
Gazella, a true gazelle, Drernotherium, probably a horniess
ruminant like the living chevrotains.
A few remains of

birds have also been. met with, including a Phasianus, re
lated to our pheasant, a Gallus, smaller than our common.

Fig. 452.-Head of Machairodus, the sabre-toothed Tiger, reduced.
domestic fowl, a Grus,
closely related to the living crane;
also bones of a turtle and a saurian (Varanus).
This fauna
is remarkable for the extraordinary abundance of its runii"
nants, the colossal size of
many of the forms, such as the
and
ilelladotherium, the singular rarity of the smaller
giraffe
mammals, the marked African facies which runs
through the
whole series, and the unuiber of transitional
types which it
contains.
Out of the 31
genera of mammals which have
been obtained, 22 are extinct.
The Pikermi beds have been

classed as
Upper Miocene, but the occurrence of 4 character
istic marine Pliocene
species of shells below them (Pecten.
benedictus, Spondylus
gderopus, Ostrea larnellosa, 0. un
data) justifies their
being placed in a later stage of the TerAddress, Geol. Sect. Brit. Assoc. 1884. W. Dames
(Zeitsch. Deutseh. Geol.
Ges. xxxvi. 1883, p. 9) has added a species of Cervus and oe f Mus to
the
previously known Pikermj forms.
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Fuchs to form part of the
They are shown by
tiary series.
Pliocene series of Attica, and lie in the highest part of that
series.

Samos.-.[n an irregular deposit of gravels, sandstones,
and mans in the island of Samos, Dr. Forsyth Major has clis
covered a large assemblage of vertebrate remains of an age
similar to thit of the Pikermi strata.
Among the fossils

obtained by him are many of the same species as are found
at the Grek locality, such as Promephitis Larteti, Mustela
pa1attica, Lvcyena OIiretis, ictitherium robustum, I. hip.
jariouum, Anv lothenium Pentelici, Mastodon Pentelici,

hinoceros pac hygnathus, flip p anion mediterraneum, Sus
erymanthius; seven antelopes, Pa1oreas Lindermayeri, Ga
Be
zelia brevicornis, Pala3oryx Pallasii, and two others.
sides these, there are some half dozen antelopes of African

types, and true edentates, Orycteropus Gaudryi, Paheomani
Neas, a new genus of gigantic ruminants, Samottierium, be
longing to the family of the giraffes, and recalling the .lIel
iadotherium of .Pikermi, and an ostrich (Struthio Karatheo
doris).
India.-Not

less

important than the massive Pliocene
accumulations of the Mediterranean basin, are those which
have been found in Sind, the Punjab, and. other northwest.
em
tracts of India.
In Sind, the noteworthy fact has been
made

out by the Indian Geological Survey that, from the
Upper Cretaceous to the Pliocene beds, the whole
succes-sion
of strata, with some trifling local
exceptions, is con
formable and continuous; yet contains evidence of alterna
tions of marine and terrestrial conditions, the latest marine
intercalations being of Miocene date.
The upper division of
the Manchhar group (p. 16
is not improbably referable
to the Pliocene period.
It consists of clays, sandstones, and
conglomerate, 5000 feet thick, which have yielded some
indeterminable fragmentary hones.
Similar strata cover a
vast area in the Punjab.
They are admirably exposed in
the long range of hills termed the Sub-Himalayas, which
from

the Brahrnaputra to the Jheluni, a distance of 1500
miles, flank the main chain, and consist chiefly of soft
massive sandstone, disposed in two parallel lines of
ridge,
a
face
and
a
more
having
steep southerly
gentle northerly
and
broad
fiat
a
These strata,
slope,
separated by
valley.
an
with
aggregate thickness of between 12,000 and 15,000
116

Cowp. Rend. 31st Dec. 1888; 1891, pp. 608, 'i08.
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feet, contain representatives of the older Tertiary or Num.
mulitic series, followed by younger Tertiary deposits which
are classed together in. what has been termed the Siwalik
This group is of fresh-water origin, for its included
group.
Its com
organisms are entirely land or fresh-water forms.
ponent clays, sandstones, and conglomerates have been de
posited by great rivers which appear to have flowed from
the Himalayan chain by the same outlets as their modern.
These deposits vary according to their
representatives.

position relatively to the great rivers.
They have been
in
last
involved
the
ooloal movelitents whereby the Hima
have
been
layas
upheaved, yet their structure shows that
'..4

f

/

Fig. 453.-Sivatherium giganteum Fa1c reduced.
A gigantic form of antelope having two pairs of horns, found in the Siwalik
beds of India.
be

same distribution of the water-courses has been main
tained as existed before the disturbance.
In this instance,
as in that of the Green River through the Uinta range in
western America, the inference seems to be
legitimate that
the elevation of the mountains must have
proceeded so
that
the
erosion by the rivers kept pace with it,
slowly
and the positions of the
valleys were therefore not sensibly
Book
changed (see
VII.).
The. Siwalik fauna consists partly of a few land or fresh
water mollusks, some, if not all, of which are identical with
living species; but chiefly of mamnialia; and the following
list comprises the vertebrate fauna so far as at
present
known:`
"

Falconer and Oautley, "Fauna Autiqua Sivalonsis," 1845-49. MedIicot
nd Blanford, "Geology of India," p. 577. Blanford, Brit. Assoc. 1880, p. 577;

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1674

TEXT-BOOK

OF GEOLOGY

MAMMALIA. -Priinates.---'Palopithecus, 1 sp.; Maca
cus, 2; Cynocephalus, 2.
Oarnivora.-Mustela, 1; Mellivora, 2; Mellivoroi.
don, 1; Lutra, 3; ilyarnodon, 1; Ursus, 1; Uyenarc.
tos, 3; Oanis, 1; Amphicyon, 1; Viverra, 2; Hy.
na, 5; Lenthyena, 1;
Eluropsis,. 1; Ailurogale, 1;
fac,hairodus, 2.
Felis, 5;
Probosi dea.-EIphas, 6 (Euelephas, 1; Loxodon,
Mastodon, 7.
1: Stegodon,
~);
Tlngulata.-Chalicotherium,1; Rhinoceros3; Equus,
2; Hipparion, 2; Hippopctainus, 2; rpej.acouodofl,
1; Sus, 7; Hi jpohyus, 2; Sanitheriiiin, 1; Meryco
potamus, 3; (Jervus, 4; Dorcatherium, 2; Tragulus,
1; Pa1aomeryx, 1; Braimttherium, 1; Helladotherium
('?). 1; Hydaspitherium, 2; Sivatherium, 1; Vishnu.
therium, 1; Giraffa, 1:, Alcelaphus, 1; Gazelia, 1;
Oi'eas (?), 1; Palaorx ?), 1; Leptobos, 2; Bubalus,
4; Bison, 1; Bus, 33;' Bucapra, 1; (Japra, 2; Calllelus,
2; l3rs1ap1ius, 1TI potragus, Cobus.
Roclentia.-Ronvvs, 1; I{ystrix, 1; Lepus, 1.

AvES.-Phalaerucorax, 1; Leptoptilus,
2; i\Iergns. 1; Struthio, 1.
RE1'1L1A.-CrocodiIin.-Crococlilus,
R1iarnphosuJiu, 1.

2;

1;

Pelecanus,

Garialis,

5;

Lacerti1ia.-\T.ranus, 1.

Chelonia.-Colossochelys, 1; Testudo, 2; Bellia, 2;
Damonia, 1; Batagur, 1; Pangshura, 1; Emyda, 4;
Trionyx, 1; Uleminys, 7; Chitra, 1..
PISCES. -Bagarius, 1; Arms, 2; Rita, 1; Chrysichthys,
1;

Clarias (?), 1;

Carcharodon, Carcharias.

In. this list there is considerable resemblance to the
groupng of mammalia in the Pikermi deposits just re
ferred to, particularly in the preponderance of large animals,
the absence or rarity of the smaller forms (rodents, bats, in
sectivores), and the marked Miocene aspect of certain parts
of the fauna.
Mr. Blanford and his colleagues of the Geo
logical Survey of India have, however, shown that, though
usually classed as Miocene, the Siwalik fauna has such rela
tions to Pliocene and recent forms as are found in no true
The large proportion of existing genera is
Miocene fauna.
the most striking feature of the assemblage.
Twelve of the
Address, Geol. Sect.. Brit. Assoc. 1884.
Lydekker, "Pa1aonto1ogia Indica,"
Records Gool. Stirv. India, 1883, p. 81; "Oat. Sowalik
ser. x. vols. i. ii. iii.
Vert. Ind. Mus." 1885-86, and Catalogues of British Museum.
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genera are known elsewhere, 7 are Miocene and Pliocene;
of the still living genera 9 range back in Europe to Upper
Miocene time, 10 only to Pliocene, while 6 are only known
elsewhere as living forms or as occurring in post-Pliocene
beds.
The large preponderance of species belonging to such

familiar genera as Macacus, Ursus, Elephas, Equus, Hip
popotamus, Dos, llystrix, Mellivora, Meles, Capra, Camelus,
and Rhizomys, give the whole assemblage a
singularly
modern aspect.
It should be added
that, of the six or
seven determinable reptiles, three are now living in. north
ern India; that of the birds, one is probably identical with
the living ostrich, and that all the known land and fresh
water shells, with. one possible exception, are of existing
species.
North America.-It appears to be doubtful whether any of
the Tertiary deposits of the Atlantiu border can be referred
to the Pliocene series.
They seem to be rather older and to
be covered directly by post-Pliocene and recent accumula

tions."'

In

the Upper Missouri region, the White River
group (p. 1645) is overlain by other fresh-water beds, 300
to 400 feet thick (Loiip River group of Meek and Hayden,
or Niobrara group of Marsh), from which an interesting
series of vertebrate remains has bcer obtained.
Among
these, are those of

an. eagle, a crane, and a cormorant; a
than
that
of India, an elephant, a mastodon,
tiger, larger
several rhinoceroses, the oldest knowii camels (Procamelus,
Homocamelus), equine animals of the genera
Protohippus,
.Pliohippus, Meryehippus, an.] Equns, of which the last was
as large as the living horse.
The remarkably Oriental char
acter of this fauna is worthy of special notice.
At the
eastern base of the Rocky Mountains in Colorado a
group
of sandstones (Denver beds) has
a
large species of
yielded
bison.
Again, abundant remains of Aceratherium have
recently been found in the Pliohippus beds of the Upper
Pliocene series of Kansas."'

Australia.-In New South Wales, during what are supmed to correspond with the later Miocene, Pliocene, and
leistocene periods, the land
appears to have been gradually
rising and to have been exposed to prolonged denudation
and, in. the Middle Pliocene
period, to great volcanic ac" Blanford,
Brii,. Assoc. 1880, p. 578, and 1884, Address.
118 A.
Heitprin, as cited on p. 1612.
119 Marsh,
Amer. Journ. Sci. xxxiv. 1887, p. 323.
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Hence successive fluviatile terraces were formed
tivity.
and 'eroded in the valleys, and were in many cases buried
It is in these buried river
under great streams of lava.
beds that the "deep-leads" lie, from which such large
are obtained.
They have preserved with
quantities of gold
wonderful perfection remains of the flora and fauna of the
trunks, branches, and
Among the plants are large
period.
With these are associated fresh
fruits of trees, and ferns.
water shells, traces of beetles, and bones of a number of
extinct marsupials, some of which were distinguished by
their great size.
One of the most abundant and remarkable
of these creatures was the Diprotodon, which attained the
Another is the No
bulk of a rhinoceros or hippopotamus.

totherium, probably somewhat like a large tapir, of winch
An extinct gigantic kan
three species have been named.
garoo (Macropus Titan) had a skull twice as long as that
There were also wombats
of the largest living species.
Phasco1omys), and a marsupial lion (Thylacolco), with the
marsupial hyena (Thvlacinus), and Sarcophilus or "devil,"
To these may be added the
which still live in Tasmania.

Dromornis-a large bird represented now by the emu.
in Victoria a younger Tertiary series overlies the older
volcanic rocks referred to on p. 1639, and is likewise asso
ciated with
marine and

newer

volcanic

It includes both
ejections.
fluviatile deposits.
The marine group, witi
of
ilaliotis,
Cerithiurn,
Waidheimia, etc.,
species
Trigonia,
is found up to heights of 1000 feet above sea-level.
The
flu.viatile deposits, besides auriferous gravels, include also
beds of lignite with abundant remains of terrestrial vegeta
tion, and have yielded remains of Diprotdon, Phascolomys,
Thylacoleo, Macropus, Procoptodon, Dasyu.rus, ilypsiprim
nus, Canis dingo, etc.
Vast sheets of basaltic and doleritic
avas have overspread the plains and filled up the Pliocene
river-beds.
In Queensland the presence of Tertiary rocks is inferred
rather than proved.
But from the similarity of the volcanic
rocks of that colony to those of Victoria and New South
Wales, it is believed that the older and newer volcanic
groups which
tiary age.'

have

been

established

are

likewise

of

Ter

120 0. S. Wilkinson, "Notes on Geology of New South Wales,"
Sydney, 1882.
' R. A. F.
of
Victoria,"
113.
"Geology
p.
Murray,
12 These volcanic accumulations are extensive and of
great interest. They
have been described by Mr. R. L. Jack in the "Geology and Paleontology c.
Queensland," chap. xxxv.
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4its referable to the Pliocene division
New Zealand. -DeI
of the geoloica1 record play an important part in the geology
and industrial development of New Zealand.
According to
Sir J. Hector, they belong to a time when the land was much
more extensive than it now is, arid when. in the North Island
volcanic action reached its greatest activity.
Some of the
beds were formed on the sea-floor, and contain in abundance
Rotella zealandica, with Dosinea anus, Struthiolaria Fraseri,

Buccinum maculatum.
From 70 to 90 per cent of the mol
lusca are of still living species.
In the South Island, the
Pliocene strata are to a large extent unfossiliferous 'ravels
such as those of the Canterbury Plains. and the Monteri
Hills, in Nelson, which were derived from the mountainous
interior.
That considerable
terrestrial
disturbance took
place during and subsequent to the deposit of the Pliocene
series is shown by the disturbed and elevated
positions of
the beds in some places.
Here and there the marine strata
have been raised to a height of 300 feet
(near Napier to
more than 2000 feet) above the sea without disturbance of
their horizontal position
but elsewhere they have been
overturned.
'Phe
economic importance of these
completely
arises
from
their
deposits
mainly
yielding the richest sup
of
alluvial
plies
gold.'"

PART V.

POST-TERTIARY

OR

QUATERNARY

This portion of the Geological Record includes the vari
ous superficial deposits in which nearly all the mollusca are
of

still living species.

It is

usually subdivided

into

two

series: (1) an older group of deposits in which
many of the
mammals

are

of

extinct species-to

this group the names

Pleistocene, Post-Pliocene, and Diluvial have been given;
and (2) -a later series

wherein the mammals are all, or
nearly

all, of still living species, to wtüch the names Recent, Allu.
vial, and Human have

been assigned.

These subdivisions,

however, are confessedly very artificial, and it is often ex.
198 Hector, "Handbook of New Zealand,"
p. 26; Hutton, Quart. Journ.
Geol. Soc. 1885, p. 211.
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The

them.

between

not free from objection.

example,

is riot strictly appli.

cable only to the later series of deposits, for it is quite cer
tain that man coexisted with the fauna of the Pleistocene
series.
In Europe and North America a tolerably sharp demar
cation can usually be made between the Pliocene formations
The Crag deposits of the
and those now to be described.
southeast of

England,

as we

have

traces of

seen, show

a

later Pliocene
gradual lowering of the temperature during
times, and

the same fact is indicated by the Pliocene fauna

and flora on the Continent even in the Mediterranean basin.
This change of climate continued

until at last thoroughly

Arctic conditions prevailed, under which the oldest of the
Post-Tertiary or Pleistocene deposits were accumulated

in

northern and central Europe, and in Canada and the north.
em

part of the United States.
It is hardly possible to arrange the Post-Tertiary accu

mulations in a strict chronological order, because we have
no

means of

uity.

deciding, in many cases, their relative

antiq

In the glaciated regions of the northern hemisphere

the various glacial deposits are grouped as the older division
of the series under the name of Pleistocene.

Above them,

lie younger accumulations such as river-alluvia, peat-mosses,
lake-bottoms,

cave-deposits,

and marine terraces,

which,

blown-sand,

raised

lacustri ne

merging insensibly into

of the present day, are termed Recent or Prehistoric.

those
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Section i.
§1.
Under the

Pleistocene or Glacial

General

name

of

the

Characters

Glacial

Period,

remarkable geological episode in the

or

lee Age, a

history of the north

The Crag

ern hemisphere is denoted.'

deposits

1653)

(p.

evidence of a gradual refrigeration of climate at the

afford

close of

the

Tertiary

affected

the

higher

the north of
the

This

ages.
latitudes

change

alike

of

of

the

temperature

Old

and

the

It reached such a height that the whole o

New World.

up
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buried

Europe was

basins

of

the

Baltic

under ice,

and

which,

North Sea,

filling
over

spread

the plains even as far south as close to the site of London,
Silesia and Gallicia to the 50th parallel of latitude.

and in

Beyond the limits reached
climate

was so arctic that

by the

northern

snow-fields

and

ice-sheet,

glaciers

the

spread

even over the comparatively low hills of the Lyonnais and
Beaujolais in the
with

vast

scencied

heart of France.

snow-fields,

into the

on their way.

from

plains,

which

overriding

The Pyrences were in

The Alps were loaded
enormous
ranges

of

glaciers
minor

de.
hills

like manner covered,

while snow-fields and glaciers extended southward for some
I No section of
geological history now possesses a more voluminous litera
ture than the Glacial Period, especially in Britain and North America. For
geucral Information the student may refer to Lyell's "Antiquity of Man,"
J. Geikie's "Great Ice Age," 'Prehistoric Europe," Address to Geological
Section of British Association, 1889, and paper in Trans. Roy. Soc. Edin. xxxvil.
part L 1893, p. 12'T; J. Oroli's "Climate and Time," "Discussions on Climate
and Cosmology"; A. Penek, "Vergietsoherung der Deutschen Alpen," 1882;.
J. Partsch, "Die Gletsehor der Vorzei t in den Karpathen," etc., 1882; A. Falsan
and E. Chantre, "Anciens Glaciers, etc., de Ia partie moyenne du Baasin du
RhOe," 1819, and for detailed descriptions, to the Quart. Journ. Geol. Soc.,
Geol. Mag., Zeitseli. Deutsch. Geol. Ges., J'ahrb. Preuss. Geol. Laudesanst.,
Amer. Journ. Science, Annual Reports U. S. Geol. Sum, Bull. Amer. Geol.
Soc., for the last fifteen or twenty years.
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peninsula.

also, Canada and the eastern States of the American Union
down to about the 39th parallel of north latitude, lay under
the northern ice-sheet.
The effect of the movement of the ice was necessarily to
remove the soils and superficial deposits of the land-surface.
Hence, in the areas of country so affected, the ground hav
ing

been scraped and smoothed,

laid down

the glacial accumulations

upon it usually rest abruptly, and

without any

Considerable local differences

connection, on older rocks.

may be observed in the nature and succession of the differ
ent deposits of the glacial period,
district to district.

It is hardly

as they are traced from

possible

to determine,

in

some cases, whether certain portions of the series are coeval,
or belong to different epochs.
facts have been
crease

of

Greenland

the

established.

cold,

But

the

following

leading

First, there was a gradual in

until the

conditions of

modern

North

extended as far south as Middlesex, Wales, the

southwest of Ireland, and 50° N. lat. in central Europe, and
about 39° N. lat. in eastern America.

This was the culmi

nation of the Ice Age-the fist or chief period of glaciation.
Then

followed

an

interval

or

interglacial

period,

which the climate seems to have become much milder.

during
This

interlude was succeeded
by another cold period, marked by
a renewed augmentation of the snow-fields and
glaciers-a
second period of glaciation.
It has been maintained by some observers that as
many
as four or five distinct epochs of cold are included within the
geological interval represented. by the

Pleistocene deposits.

Other writers contend for the essential unity of the
glacial
period.

The truth will probably be found to lie somewhere

between the extreme views.

There seems to be demonstra-
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at least one interglacial

period.

There may have been more than one advance of the north
ern ice into
climate, of
such

temperate

latitudes.

The

which there is clear proof,

prolonged

their former habitats.2

of

milder

must have been

duration that southern

animal life were enabled to spread

interval

of

types of plant and

northward and resume

Eventually, however, and no doubt

very gradually, after intervals of increase and diminution,
the ice finally retired toward the north, and with it went the
Arctic flora and fauna that had peopled the plains of Europe,
Canada,

and

New England.

The existing snow-fields and

glaciers of the Pyrenees, Switzerland, and Norway are rem
nants of the great ice- sheets of the glacial period, while the
Arctic plants that people the mountains, and survive in scat
tered colonies on the lower grounds, are relics of the north
ern vegetation that covered
The

general

Europe from Norway to Spain.

succession

of

events

has

been

the

same

throughout all the European region north of the Alps, like
wise

in

Canada

though of

Labrador,

course with

and

the

northeastern

local modifications.

States,

The following

summary embodies the main facts in the history of the Ice
Age.

Some

local

details

are

given in

subsequent

Land-surf aces. -Here

Pre-glacial

pages.

and

there,

fragments of the land over which the ice-sheets of the gla.
cial period settled
abrasion of

have escaped

the general extensive ice

that ancient terrestrial surface, and have even

retained relics of the forest growth that covered them.
of the best-known deposits in which
preserved is the

One

these relics have been

so-called "Forest Bed" (p. 1660).

Above

2 Those who wish to enter into this deMted
subject will find ft discussed
from opposite sides in some recent papers by T. 0. Chamberlin and 0. F. Wright
in the Amer. Journ. ScL (1892, 1893), with. references to other authorilies.
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as already described (p.

that deposit,

there is seen,

1661),

here and there, on the Norfolk coast, a local or intermittent
bed of clay containing remains of Arctic plants (Salix po
laris, Betula nana, etc.,
marmot-like rodent

and

specimens, but

ter

cannot

they

a portion

they probably represent

the Arctic flora which had

of

These relics of a

Spermophilus.

restrial vegetation are drifted
have travelled far,

together with the little

Fig. 454),

already found its way into

the middle of England before the advent of the ice-sheet.
Judging from the present distribution of the same plants,
we may infer that the climate had become about 200

colder

than it was during the time represented by the Forest-bed
-a

difference

as

great

as

that

between

Norfolk

and

the

of

the

North Cape at the present day.'
The

Northern

Ice-sheet.--At

the

base

glacial deposits, the solid rocks over the whole of northern
and

Europe

America

flowing outlines
ice (p.

whence

quarter

the

characteristic

produced by the grinding

The

720).

present

rock-surfaces

the

ice

weatherworu (Leeseite),

that

moved

while

look

are

those

rection (Stoss-seite) are all ice-worn.

action of land.
away

usually

that

smoothed

face

from

and.

rough
in

the

that

di

Even on a small boss

of rock or along the side of a hill, it is commonly not dif
ficult to tell

which way the ice

which point the sLrie run

and

exposed, the peculiar ice-worn

flowed,

by noting

the rough faces look.

hold

with

Long

surface is apt to be effaced

by the disintegrating action of the weather,
tains its

toward

extraordinary

though

pertinacity.

it

Along

re
the

fjords of Norway and the sea-lochs of the west of Scotland,
it may

be seen slipping into the water,

smooth, bare, pol.

C. Reid, Horizontal Section, No. 127 of Geol. Survey, and "Geology of the
Country around Cromer" (sheet 68 E), in Memoirs of Geol. Survey, 1882.
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ished and grooved, as if the ice had only recently retreated.
Inland, where a protecting cover of clay or other
superficial
deposit has been newly removed, the peculiar ice-worn sur
face

may

be

as

fresh

as

that

evidence

of

these

by

the

side

of

a

modern

glacier.
From

the

striated

rock-surfaces and

the scattered blocks of rock that were
transported to vari
ous

distances,

it

has

been

ascertained

that

the

whole

of

northern Europe was buried under one continuous mantle
of ice.

The southern edge of the ice-sheet must have lain

to the south of Ireland, whence it.passed along the line of

11

CL.

1)

C

Fig. 454.-Arctic Plants found in Glacial Deposits.
a, Salix polaris, Wahlenb. (s); b, Botuk nana, Linn.; c, Leaf of same showing
the size to which it grows in more southern countries.
the Bristol Channel,
land,

keeping

to

the

and. thence across the
north of

the valley

south of
of the

Eng

Thames.

The whole of the North Sea was filled with ice down

to a

line which ran somewhere between the coast of Essex and.
the present mouths of the Rhine, eastward along the base
of the Westpbaliau. hills,
ontory of

the

llarz,

and round the projecting

whence it swung to the

base

prom
of

the

Thuringerwald and struck eastward across Saxony, keeping
to

the north

of

the Erz,

Riesen

and

Sudeten

mountains;

thence across Silesia, Poland and Gallicia by way of Lem-
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Russia by Kieff and Nijni
berg, and circling round through
head of the Dvina to the Arctic
Novgorod northward by the
The total area of Europe thus buried under ice has
Ocean.
been computed to have been not less than 770,000 square
miles.
the prevalent moisture'
Owing mainly to the direction of
toward the west
bearing winds, the snowfall was greatest
and northwest, and in that direction the ice-sheet attained
Over Scandinavia, which was prob

its greatest thickness.

it was per

ably entirely buried beneath the icy covering,
feet thick.
haps between 6000 and 7000

Thence the sheet
But

in thickness.
spread southward, gradually diminishing
left by

from the strife

it on the

it is

llarz,

computed

to

have been at least 1470 feet thick where it abutted on that
The Scandinavian ice joined that which spread over

ridge.
Britain,
great.

where the

mountains in

Many

marks

of

the

dimensions of

ice-sheet

the

the

Scottish

heights of

at

sheet

were likewise
show

Highlands
feet

3000

and

more.

If to this depth we add that of the deep lakes and fjords
which were filled with ice, we see that the sheet could not
have been

less

than

5000 feet thick in the northern parts

of Britain.
This

vast

ice-sheets

of

the

draining

slowly

have

day,

present
downward

west, its edge reached
must

like

icy covering,

advanced

to

the sea,
some

the Arctic
was
lower

distance

the

south

and

east

it

levels.

along

floated

ended

Antarctic

continual

off

motion,

Toward

the

now,

and

as in Greenland

until it broke off into bergs that
Toward

in

and

the

sea-floor

away northward.
upon

land,

and

no doubt discharged copious streams of glacier-water over
the ground in
edge of the

its 'front.

In

North

America

the

southern

ice-sheet is sometimes marked by a "terminal
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from Pennsylvania to

displayed

Dakota.
The

directions

of

movement

of

the

followed by the evidence (1st) of stria
over which the ice passed,

and (2d)

("erratic blocks") which can be

ice-sheets can be

graven on the rocks
of

transported stones

traced back to their origi

nal sources.
In

the

great

the

table-land

Europe

drainage

was

by the rock-stria

centre
of

in Sweden

off that area northward and

southwestward

southward,
mark and

into

southwestward

for the ice

dispersion

Scandinavia.

and

Norway,

As

the ice moved

the
and

westward- into the Atlantic
basin

of

the

southeastward

North

Sea;

across Den

the low plains of Holland, Germany and Russia,

and the basins of the Baltic, Gulf of Bothnia, and
Finland.

shown

northeastward across northern

Finland into the Arctic Ocean;
Ocean,

of

Gall of

The evidence of the transported stones coincides

with that of the striation, and is often available when the
latter is absent.
United with

the Scandinavian ice, but having an inde

pendent system of drainage, was the ice-sheet that covered
nearly the whole of Britain.

The rock-strife show that while

it probably buried the country even over its highest moun
tain-tops, it moved outward
ground.

Thus,

from

from the Scottish

each chief mass
Highlands,

of

high

which

were

the main gathering ground, it drained northward to join the
Norwegian ice, and move with it in a northwesterly direc
tion across the Orkney and Shetland Islands.

Westward it

descended into the Atlantic; eastward into the basin of the
North Sea, to merge there also into the Scandinavian sheet
and that which streamed off from
south

of

Scotland,

and

the high grounds

to move as one vast

of the

ice-field in a
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south-SOU,thWCS't direction across

and east of

northeast

England.

Southward it flowed into the basin of the Clyde

southwest

of

from the
and the Irish Sea, to unite with the streams moving
and.

Scotland

the

England and

northwest of

The centre of Ireland appears also to have been an

Wales

area from which the ice moved outward, passing into the At
lantic on the one side and joining the British

ice-fields on

the other.
It is when we follow the direction of the ice-strive, and
we can best

see how they cross important hill ranges, that
realize

massiveness of

the

movement.

As

it slid off

the

ice-sheet and

the Scottish

its

resistless

Highlands, for in

stance, it went across the broad plains of Perthshire, filling
them up to a depth of at least 2000 feet, and passing across
the range of the Ochil

Hills, which at a distance of twelve

miles runs parallel with the Highlands, and reaches a height
of 2352 feet.

Mountains of 3000 feet and

more, with lakes

at their feet, 600 feet deep, have been well ice-worn from top
to

bottom.

lower

It

slopes

has

of a

been observed that the strho along the
hill-barrier run

trend of the ground

either

parallel with

the

or slant up obliquely, while those on

the summits may cross the ridge at right angles to its, course,
showing a differential movement in the great ice-sheet, the
lower parts, as

in a

river,

becoming

embayed,

and

being

forced to move in. a direction sometimes even at a right angle
to that of the general advance.

On the lower grounds, also,

the stri, converging from different sides, unite at last in one
general trend as the various ice-sheets must have done when
they descended from the high grounds on either side and
coalesced into one common mass.
great central valley of Scotland.
deflection

of

the

strIe

in

This is well seen in the
Still more marked is the

the basin

of

the

Moray

Firth.
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Northward they are deflected in a NN.W. direction across
Caithness and the Orkney Islands, pointing to the influence
of

the

ice-sheet.

Scandinavian

On

the south side of

the

basin, they run E. by S., and at last S.E., on the northeast
of Aberdeenshire, showing that the ice there turned south
ward into the North Sea, until it met the N.E. stream from
Kincardineshire and the valleys of the Dee and Don, with
which

and with the ice from

Scandinavia it turned

ward into the basin of the North Sea.

south

The great mass of ice

which crept down the basin of the Firth of Clyde was joined
by that which

descended from

the uplands of Carrick and.

Galloway, and the united stream filled up the Irish Sea and
passed over

the

north of

Ireland.

At

that

and the northwest of France were probably

time

England

united, so that

any portion of the North Sea basin not invaded by land-ice
would form a

lake,

with its outlet by the hollow through

which the Strait of Dover has since been opened.
When this glaciation took place th
the

northern

hemisphere had acquired the main configura

tion which it presents to-day.
lines

of

served

valley
then

terrestrial surface of

which

to direct

The snow-sheds o

now

The same ranges of hills and
serve

to

carry, off the

the results of the snowfall

rainfall
seaward.

the ice Age probably corresponded essen

tially with the water-sheds of the present day.

Yet there is

evidence that the coincidence between them was not
always
exact.
In some cases the snow and ice accumulated to so
much greater

a

depth on one side of

a ridge than on the

other that the flow actually passed across the
ridge, and. de
tritus was carried out of one basin into another.

A remark

able instance of this kind has been observed in the north of
Scotland,

where so

thick was the

ice-sheet that fragments

of rock from the centre of Sutherland have been carried
up
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westward across the main water-parting of the country and
have been dropped on the western side.'
In North America also abundant evidence is afforded of
a northern ice-sheet which overrode Canada and the Eastern
States southward to about the 39th parallel of latitude in the
valley of

the

Some

Missouri.

details

the area

regarding

which it covered and. the traces it has left oi its presence are
given at p. 1723.
Beyond the limits of the northern ice-sheet, the European
continent nourished snow-fields

and glaciers

wherever

the

ground was high enough and the snowfall heavy enough to
furnish them.

As already

moisture during the Ice

mentioned, the precipitation of

Age,

as at present,

was

toward the west, and consequently in the western
independent
and

snow-fields

extensive.

Even

and

at

glaciers were most

the present time,

greatest

tracts

the

numerous

the glaciers

of

the western part of the Alpine chain are larger than those
further east.

At the time of the northern ice-sheet a similar

local difference existed.
ciers

of

these

mountains,

The present snow-fields and gla
large

though

they

are,

form no

more than the mere shrunken remnants of the great mantle
of snow and ice which then overspread

Switzerland.

In the

Bernese Oberland, for example, the valleys were filled to the
brim with ice, which, moving northward, crossed the great
plain, and. actually overrode a part of the Jura Mountains;
for huge fragments of granite and other rocks from the cen
tral chain of

the Alps are found high on the slopes of that

range of heights.

The Rhone glacier swept westward across

all the intervening ridges and valleys, and left its moraine
heaps in the valley of the Rhone where Lyons now stands.
Peach aud Home, Brit. Assoc. 1892, p. i2O.
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same time the high grounds of the Lyonnais., Beaujo.

This, and Auvergne (lat. 45° S.) had their glaciers.

Others

flourished on the Iberian table-land, at least as far south as
the basin of the Douro (lat. 41°).
ing latitudes
The Vosges
behind

glacier relics

Eastward in correspond.

become scantier and disappear.

possessed a group of glaciers which have left

them

some beautifully perfect

moraines.

Less ex

tensive were those of the Black Forest,
Sudetengebirge, and.
Carpathians.

No

trace of glaciation

has

the Balkans.

A similar relation between

been detected

in

snowfall and gla.

ciation

is

eastern

area which supported the massive ice-sheets, while

traceable

in North America, but

there

it is

th

the western plateaus and
mountain-ranges, which were prob
ably

then,

as

now,

comparatively

arid,

had

only

valley.

glaciers.
That the ice in its march across
the

the land striated even

hardest rocks by means of the sand

and. stones which it

pressed against them, is a proof that, to some extent at least,
the terrestrial surface must
and lowered in level,
in

other

words,

denudation
Europe is
problem

how

have been at this time abraded

flow far this erosion
much of

the

undoubtedly enormous

everywhere visible over the

glaciated

attributable to the actual work of

which may never be. even

proceeded, or,

parts

of

land-ice, is a

approximately

solved.

There seems good ground for the belief that a thick cover of
rotted rock-the result of
ages of previous subaerial waste
lay over the surface, and that the "glacial

deposits" consist

n great measure of this material, moved and reassorted
by
ice and water
597, 724).
The land, as above remarked,
had the same general features of mountain,
valley and plain
as it has now, even before the ice settled down
But
upon it.
the prominences reached
by the ice were rounded off and.
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smoothed over, the pro-glacial soils and covering of weath
ered rock were in large measure ground up and pushed away,
the

valleys

were

deepened

correspondingly

and

widened,

It is ob
and the plains were strewn with ice-borne debris.
vious that the influence of the moving ice-sheets has been
far from uniform upon the rocks exposed. to it, this variation
arising from the differences in powers of

resistance of the

rocks on the one hand, and in the mass, slope and. grinding
Over the lowlands,

power of the ice on the other.
central Scotland
are

rocks
dbris.

for

and

the

But in

much of the north German plain, the

most

part

concealed

under

deep glacial

the more undulating hilly ground, particu

larly in the north and.

northwest, the ice

most extraordinary abrasion.
to describe adequately in
tense glaciation.

as in

has

effected the

It is hardly possible, indeed,

words

these

regions of most in

The old gneiss of Norway and Sutherland

shire, for example, has been so eroded, smoothed, and pol
ished, that it stands up in endless rounded hummocks, many
of them still smoothed and curved like dolphins' backs, with
little

pools,

tarns,

and.

lakes

larger

lying between

them.

Seen from a height the ground appears like a billowy sea of
cold gray stone.

The lakes, each lying in a hollow of ero

sion, seem scattered broadcast over the landscape.

So en

during is the rock, that, even after the lapse of so long an
interval, it retains its ice-worn aspect almost as unimpaired
as if the work of the glacier had been done only a few gen
erations since.'
basin

lakes

of

The abundant smoothed and. striated rock
the

northern

of

parts

Europe

and

North

America are a striking evidence of ice-action (p. 723,
Book VII.

"Watersheds").

The

and

phenomenon of "giants'

Some of these roches moutonn6es may be of Pa1eozoic age (Nature,
August, 1880).
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kettles," characteristic of glaciated rock-surfaces in Sweden,
Silesia, and. Switzerland (p. 722), is another mark of the same
process of erosion.
I c e-c r a in p 1 e d
surface

of

here and

the

there

Rb c k s.-.-Not

land

been

more

abraded

yielding

only
the

by

has

general

ice-sheets,

of the

portions

the

rocks

but
have

been broken off or bent back, or corrugated by the pressure
of

the

advancing ice.
have

length

been

Huge blocks 300 yards or more in

bodily

on glacial detritus.

displaced

and

launched forward

Such are some of the enormous masses

of chalk displaced and imbedded in the drift of the Croiner
cliffs,

and

found

in

the

transported sheets of
°
The lainin
Leicestershire..

are observed to be pushed
tion of
detribii.s

ice-movement.
which

was

Lincolnshire
of

shales

Oolite

or slates

over or crumpled iii the diree.

Occasionally tongues of the glacial

simultaneously

being

pressed

forward

under the ice have been intruded into cracks in the strata,
so as to resemble veins of eruptive rock.'
Detritus

of

the

Icesheet-Bowlder-clay-

T i 11.-Underneath the great ice-sheet, anti probably partly
incorporated in the
mulated

a

mass

of

lower portions of the ice,' there accu
earthy,

sandy,

and stony matter (till,

bowl der-clay, "grunc1niorine," "moraine-profonde," "older
diluviurn") which, pushed along and ground
material wherewith

the

up,

was

the

characteristic flowing outlines and

Mr. Fox Strangways has noticed one such sheet near Melton which measures at least 300 yards in length by 100 in breadth, but may extend beneath
the bow ider-elay to a greater distance.
Report of Geological Survey of the
United Kingdom, Science and Art Report for 1892, p. 249.
Ott the disruption of the Chalk below the Till of Cromer see 0. Reid on
Geology of Cromer, Mem. Geol. Bury, 1882. For analogous phenomena at
Moons KlinL, off the coast of Denmark, see Johastrup, Zeit. Deutsch. Geol.
GeS. XXVI. 1814, p. 533.
Compare also H. Credner, op. cit. xxxii. 1880, p. 75.
F. Wahnschaffe, op. cit. xxxiv. 1882, P. 682.
8 Bruckner, .Penck's
Geographisehe AbhandL Band 1. Heft 1.

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1692

TEXT-BOOK

OF

GEOLOGY

were produced.'

smoothed striated surfaces

This "glacial

drift" spreads over the low grounds that were buried under
the northern ice-sheet, resting usually on surfaces of rock
have

ice.

It is not spread out, however, as a uniform sheet, but

varies

been

worn

greatly in

smooth,

or

that

disrupted,

thickness and

in

crumpled.

irregularity of

by

surface.

Especially round the mountainous centres of dispersion, it
is apt

to

occur in

long

ridges ("drums,"

or "drumlins"),

which run in the general direction of the rock-striation, that
is, in. the path of the ice-movement.

It may be traced up

many valleys into the mountains, underlying the moraines
of

the later glaciation.

moved

by the younger

tries the
be

may

which
sive

In other

separated

lie

into

In most

glaciers.

bowider-clay is

not one

two

or

valleys,

it

has

re

glaciated coun

continuous

more

been

deposit,

distinct

but

formations,

one on the other, and mark distinct and succes

periods of time.

In

those

areas

dispersion for
of the

the

which served
ice-sheet,

as independent centres of

bowider-clay partakes largely

local character of the rocks of each. district where it

occurs.

Thus in Scotland, the clay varies in color and com

position

as

it is traced from district to district.

Carboniferous

rocks it

is

dark,

over

the

Old

Over the
Red

Sand.

stones it is red, over the Silurian rocks it is fawn-colored.
The

material of the deposit is
generally an

clay, which in

the

earthy or stony

lower parts is often exceedingly compact

As already suggested, the materials of the till may have consisted largely
of a layer of decomposed rock due to prolonged pre-glacial disintegration
It is difficult to explain by any known glacial operation the
(pp. 597, 724.
accumulation of such deep masses of detritus below a sheet of moving laud-ice.
Another problem is presented by the occasiond and sometimes extensive preser
vation of undisturbed loose pre-glacial deposits under the till.
The way in
which the "Forest-bed" group has escaped for so wide a space under the
Cromer cliffs, with their proofs of enormous ice movement, is a remarkable
example.
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The higher portions are frequently loose in

texture, but alternations of hard tough clay and more friable
material may be met with in the same deposit.
bowider-clay is unstratified,
and

tumultuously

bedding
cases,

heaped

not

may

its materials being irregularly

the

But

together.

infrequently be

especially in

In general,

rude

traces

detected, while in

higher clays,

of

some

distinct stratification

may be observed.
The

great

majority

of local origin,
rocks,

but

not

from

of

the

stones

always from

points

within

a

in

bowlderelay

are

the immediately adjacent
distance

of

a

few miles.

Evidence of transport can be gathered from the stones, for
they are found in almost every case to include a proportion
of fragments which have come from a distance.
The direc
tion

of

stones

transport

indicated

with

agrees

the

by the

traces

of

percentage of
ice-movement

travelled
as

shown

by the rock-strie.
the Firth

of

Thus, in the lower part of the
valley of
Forth, while most of the
fragments are from

the surrounding
have come

Carboniferous rocks, from 5 to 2

eastward

per cent

from 'the 01(1 Red Sandstone
range of

the Ochil Hills-a distance of 25

or 30 miles-while 2 to 5

per cent are pieces of the Highland rocks, which must have
come from

high grounds at least 50 miles to the northwest.

The further the stones in the till have travelled, the smaller
they usually are.
seems

As

each

main mass

of elevated
ground

to have caused the ice to move outward from it for

a certain distance, until the stream coalesced with that
de
scending

from

some

other

bowlder-clay, as it was
up

local

dbris

by

more

and

becoming
the

stones

from

the

height,

bottom-moraine

or

pushed along, would doubtless take

the

way, the

more

remoter

detritus

of

ground up and
regions

only a

each

district

mixed, until of

few

harder

frag.
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merits would be left.
the

interrupted
ground

was

In cases where no prominent ridges
of

march

low

and

far from

the

and

ice-sheets,

covered

blocks of hard crystalline
ognizable

GEOLOGY

soft

with

where

loose

the

deposits,

rooks might continue to be rec

their source.

Thus

in

the

stony clay

and gravel of the plains of northern Germany and Holland,
besides

the

abundant

occur which have

had

Some of the rocks of
Baltic

an

south

of

fragments

northern

origin.

Scandinavia, Finland, and the Upper
kind that they can be recog

The peculiar syenite of

Norway,

drift of Denmark;

detritus,

unquestionably

are of so distinctive a

nized in small pieces.
the

locally-derived

has

been

found

it occurs also in

Laurwig, in

abundantly in

that of

the

Hamburg, and

has been detected even in the
bowider-clay of the Holder
ness cliffs in Yorkshire.

The well-known

of southern
Norway has
and in Holderness.
Gothiand, or

from

likewise been recognized at Crorner

Fragments of
the

rhombenporphyr

the

Silurian rocks from

Russian islands Dago or Oesel, are

scattered abundantly
through the drift of the North German
plain, and

have been met with as far as the

north of Hol

land.

Pieces of granite, gneiss, various schists,
porphyries,
and other rocks,
probably from the north of Europe., occur
in the till of Norfolk."
These transported fragments are an
impressive
No

testimony to the

Scandinavian blocks

for the Scottish ice
the

basin

of

was

movements of the northern ice.

have been met with in Scotland,
massive enough

to move out into

the North Sea, until it met the

northern ice-

These erratics, from their petrograpbical characters, appear to me to be
Had that beon their source they could not have
certainly not from Scotland.
failed to be accompanied by abundant fragments of the rocks of the south of
Scotlaud, which are continuously absent.
See V. Madsen, Quart. Jouru. Geol.
Soc. xlix. 1893, p. 114.
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from Scandinavia, which was thereby

kept from reaching the more northerly parts of England.
The

stones

in

and surface.

bowider-clay have

They are

flat sides or "soles,"
their edges worn
a

fine-grained

characteristic

usually oblong,

are smoothed

enduring

rock,

form

have one or more

or polished,

round (Fig. 160).

striated, the stria

a

and have

Where they consist of
are

they

almost

invariably

running on the whole with the long axis

of the stone, though one set of scratches

may be seen cross

ing arid partially effacing another, which would necessarily
happen as the stones shifted their position under the ice.
These markings are precisely similar to those on
rocks
been

underneath
produced

in

the

bowider-clay,

and

have

the solid

manifestly

the same way by the mutual friction of

rocks, stones, and grains of sand. as the whole mass of debris
was being steadily pushed on in one
general direction.
As

above remarked,
bowider-clay is not always one con
tinuous deposit.
On the
contrary, when a sufficiently large
extent of it is examined, evidence can
commonly be found
of two distinct divisions, sometimes even of more than two.
These are separable from each other
by differences of color,
composition,

and

texture.

An

attentive

shows that they have been formed

study

of

them

successively under ice

sheets moving often from different directions and
transport
Their limits of distribution also
ing different materials.
vary,

the

lower and.

older

south and spreading over a
I n t e r g I a c i a 1
cter-clay
when
and

in

the

Britain
ice,

allowed

extending

further

wider area than the
upper.

B e d s.-That the
deposition of bowl
was

partially

trees

subdivisions

and

heights of 800 or 900

interrupted
at

least,

other

by

milder

retreated

vegetation

from
to

intervals,
the

grow

land

up

to

feet above the sea, was first
proved
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Hall, Lanarkshire."
During the
by observations at Chapel
intervened since these observations
thirty years which have
were published, a large amount of additional information on
this subject has been collected in the British Islands, on
The
the continent of Europe, and in North America.
known to be split up with in
bowider-clays are now well
constant and local stratifications of sand, gravel and clay,
often

well

stratified,

from those under which
lated.

conditions

to

pointing

ordinary bowider-clay was accumu

These intercalations have been recognized as bearing

witness to intervals when the ice retired
and

when

water-action

ordinary

ground-moraine

thus

ever,

arisen

as

these

intervals.

signed

distinct

quite

has
to

calations in

the

than seasonal

and the Alps.

sion that

the

Much

some

over

controversy,

chronological
To

play

value

geologists

to

how

be

the

the

as

inter

bowider-clay appear to indicate little more
as

now

affect the

glaciers

of Scandinavia

To others, again, they furnish proof of suc

cessive interglacial

the whole

to

into

came

variations in the limits and thickness of the

ice-sheets, such

broken up.

exposed.

from some districts

Thus

periods by which the long ice Age was
Pi'of.

James

Geikie, recently

reviewing

evidence on the subject, has come to the conclu
there

were

really five glacial

intervals embraced

within what is called the Glacial Period, separated from each
other by four interglacial periods of mild temperature.
Much difficulty, in forming definite conclusions as to the
importance of these obvious
of the

bowider-clay arises

interruptions in the deposition

from the absence of

continuous

sections wherein the order of succession of the several stages

J A. G., Trans. Geol. Soc. Glasgow, vol. 1. part. ii. 1863.
12 Trans.
Roy. Soc. Edin. xxxvii. part L 1893, p. 146.
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of the glacial history can be demonstrated
by visible rela
tions of superposition.
correlated

with

A section at one
locality has to be

another

at

a greater

or

less distance, and

assumptions have to be made as to the identity or difference
of the various deposits.

The evidence of fossils can hardly

be said to be available, for it is so
fragmentary as to give
little aid in determining the
chronology of the deposits in
which it occurs.
The existence of two distinct
deposits of
with

an

intervening

peat-beds,
vances

may

and

be

group

taken to

retreats

of

of

marks

the

bowlder-clay

the ice-sheets, with

tained

greatest

shows

gravels,

them.

extent

that though

huge dimensions and

clays,

and

afford good proof of two ad

non-glacial conditions between
clay

sands,

bowider-clay,

of

interval

of

The oldest bowider
the

the

formed

an

ice

ice.
on

The

upper

returning

at

continuous ice-sheets

over much of northern Europe, it did not descend as far as
at first.

Yet

cold

be

can

while

these

satisfactorily

two

main

epochs

established

there

of

maximum

appears

to

be

no reason to doubt that each of them
may have had fluctua
tions

in

may

have

treated

or in snowfall, so that the ice-sheets

temperature
alternately

or

over considerable

intermittently

advanced

tracts of country.

and. re

The ground

moraine, when thus laid bare, may have been reassorted
by
water, so that, as the ice once more moved forward, it here
and there

pushed its detritus over the

the milder interval.
lower

and

upper

aqueous deposits of

But the marked contrast between the

bowider-clay in

composition

and.

extent

shows that the interval which
separated them was probably
of prolonged duration.
We have here evidence of at least
one important
The occurrence of such
interglacial period.
interludes of more genial climate is what
might be expected
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the astronomical theory of the cause of
The

the Ice Age, which has been already discussed (p. 51).

passage of an interglacial period

record the
deposits which

consist of layers of sand and gravel,
area

of

central

also

deposits

England,

alluvial

the

two

To this age also

terraces which

have

wide

bowlder-clays,

clay and beds of peat found

of

a similar position.
older

separate

such as, over a

elsewhere in

have been assigned the
been

preserved

chiefly

and from which
beyond the limits of the second glaciation,

Fig. .155.-Mammoth (Eleph as prim igenius).
From the Skeleton in the Musee Royal, Brussels (much reduced).
a

considerable

stone

number of

implements of

rnarnrna1in

human

remains

workmanship

have

as

well as

been dis

interred.
During interglacial conditions the climate in the northern
hemisphere was probably much
at present, with a
intervals a greater
general aspect
glacial

of

deposits in

higher

more equable and mild than

mean

precipitation
the

flora

and.

temperature, and at certain
of

moisture."'

fauna

From

preserved in

tho

inter

Britain it may perhaps be inferred, that

13 J. Croll, Phil.
Mag. 1885, p. 36.
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than

now.

Mr.

Reid

sug:

gests that the scarcity of thoroughly aquatic mollusks and.
of fish indicates that during some stages, at least, the climate
was dry rather than moist.

As

conditions

meteorological

a result

of more favorable

flourished

vegetation

north where it can now hardly exist.

The

even

frozen

far

tundras

of Siberia appear then to have supported forests which have
long

since

trees

living
of

a

plied

been

more

lying
equable

the

by

different

extirpated,
far

to

and.

of

the

milder

plant-remains

parts

the

northern

present

southward.
climate

found

in

are

Indications
likewise

Pleistocene

Europe, where species

limit of

sup

tufas

of

now restricted to

more southern countries were then able to flourish together
with those which are still native there."
The fauna of

the northern parts of our hemisphere was

then an extraordinary one.

It was marked more especially

by the presence of the last of the huge

pachyderms, which

had for so many ages been the lords of the European forests
The hairy mammoth and woolly rhinoceros

and pastures.
roamed

over

the

plains of Siberia and across most, if not

the whole, of Europe.

These animals were probably driven

southward by the increasing cold, and they appear to have
survived

some

of

the advances

of

the

ice, returning

into

their former haunts when. a less wintry climate allowed the
vegetation on which they browsed once more to overspread
the land."

Some of the mammals now restricted to the far

14 Nathorst,
Engler's Botauische Jahrb. 1881, p. 431; 0. Schr&er, "Die
Flora der Eisaeit," Zurich, 1883.
15 The mammoth lived in the
neighborhood of the extinct volcanoes of cen
tral Italy, which were then in full activity. From discoveries in Finland, it has
been inferred that the exlinction of this animal may not have been much before
historical times.
A. 3. Malmgren, Oefv. Finsk. Vet. Soc. Forh. xvii. p. 139.
Consult Boyd Dawkins on the range of the mammoth in space and time; Q. J
Geol. Soc. xxxv. 18?9, p. 138; and Howorth, Geol. Mag. 1880; "The Main.
moth and the Flood" and "The Glacial Nightmare."
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their way into countries from

they have long disappeared..

The reindeer migrated south

ward into Switzerland," the glutton into Auvergne, while
the musk-sheep and Arctic fox travelled certainly a far as
the Pyrenees.
As the climate became less chilly, animals
of

a more

cupine.,

southern

leopard,

type

advanced into

African

lynx,

hyenas, African elephant,, and

lion,

the por

Europe:

striped

and

hippopotamus.

spotted

With each

Fig. 456.-Back View of Skull of Musk-sheep (Oviboa
moschci tue, ), brick-earth, Crayl'ord, Kent.
oscillation of climate

there would be a corresponding immi

gration and emigration of northern and southern types'.
Evidences of
ataiued its greatest

Submergence.-After the ice had
development,

some portions

of

north

western Europe, which had perhaps stood at a higher level
above the sea than they have done since, began to subside.
The ice-fields were carried down below the sea-le'el, where
they broke

up

and cumbered

The heaps of loose dbris

the sea with floating bergs.

which

had

gathered

under

the

ice, being now exposed to waves,
ground"swell, and marine
currents, were thereby more or less washed down and reas.
sorted.

Coast-ice, no doubt, still formed

along the shores,

and was broken up into moving floes, as hppens every year
now in northern Greenland.

The proofs of this
phase of tho

16 On the distribution of the reindeer at
present and in older time, see
C. Struckmanti, Zeitsch. Deutseli. Geol. Gee. xxxii. 1880, p.' 28..
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contained

in

shell-bearing

clays which overlie the coarse older

sands,

till, and

to some extent, furnished by erratic blocks."

difficult to determine the extent of the submergence,
when the

land.

rose, the

more

elevated

portions con

tinued to be seats of glaciers, which, moving over the sure
face, destroyed the deposits that would otherwise

have re

mained as witnesses of the presence of the sea, while at the
same time the great bodies of water discharged from the re
treating

glaciers and snow-fields

must have

done much to

reassort the detritus on the surface of the land.

From the

evidence of marine shells, southern Scandinavia is believed
to

have

sunk

about

600

feet below its

present level.

In

Britain the submergence was probably not less than 500 feet.
If indeed we take the beds of marine shells which have been
found
actual

in North Wales, Cheshire, and
sea-bottoms,

elsewhere as marking

the depression which

indicate must have been at least 1350 feet.

they

would

then

But these shelly

deposits are probably not conclusive proofs of submergence."
That ice continued to float about in these waters is shown
by the striated stones contained in the fine clays, and by the
remarkably contorted structure which these clays occasion
ally display.
upon

perfectly

Sections may be seen (as at Cromer) where,
undisturbed

horizontal

strata

of

clay

and

17 For an account of the
dispersion of the "erratics" of England and Wales,
see Mackintosh, Q. J. Geol. Soc. xxxv. 1879, P. 425; and Reports of the Com
mhtoe appointed to investigate this subject by the British Association, 1872
et seq.
For those of Scotland much information has been gathered by the Bowl
clor Committee of the Royal Society of Edinburgh; Proc. Roy. Soc. Edin. 1872-84.
Erratic blocks have probt.bly in the vast majority of cases been dispersed by
land-ice and not by floating ice.
Is Mere
fragments of marine shells in a glacial deposit need not prove sub
under
the sea; for they may have been pushed up from the sea-floor
nergerice
ice,
as
in the case of the shelly till of the west of Scotland, Caith
by moving
ness, Hokierness and Cromer.
How far this may have been the origin of the
slielly deposits found at high levels in Britain is still a disputed question.
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have been

strata

violently

while horizontal beds lie directly upon them.

crumpled,

These contor

tions may have been produced by the horizontal pressure of
some heavy body moving upon the originally flat beds, such
as ice in the form of an ice-sheet or of large stranding masses
driven

aground in

the fjords or shallow waters where

the

of ice,
clays accumulated; or possibly, in some cases, sheets
laden with stones and earth, sank and were covered up with
sand and clay, which, on the subsequent melting of the ice,
Another indication of the pres

would subside irregularly.

ence of floating ice is furnished by large scattered bowiders,
sands and

lying on the stratified

gravels.

these

Though

blocks probably belong as a rule to the time of the chief
glaciation, they may in some cases have been shifted about
by floating ice during the submergence.
Second

Glaciation-Re-elevation-Raised

Beaches.-When

the

land

re-emerged

from

its

sion, the temperature all over central and northern
was

again

severe.

The

northern

ice-sheet

depres
Europe

once more ad

vanced southward, but did not again attain nearly the same
dimensions.

From the direction of the strive, it would ap

pear sometimes to have moved differently from its previous
course, occasionally even at right angles to it.
of the

Baltic,

for example,

stream appears to have

the later

In the basin

direction

of the

ice.

been southwestward and westward.

Besides the evidence of this direction furnished by striated
rock-surfaces, abundant fragments of the fossiliferous
Sun-ran
rocks of Gothland are strewn over the Germanic plain
even

as far as

Holland.

There seems

no reason to doubt

that during this second advance of the ice the Scottish and.
Scandinavian ice-sheets were again united over what is now
the floor of the North Sea.

It was then that the upper bowl.
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as

the

lower grounds, but

before.

Their

limits

are

marked by an inner group of moraines.
From its second maximum the ice-sheet gradually shrank
backward,

though probably not without occasional

and even advances.
it

lost

the

As it retreated from the lower grounds
of

aspect

a

continuous ice-sheet,

reached the bases of the
into

valley-glaciers

high ground.

pauses

and

when it

mountains it eventually separated

radiating

from each

principal

mass of

In this condition also there was probably a

long period of oscillation, the glaciers alternately descending
and shrinking backward with variations in the seasons.

In

Britain there is abundant evidence of this stage in the his.
tory of the ice Age.

The Scottish

Highlands,

being the

largest area of high ground in the country, was the chief seat
of the ice.

Not only did every group of mountains nourish

its own glaciers;

even small islands, such as Arran and 11oy,

had their snow-fields, whence glaciers
crept down into the
valleys and shed

their

moraines.

It

would appear indeed

that some of the northern glaciers continued to reach the seas
level even when the land had there risen to near or quite its
present elevation.

On the east side of Sutherlandshire, at

Brora, and on the west side of Ross-shire, at Loch Torridon,
the moraines descend to the 50-feet raised beach; at the head
of Loch Eriboll, they come down to the sea-level and even
extend underneath the water, showing.tbat the
glacier at the
head of that fjord actually pushed its way into the sea, and
no doubt calved its icebergs there.
Another
streams

proof

that filled

of

the

the

magnitude

valleys

of

of

the

some

Scottish

of

the

ices

Highlands

during the later stages of the Glacial Period is supplied by
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the proofs that here and there among the

loftier or broader

snow-fields of the time they accumulated in front of lateral
valleys, the drainage of which was in consequence

ponded

back and made to flow out in an opposite direction by the
col

In

the head (p. 713).

at

these

natural

the

reservoirs,

level at which the water stood for a time was marked by a
horizontal ledge

or platform, due partly

hillside, but chiefly to

the

when it entered the water.
Glen

Roy"

erosion

of the

arrest of the descending debris
The famous "Parallel Roads of
familiar

are the most

to

examples.

In some

in

stances, as at Achnasheen in Ross-shire, the detritus of the
out in
glacial streams was arrested and spread

broad plat

forms across the valleys.
The gradual retreat of the glaciers

toward their parent

snow-fields is admirably revealed by their moraines, perched
blocks,

and

roches

rnoutonnes.

The

crescent-shaped

mo

raine-mounds that lie one behind another may be followed
up a glen, until

they finally

die out about the

what must have been the edge of the snow-field.

head,

near

The high

est mounds, being the last to be thrown down, are often sin
gularly fresh.
have

of water, which
They frequently inclose pools

not yet been

filled

or vegetation, or
up with detritus

fiat peaty bottoms where the process of filling up has been
them
Huge blocks borne from the crags above
completed.
are strewn over these heaps, and similar erratics perched on
ice-worn knolls on the sides of the valleys mark some of the
former levels of the ice.

The Scottish Highlands, the south

district and
ern uplands of Scotland, the hills of the Lake
these
of North Wales present admirable examples of all
features.
On the continent of Europe also similar evidence remains
of the gradual retreat of

the ice.

In many tracts of high
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In the Vosges, for

exam-

have long since vanished, but fresh moraines re-

main there as evidence of their former
presence.

The Al

pine glaciers are the lineal descendants of those which filled
up the valleys and buried the lowlands of

Switzerland and

the Lyonnais.
Before the retiring ice-sheet had shrunk into mere
valley
and
while it still occupied part of the lower ground,
glaciers,
there would doubtless be a copious
its melting front.

As the ice

discharge of water from

had overridden the land and

buried its minor inequalities, there would be great diversity
in the level of the bottom of the ice, and
escaping

water

would

at

first flow

the present main drainage lines.
let loose

over the plateaus and

the plains.

with

consequently the
little

relation

to

Streams of water might be
hilly ridges as well as over

There could hardly, therefore, fail to be much

rearrangement of

the detritus

left by the ice.

Possibly to

this part of the Ice Age and to this kind of action we should
attribute the masses of gravel and sand which, over so much
of northern Europe, rest on
bowider-clay.
cumulations

are

the sheets of coarse,

Among these ac

well-rounded gravel

(plateau-gravel), which, with no recognizable relation to the
present contouis of
and

the ground, are spread over the
plains

low plateaus, and fill up many
valleys.

rest sometimes

on

bowicler-clay,

sometimes

and are older than the valley alluvia.
not been formed

These gravels
on

They

are

rock,

They have evidently

by any ordinary river-action, nor is it easy

to see how the sea can have been concerned in
tion.

solid

well

developed

in

Norfolk

their forma
and

adjacent

tracts of the southeast of England, where they consist mainly
of well-rounded flints (cannon-shot gravel).
Still more remarkable are the accumulations

of sand and
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gravel to which the name of "Kame group" has been given.
Covering the lower ground in a sporadic manner, often toler
ably thick on the plains, these deposits rise up to heights of
1000 feet or more.

In some places, they cannot be satisfac

torily separated from the sands and gravels associated with
the

bowider-clay,

sandy deposits of

in

others

seem

they

to

into

merge

the raised beaches, while in

the

hilly tracts

it is sometimes hard to distinguish between them and true
moraine-stuff.

Their most remarkable mode of occurrence

is when they assume the form of mounds and

ridges, which

run across valleys and plains, along hillsides, and
water-sheds.

Frequently these ridges coalesce so as to in

close basin-shaped
tarns.

even over

hollows,

which

are

often

occupied

by

Many of the most marked ridges are not more than

50 or 60 feet in diameter, sloping up to the crest, which may
A single ridge may occa

be 20 or 30 feet above the plain.
sionally

be

traced

in a

slightly

sinuous

course

for many

miles, as in the case of the famous mound which runs across
the centre of Ireland.

These ridges, known in Scotland as

Kames, in Ireland as Eskers, and in Scandinavia as Oesar,
consist sometimes of

earthy detritus,

but

well-stratified sand and gravel,

the

coarse

more usually of clean,

gravel

or

stratification toward the surface corresponding with the ex
ternal slopes of the ground, in such a manner as

to prove

that the ridges are usually original forms of deposit, rather
than the result of the irregular erosion of a general bed of
sand. and gravel.

Some writers, have compared these

fea

tures to the submarine banks formed in the pathway of tidal
currents near the shore.
terrestrial

origin, due

in

But they appear rather to be of
some

way to

the

melting

of

the

the consequent discharge
great snow-fields and glaciers, and
of large quantities of water over the country.

But no very
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satisfactory explanation of their mode of formation has yet
been given.
Over the tracts from which

the ice-sheet

are usually scattered in large numbers.
in ice-worn basins of rock.

retired, lakes

Some of these lie

Where the detritus

has

been

strewn thickly over the ground, however, they rest in hol
lows
these

of

the

earth,

clay,

in

depressions

sand,

the

or

drifts

cannot

be

denuding operation since the ice left.
original
when

features

they

the
may

of

surface,

various

drifts

be

to irregular

due

as where successive
The small

the

pools

were

found

back

down.

to

In

deposition of
are thrown

may sometimes

origin

of

in any

They are obviously

dating

laid

moraines

The

gravel.

the

time

some

the

cases

detritus,

across a valley.

have been

originated by

the melting of portions of ice which had become detached
from
under

the main
detritus.

their place

and

mass,

and.

Many
form

were

small

surrounded

rock-basins

determined

subaerial rotting already referred to,
referable
in

to

smoothing

unequally,

underground
and

that

by

the

may

or buried
have

prolonged

while others

movements.

polishing

by

rocks,

But

the

wore

hollowing them into rock-basins,

had
deep

may be
glaciers,

them

down

leaving them

in prominent smoothed domes, and carrying the same char
acteristic

sculpture

over

all

the durable rocks exposed in

the areas of intenser glaciation.
The uprise of the land in
place interruptedly.

Scandinavia and Britain took

During its progress it was marked by

long pauses when the level remained unchanged, when the
waves and floating ice cut ledges along the sea-margin, and
when sand and gravel were accumulated below high-water
mark in sheltered
the coast-line.
parts of
of

erosion

and

deposit

(raised

beaches)

These platforms
form

conspicuous
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features at successive heights above the present level of the
sea (p. 484).

The coast of Scotland is fringed with a suc

cession of theta (Fig. 457).

Those below the level of 100

feet above the sea are often remarkably fresh.
terrace
and

forms a wide plateau in the estuary of the Forth,

the 50-feet terrace

Clyde.

The 100-feet

is

as

in

conspicuous

that

of

the

In Scandinavia, especially in the northern parts of

Norway, the successive pauses in the last uprise of the land
are impressively revealed

by long lines of

terraces which

wind around the hill-slopes that encircle the fjords (p. 487).
The

records of the closing ages of the long and varied

Glacial Period merge insensibly into those of later geologi

Fig. 457.-Terraces of erosion, marking ancient shore-lines.
of Island of Mull.

South coast

It is obvious that besides the effect of a general

cal times.

change of climate operating over the whole of the northern
hemisphere, we must remember the influence which the nat.
ural features of

different countries

had

the climate.

upon

From the plains, the ice and snow would retire sooner than
from

the hills.

In fact, we may regard some parts of Eu

rope as still retaining the conditions of the Glacial Period,
though in diminished intensity, the present glaciers of the
remarked, the representatives in con
Alps being, as above
tinuous succession of the vaster sheets that once descended
into the

lowlands

region.

And

peared,

on

even

all

sides

where

there remain,

the

from
ice

in the living

that
has

central elevated

long

since

plants and

disap

animals

of
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that

to

the

former

lessened,

severity

the

hitherto had peopled all the lower

grounds of central and western Europe, was driven up into
the hills before the advance of plants
loving a milder tem
perature, which

had

doubtless been

natives of

Europe be

fore the period of great, cold, and which were now enabled
to reoccupy the sites whence
they had been banished.

On

the higher mountains, where the climate is still not
wholly
uncongenial for them, and likewise here and there at lower
levels, colonies of the once general Arctic flora still survive.
The Arctic

animals

have also been

mostly driven away to

their northern homes, or have become
wholly extinct.

But

the remains of the Arctic plants and to some extent also of
the animals occur in the lacusfrine
clays, peat-mosses and
other

deposits

of

the

glacial

series,

even

down

into

the

heart of Europe.
It has been forcibly pointed
the present mammalian fauna of

out

by

Mr.

1Val1ace

that

the globe presents
every

where a striking contrast to the
extraordinary variety and.
"We
great size of the mammals of the Tertiary periods.
live," he says, "in a zoologically impoverished world, from
which all the largest, and fiercest, and strangest forms have
recently disappeared."

He connects this remarkable re

duction with the refrigeration of climate
during the Glacial
Period.

The change, to whatever cause it
may be assigned,

is certainly
remarkably persistent in the Old World and in
the

New,

and

not

merely

in

the

temperate

and

northern

regions, but even as far south as the southern slopes of
Himalaya
19 66

the

Mountains.

Geographical Distribution of Animals," 1. p. 150.
Nature,
xix p. 327 (363).
Gray,

Consult also Asa
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Development

Though the generalized succession of pbenorn
ena above given is usually observable, some variety is trace
In
able in the evidence in different parts of the British area.
Scotland, where the ground is generally more elevated, and
where snow and ice were most abundant, the phenomena of
Britain."

In the high
glaciation reached their maximum development.
and Ireland there was likewise
grounds of England, Wales
The ice-worn rocks of the
extensive accumulation of ice.
low grounds are usually covered with bowider-clay, which
in Scotland is intersti'atified with beds of sand, fine clay,
and peat, but has never yielded any marine organisms ex
are sometimes common, and
cept near the coast, where they
In England, marine shells,
in one locality in Lanarkshire.
usually fragmentary, occur in the bowider-clays both in the
The ice-sheet no doubt passed
eastern and. western counties.

over some parts of the sea-bottom, and ground up the shell.
banks that
to lie in its way, as has happened, for
happened
example, in Caithness, Holderness, and East Anglia, where
the shells in the bowider-clay are fragmentary, and some
times ice-striated.
The "Bricllington Crag" of Yorkshire,
according to Messrs. Sorby, Lamplugh and. Reid, is a large
fragment torn, from a submarine shell-clay, and imbedded in
the
With the exception of such marine in
bowlder-clay.".
closures, the organic contents as well as the physical char.
acters of

the Scottish Till

point to terrestrial conditions of

deposit under the ice-sheet.
The depth, extent and movements of the great ice-sheet
which covered Britain have already been referred to.
The
proofs of the former presence of the ice are scattered abun.

20 Besides the
general works and papers already cited, the following special
papers in the Quarterly Journal of the Geological Society may be conu1ted:
Wales, Mackintosh, 1882, p. 184; I. W. E. David, 1883, p. 39.
N.W. Eng
land, Mackintosh, 1879, p. 425, 1880, p. 178; T. M. Roado, 1874, p. 27, 1883,
S. E. England, Searles V. Wood jun., 1880,
p. 83; A. Strahan, 1886, p. 369.
457,
1882,
A.
J.
Jukes-Browne,
1879, p. 397, 1883, p. 596; Rowe,
p.
p. 667;
Scotland (Long Island), J. Geikie, xxix. 1873; xxxiv. 1878;
1881, p. 351.
(Shetlands) Peach and Home. 1879, p. 778; (Orkneys) 1880, p. 648; (Aber
deenshire) T, F. Jamieson, 1882, pp. 145, 160. The student will find a useful
digest of the literature for England up to 1887 in Mr. H. B. Woodward's "Geol
ogy of England and Wales." The Memoirs of the Geological Survey will be
found to contain much local detail on this subject.
21 Lamplugh, Quart. Journ. GeoL Soc. xl. 1884, p. 312. 0. Reid,
"Geology
of Holderness" in Mew. Geol. Survey.
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clantly over the country north of a line drawn from the
Bristol Channel to the estuary of the Thames.
South of
that line the ground is free from bowider-clay, though vari
ous deposits, possibly of contemporary date, serve to indi
cate that, though not buried under ice, this southern fringe
of England had its own glacial conditions."
Among these
is the "Ooombe-rock" of Sussex-a mass of unstratified rub

bish which has been referred by Mr. 0. Reid to the action
of heavy summer rains at a time when the ground a little
below the surface was permanently frozen.
In the glaciated
tract one of the most striking features in showing the Green-

j_

-

lilt

a

'I

Fig. 48.-Group of Shells from the Scottish Glacial Beds.
a, Pecten Islanclicus, Mull. (; b, Leda truticata, Brown (i); c, Leda lanceolata, Sow.
(); ci, Tellina lata, Gmelin (T. calcarea, Wahi.) (k); e, Saxicava rugosa, Pen.
naut (i); f, Natica clausa, Brod. and Sow. (i); g, Trophon scalariformis, Gould
(T. clathratus) (i).
land-like massiveness of the ice-sheet is furnished
by the
south of Ireland, where the hills of Cork and Kerry have
been ground smooth and striated down to the sea, and even
under sea-level, detached islets
appearing as well ice-rounded
roches moatonnes.
There can be no doubt from this evi
dence that even in the south of Ireland the ice-sheet con
tinued to be so massive that it went out to sea as a
great
wall of ice, probably
in
off
there
icebergs.
breaking
The records of the submersion of Britain are
probably
If we rely only on the evidence of anvery incomplete.
C. Reid, Quart. ,Tourn. Geol. Soc. xiii. 1881, p. 364.
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shells, we obtain the lowest limit of
transported marine
But, as above remarked, the mere presence
depression.
of marine shells cannot always be accepted as conclusive.
Again, the renewed ice and snow, after re-elevation, may
well have destroyed most of the shell-beds, and their de

struction would be most complete where the snow-fields and
Beds of sand and gravel with
glaciers were most extensive.
recent shells have been observed on Moel Tryfaen, in North
Wales, at a height of 1350 feet, but the shells are broken,
and show such a curious commingling of species as to inch
In Cheshire
cate that they are probably not really in place.
marine shells occur at

1200

feet.

In

Scotland

they have
been obtained at 524 feet in the bowider-clay at the Lanark
shire locality already referred to; but the layer containing
them may have been transported by the ice-sheet.
Subse
of
has
within
the land
tide
quent elevation
brought up
marks some of the clays deposited over the sea-floor during
the time of the submergence.
In the Clyde basin and in
some of the western fjords these clays (Clyde Beds) are full
of shells.
Comparing the species with those of the adjacent
seas, we find them to be more boreal in character; nearly
the whole of the species still live in Scottish seas, though

a few are extremely rare.
Some of the more characteristic
northern shells in these deposits are Pecten islandicus, Tel
lina lata (T. calcarea), Leda truncata, L. lanceolata, Yoldlia
arctica, Saxicava rugosa, Panopaa norvegica, Trophon sca
lariformis (T. clathratus), and Natica clausa (Fig. 458).
Of the later stages of the Glacial Period, the records are

mach the same all over Britain, allowance being made for
the greater cold and longer lingering of the glaciers in the
north than in the south, and among the hills than on the
plains.
In Scotland the following may be taken as the average
succession of glacial phenomena in descending order:
Last

traces

of

glaciers, small moraines at the foot of
The
among the higher mountain groups.
glaciers, no doubt, lingered longest among the higher.
mountains of the northwest (Highlands, Galloway,
Lead Hills, Hartfell and Loch Skene, Arran, Mull,
Skye, Harris, Orkney, Shetland).
corries

Marine terraces (50 feet and higher.
Clay-beds of the
Arctic sea-bottom (Clyde Beds) containing northern
mollusks.
The marine terraces prove a submergene
of at least 100 feet beneath the present level of the
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land; how much beyond that limit the submergence
reached has still to be determined.
Large moraines, showing that glaciers descended to the
line of the present sea-level in the northwest of Scot
land.
Some of the moraines rest upon the 50-feet
marine terrace.
Erratic blocks, chiefly transported
by the first ice
sheet, but partly also by the later glaciers, and
partly
by floating ice during the period of submergence.
Sands and gravels-Kame or Esker series, sometimes
containing terrestrial
organisms, sometimes ma-line
shells.
Upper howider-clay-rudely stratified clays with sands
and gravels.
Till or lower bowicler-clay (bottom moraine of the ice
sheet)-a stiff stony unstratified
clay, varying up to
100 feet or more in. thickness.
Bands of fine sand,
laminated
of
finely
clays, layers
peat and terrestrial
with
bones
of
mammoth
and reindeer,
vegetation,
also in some places
fragmentary or entire Arctic and
boreal marine shells, occur either in the till or be
tween it and the
Till spreads
upper bowider-clay.
over the lower grounds, often
taking the form of
or
drums.
parallel ridges
Ice-worn rock surfaces.
Over a great part of England and Ireland the drift de
posits are capable of subdivision as follows:
4.

Moraines

3.

Upper bowlder-clay----a stiff stony clay or loam with
ice-worn stones and intercalations of sand,
gravel, or
silt. It occasionally contains marine shells. It
pos
sibly does not come south of the Wash.
Middle sands and gravels,
containing marine shells.
At Macclesfield (1200 feet above the sea) there

2.

(North
raised beaches.

Wales,

Lake

District,

etc.)

and

have been found Cytherea chione, Oardiu.m rusti
cam, Area lactea, Tellina baithica,
Cyprina island.
ica, Astarte borealis, and other shells now
living in
the seas around Britain, but
indicating perhaps by
their grouping a rather colder climate than the
Oorbicula fluminalis abounds in some
present.
gravels which underlie the upper bowider-clay.
South of the Wash it is found in similar
deposits
In
overlying the lower or "chalky bowider-elay."
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Ireland marine shells of 'living British species occur
But, for the
at heights of 1300 feet above the sea.
reason already assigned, the submergence may not

1.

have been nearly so great as these high-lying shelly
deposits might be supposed to indicate.
Lower bowlder-clay-a stiff clayey deposit stuck full
of ice-worn blocks, and equivalent to the till of
On the east coast of England (Holder
Scotland.
ness, Lincoln and Norfolk) it contains fragments

of Scandinavian rocks; in particular, gneiss, mica
schist, qua rtzite, granite, syenite, rhom b enporp hyr;
also pieces of red and black flint, probably from
Denmark, and of Carboniferous limestone and sand
doubtless travelled from the
north.
Along the Norfolk cliffs it presents strati
fied intercalations of gravel and sand, which have
stone,

which

have

As in Scotland,
been extraordinarily contorted.
the true lower bowlder-clay in the north of England
and Ireland is often arranged in parallel ridges or
drums in the prevalent line of ice-movement.
As
above mentioned, the "crag" of Bridlington, York
shire,

is

probably a fragment of an old marine
glacial shell-bearing clay, torn up and imbedded
in the bowider-clay of the first ice-sheet.
Its shells

are strikingly Arctic.
The southern limit of the ice has been already men
tioned (p. 1683).
No "terminal moraine" has been
observed, the ground to the south of the ice-limit
free from glaciation, though erratic blocks,
drift-ice, are found on the
robably brought b
Aussex coast.
The goombe-rock has been already
referred to (p. 1711).
Deep superficial accumula
tions of rotted rock occur where the rock has de
being

composed in situ in the southern non-glaciated
region, as may be well seen over the Pa1ozoic
slates and granites of Devon and Cornwall.
In the
non-glaciated chalk districts, a thick cover of flints
and red earth partly represents the insoluble parts
of the chalk

that remain after prolonged subaerial
decay, but from the frequent presence of fragments
of quartz, which does not occur in the chalk, this
mantle of "clay with flints" seems to indicate also

a certain amount of transport, though the agent by
which this was effected is not obvious.
Re high
moorlands of eastern Yorkshire appear to have
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risen as an insular tract above the ice-sheet; for
the bowider-clay advances up the valleys that in
dent the northern face of the Jurassic table-land,
but ceases about a height of 800 feet, and the table
land itself is entirely free of drift, but its rocks are
much decayed at the surface.
Scandinavia."-The order of Pleistocene phenomena is
The surface of the
generally the same here as in. Britain.
country has been everywhere intensely glaciated, and, as
already stated, the ice-strie and transported stones show
that the great ice-sheet
probably exceeded 3000 feet in
thickness, for the hills are ice-worn for more than 5000
feet above sea-level, and that
moving outward from the
axis of the peninsula it
down
the western fjords into
passed
the Atlantic, and southward and southeastward into the

Baltic.
The subsequent partial submergence of the country
is proved
The fossils in
by numerous shell-bearing clays.
the higher littoral shell-beds indicate a more Arctic climate;
they include, as in. the Scottish glacial clays, great numbers
of thick-shelled varieties of Mya truneata and Saxicava
rugosa; also Bahinus porcatu.s, B. crenatus, Mytilus edulis,
Pecten islandicus, Buccinum
grnIandicum, Trophon scalar
iformis (T. clathratus), Natica clausa.
The clays of deeper
water contain Leda lanceolata, Yoldia arctiea, Y. intermedia,
Y. pygrnaa, Dentalium
The fossiliferous
ab.yssorum, etc.
deposits of lower levels point to a climate more nearly ap
more
proaching the present, for the
thoroughly Arctic
species disappear, and the thick-shelled varieties of Mya
and Saxicava pass into the usual thin-shelled kinds.
The
remarkable terraces that fringe the coast of
Norway from
the southern or Christiania
region to the North Cape mark
in
the
re-elevation
of
the land (Fig. 78).
pauses
The eastern
of
Sweden
and
the
lower
of
plains
southern Norway
grounds
are covered with
accumulations
of
sand and gravel
great
(oesar) like the kames of Scotland and the eskers of Ireland.
Cermany.24-Since the year 1878 an active exploration of
Seo G. tie Geer, Zeitsch. Deutsch. Geol. Gee. xxxvii. 1885,
p. 177.
211 There is now an
recent
literature
devoted
to
the glacial
ample though
phenomena of Germany. The volumes of the Zeitsch. Deutsch. Geol. Gesellschaft for 18'19 and
subsequent years contain papers by G. Berendt, H. Oredner,
A. fLelland, A. Penc&, R. Richter, F.
Noetliug, F. Waliusebaffe, F. E. Goiuitz,
F. Schmidt, etc. See also the Jahrb. Preuss. Geol.
Landesanstalt for 1880 and
following years; the Maps and Explanations of the ame Survey for the neigh
borhood of Berlin, 27 sheets, and the memoirs of the
Geological Survey of
axouy.
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the earlier memorials of the glacial period has been carried
out
on in northern Germany, with the result of brrngin
more clearly the evidence for the prolongation of the bean

and Finland ice across the Baltic and the plains
The limits reached by the
of Germany even into Saxon y.
ice are approximately fixed by the line to which northern
Beneath the oldest members of the
erratics can be traced.
dinavian

glacial drifts, deposits are found in a fragmentary condition
containing shells now living only in southern Europe, such
Above the
as Paludina diluviana and Corbicula fluminalis.
glaciated rocks comes a stiff, unstratified clay, with ice
striated blocks of northern origin-the till or bowider-clay
Two distinct bowlder-clays
(Geschiebelehm, Blocklehm).
have now been recognized-the older or till separated by
Terminal moraines
interglacial deposits from the newer.
marking the limits of the ice-sheet have been found in the
form of ramparts of Scandinavian blocks and gravel, which
have been traced for many miles along the coast-line and
across the plains of northern Germany."'
The sources of

the various ice-streams which united to form the crreat ice
sheet that crept over the Germanic plain are well siown
by
a study of the stones in the moraine material.
The Scandi
navian
toward

rocks are found toward the west and the Finnish
the east of the glaciated area.
Among the inter
calated materials that separate the two bowider-clays are
layers of peat, with remains
white birch, hazel, hornbeam,

f

pine, fir, aspen, willow,
poplar, holly, oak, juniper,
ilex, and various water-plants, in particular a water-lily no
With this vegetation are asso
longer living in Europe.
ciated remains of Elephas antiquus, mammoth, rhinoceros,
elk, megaceros, reindeer, musk-ox, bison, bear, etc.
Some
of the interglacial deposits ai'e of marine origin on the lower
grounds bordering the Baltic, for they contain Oyprina
islandica, Yoldia arctica, Tellina soliclula, etc.
Among the
youngest glacial, and probably in part interglacial, deposits
are the upper sands and gravels (Geschiebed.eck-sand), which
spread over wide areas of the Germanic plain, partly as a
more

or

less uniform but discontinuous sheet, and partly
as irregular hillocks and ridges strewn with erratic blocks,
and inclosing
of water and peat-bogs.
These mounds
pools
and ridges, with their accompanying sheets of water, form

25 G. Berendt, Jihrb. Preuss. Geol. Laudesanst. 1888,
p. 110; K.
cit.
1889,
149.
p.
op.

ei1hack,
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conspicuous feature of the low tract of country from
Scbleswig-Holstein eastward to the Vistula.
In some of the mountain groups of Germany there is evidence that probably at the height of the Ice Age glaciers
a

Reference has already been made. to the moraine
existed.
mounds of the Vosges" and Black Forest,"' and to the fact
that the glaciers of the western hill-groups were more ex
In the Carpathian range,
tensive than those to the east.

a series of moraines, sometimes inclosing lakes, is distrib
On
uted in the valleys that radiate from the Hohe Tatra.28
At the
both sides of the Riesengebirge, moraines occur.
sources of the Lomnitz, on the southern side, they inclose
two lakes at the foot of high recesses and cliffs." No certain
traces of glaciers appear to havci been met with in the
eastern
of the Sucleten range, nor in the Erzgebirge
part
Further north, in the Harz, mounds
or Thuringerwald.
of detritus which resemble moraines have been referred by
Kayser to glacier- ac tilon."

France.-As France lay to the south of the northern ice.
sheet, the true till
r bowlde;-clay is there absent, as it is
It is con
for the same reason from the south of England.
sequently difficult to deeidc which superficial accumulations
are really contemporary with those termed glacial further
north, and which ought to be grouped as of later date.
The ordinary sedimentation in the non-glaciated area not

having been interrupted by the invasion of the ice-sheet,
deposits of pre-glacial, glacial, and post-glacial time natu
The older Pleistocene
rally pass insensibly into each other.
consist of fluviatile gravels
deposits (perhaps interglacial)
arid clays which, in their composition, belong to the drain
There is generally no
age systems in which they occur.
evidence of transport from a great distance, though, in the
sandstone and conglom
Champ de Mars at Paris, blocks o
erate nearly a yard long sometimes occur, as well as small
Erratics at Calais
pieces of the granulite of the Morvan.
and on the coast of Brittany may also have been carried
31
a long way.
The rivers, however, were probably much
larger during some part of the Pleistocene period than they
now are, and the transport of their stones may have been
26
2
28
30
'

IL Hogard,
J Partsch,
ibid. p. 9.
Lossen and
Oh. Velain,

"Terrain erratique dr's Vosges" 1851.
"Gletecher der Vomit," 1882, p. 115.
Ibid. p. 55.
Deutsch.
Geol. Ges. xxxiii. 1881.
Kayser, Zeitsch.
Bull. Soc. Geol. France, xiv. 1886, p. 569.
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effected by floating ice.
They have left their
ancient platforms of alluvium in successive terraces high
Each terrace consists sen
above the present watercourses.
in ascending
erally of the following succession of deposits
the
order: (1) A lower gravel (gravier de fond),
pebbles of
which are coarsest toward the bottom and are interstratified
with layers of sand, sometimes inclined and contorted.
strata
(2) Gray sandy loam (sable gra.s).
(3) The foregoing
are covered by yellow calcareous loess (p. 566), or with an
The upper
overlying dark brown loam or brick-earth.
of the gravels and sands are commonly well
exposed parts
oxidized, and
a yellowish-brown or deep reddish
present
brown tint, while the lower portions remain more or less
Hence the old nathes diluvium gris and diluvium.
gray.
The gravels and brick-earths have yielded terres
rouge.
trial and fresh-water shells, most of which are of still
sometimes

living species, and. numerous mammalian bones, among
which are Rhinoceros antiquitatis (tiehorhinus), B. etrus
ens, B. leptorhinus, Hippopotamus amphibius, Elephas an
tiquns, E. primigenius, wild boar, stag, roe, ibex, Canadian
elk, musk-sheep, urns, beaver, cave-bear, wolf, fox, cave

Palaolithic implements found in
hya3na, and cave-lion.
the same deposits show that man was a contemporary of
these animals (see p. 1733).22
It is in the centre and east of France that the most un

equivocal signs of the ice of the Glacial Period are to be
met with.
The mountain groups of Auvergne, which even
now show deep rifts of snow in summer, had their glaciers
whereby moraine heaps and large blocks of rock were strewn
over the valleys; not only so, but there is evidence in that
region of a retreat and redescent of the ice, for above the
older moraines lie interglacial deposits containing abundant
remains of land-plants with bones of Elephas meridionalis,
Rhinoceros leptorhinus, etc., the whole being covered
by
newer moraines."
The much lower grounds of the
Lyonnais and Beaujolais
(rising to more than 3000 feet) likewise supported indepen.

A detailed study of the Quaternary deposits of the north of France has
been made by J. Ladrire, who divides them into three stages, each marked off
by a gravelly layer at the base and terminating above in a loam with terrestrial
vegetation and fresh-water and terrestrial shells. The lowest is the assiso, with
Elephas primigenius and Rhinoceros tichorhinus. Ann. Soc. Geol. Nord, xviii.
1890, p. 93.
33 Julieu, "Des PhenomAnes
glaciaii'es dane le Plateau central do la France,"
1869.
Raines, Bull. Soc. Geol. France, 1884.
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84
The glacier of the Rhone and its tribudent snow-fields.
taries at the time of the maximum glaciation was so gigantic
as to fill up the hollow of the Lake of Geneva and the
vast plain between the Bernese Oberland and the Jura.
It crossed the Jura and advanced to near Besançon.
It
swept down the valley below Geneva, and. then, joined by
its tributaries, spread out over the lower hills and
plains
until the whole region from Bourg to Grenoble was buried
under ice. The evidence of this great extension is furnished
by rock-stria3, transported blocks and moraine stuff."
Belgium-The Quaternary deposits of this country, like
those of northern France, belong to a former condition of
the present river-basins.
In the higher tracts, they are con
fined to the valleys, but over the plains
they spread as more
or less continuous sheets.
Thus, in the valley of the Meuse,
the gravel-terraces of older dii uvium on either side bear wit
ness only to transport within the drainage-basin of the river,
though fragments of the rocks of the far Vosges may be de
tected in them.
The gravels are stratified, and are
generally
In middle Belgium,
accompanied by an upper sandy clay.
the lower diluvial gravels are covered by a
yellow loam
a
continuation
of
the
German loess,
(llesbayan), probably
with numerous terrestrial shells (Succinea oblonga,
Pupa
muscorum, Helix hispida).
In lower Belgium, this loam is
replaced by the Campinian sands, which have been observed
lying upon it.
diluvuim have

The Belgian caverns and some
parts of the
yielded a large number of mammalian re
mains, among which there is the same commingling of
types
from. cold and from warm latitudes so observable in the
Pleistocene beds of England and France.
Thus the Arctic
reindeer and glutton are found with the Alpine chamois and
marmot, and with the lion and
grizzly bear.

The Alps."-Reference has already been made to the vast
extension of the Alpine glaciers during the Ice
Evi.
Age.
Falsan and Chantre, "Anciens Glaciers," ii. p. 384.
Fatsan and Ohantro, op. cit.
36 Besides the works of
Falsan and Chantre, Penck and Partsch, cited or,
p. 1679, the student may consult Morlot, Bib. Univ. 1855; Bull. Soc. Vaud.
Sci. Nat. 1858, 1860; Hoer, "Urwelt der Schweiz"; the map of the ancient
glaciers of the north side of the Swiss Alps, published in four sheets by A.
Favre, Geneva, 1884; 0. W. Gürnbel, Sitzb. Akad. Wien, 1872; R. Lepsius
"D;s wostliche Süd-Tirol," Berlin, 1878; A. Helm, "Handbuch der Glotscher
kuncle," 1885; Baltzer, Mittheil. Nat-urf. Ges. Borne, 1887; Renevier, Bull. Soc.
Helv. 1887; A. Böhm, Jahrb. Ic. Ic. Geol. Reichsanst. xxxv. 1885, p. 429.
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dence of this extension is to be seen both among the moun"
On the sides
tains and far out into the surrounding regions.
of the great valleys, ice-striated surfaces and transported
blocks are found at such heights as to show that the ice

must have been in some places 8000 or 4000 feet thicker than
it now is.
The glacier of the Aar, for instance, which was
a comparatively short one, being turned aside by and merg.
ing into the large stream of the Rhone glacier near Berne,
attained such dimensions as not only to fill up the valley
now occupied by the Lakes of Thun and Brienz, but to
The marks made by it are
override the surrounding hills.
found at a height of 930 metres above the valley, which with

305 metres for the depth of Lake Brienz
a depth of at
gives
least 1235 metres or 4000 feet of ice moving down that val
ley.
Judoing from the evidence of the heights of the
stranded blocks, the slope of this glacier varied from 45 in
1000 in its upper parts to not more than 2 in 1000 toward its
termination."
From the variation in the direction of the
strife, as well as in the distribution of the transported blocks,
there can be little doubt that the Alpine glaciers varied from

time to time in relative dimensions, so that there was a kind
of struggle between them, one pushing aside another, and

again being pushed aside in its turn.
Turning to the regions beyond the mountains, we find.
that proofs of olaciation reach to almost incredible distances.
The

Rhone glacier has already been referred to as over
whelming the mountainous and hilly intervening country,
and throwing down its moraines with blocks of the charac
teristic rocks of the Valais where Lyons now stands, that is,
170 miles in diiect distance from where the present glacier
ends.
The same ice-sheet, swelled from the northern side

of the Bernese Oberland, overflowed the lower ridges of the
Jura, streaming through the transverse valleys, even as far
as Ornans near Besançon.
Turning northeastward, it filled
up the great valley of Switzerland, and, swollen by the tribu
tary glaciers of the Aar, the Reuss, and the Liuth, joined
This
the vast stream of the Rhine glacier above Basel.
enormous rne' ciu glace poured over the Black Forest and
down the valley of the Danube at least as far as Sigmarin
East.
gen, where blocks of the rocks of the Grisons occur.
ward it was joined by the great glacier that descended from
the Swabian and Bavarian Alps, and of which the moraine.
The
heaps are strewn over the lowlands as far as Munich.
41 A. Favre, Arch. Ann. Sci. Phys. Nat. Genve, xii. 1884.
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Tyrolese and Carinthian Alps were likewise buried under, an
icy covering which sent a huge glacier eastward clown the
On the south side of the Alps, the gla
valley of the Dran.
ciers advanced for some way out into the plains of Loin
bardy, where they threw down enormous moraines, which
sometimes reach a height of more than 2000 feet (Ivrea).
These vast accumulations, to which there is no parallel else
where in Europe, rise into conspicuous hills and crescent
shaped ridges round the lower ends of the upper Italian
lakes.
At some of these localities the moraine stuff rests
on marine Pliocene beds.
It is possible that the glaciers
There appears to be no
actually reached the sea-level."'
doubt, at least, that they descended to a lower level on that
side than on the northern side of the Alps.
By tracing the distribution of the transported blocks,
the movements of the ancient glaciers can be satisfactorily
followed.
These blocks are not dispersed at random over
the glaciated area.
Each glacier carried the blocks of its
own basin, and, where these are of a peculiar kind, they

serve as an excellent guide in following the march of the
ice.
Not only were the blocks in each drainage area
kept
from
those
of
basins,
but
those
on
the
left
separate
adjoining
sides of the valleys do not, except along the junction lines,
As a rule, the blocks
mingle with those of the right sides.
lie along the sloj)es of the valleys rather than on the bot
toms, and are often disposed there in
In
groups or lines.
the Arve valley, near Sallanches, for example, a zone com
prising several thousand granitic bowiders runs for a dis
tance of more than three miles.
The blocks of Moñthey
have long been famous.
On the flanks of the Jura near
Solothurn, the bowiclers of Riedholz, stranded there by the
ancient Rhone glacier, still number 228, though they have
been reduced by the quarrying operations now happily inter
dicted (see Figs. 151, 152, 153).°
That the Ice Age in. the Alps, as in northern
Europe, was
at
least
one
warmer
interrupted by
interglacial period, when
the ice retreating from the valleys allowed an abundant
vege
tation to flourish there, is shown by the
of
Diiruten
lignites
(Oahton Zurich), Utznach (St. Gall), Hotting (near Inns88 T]te surface of the
Lago di Garda, round the lower end of which glacier
moraines extend, is little more than 200 feet above the sea-level.
' Favre, Arch. Sci.
Penclc, "Ver
Phys. Nat. Genôve, xii. 1884, p. 399.
der
Deutsehen
believes
that
he
can
trace
evidence
of at
gletscherlLng
Alpen,"
least three distiuct periods of glaciation in the Alps.
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These deposits can hero
pruck), and several other places.
and there be seen to overlie ancient moraine stuff; they are
interstratified with fluviatile gravels and sands, which again
are surmounted with scattered erratic blocks belonging to

a later period of glaciation.
Among these interglacial vege
table accumulations fleer recognized several pines or firs
montana), larch, yew, oak,
(Pinus abies, P. sylvestris, P.
hazel, mosses, bog-bean, bulrush, raspberry, and
sycamore,
(xalium palustre, as well as bog-mosses, all still growing in
With the plants there occur the
the surrounding country.
remains of Elephas, Rhinoceros etruscus, Bos taurus, var.
primigenius or urus, red-deer, cave-bear, likewise traces of
fresh-water shells and insects, chiefly elytra of beetles.
The succession of main events in the history of the lee
Age in Switzerland is thus tabulated:4°

Ancient
lacustrine terraces (150 feet
Post-glacial.
above present level of Lake of Geneva), deltas, and
river gravels with Limna stagnalis, and other fresh
water shells, bones of mammoth (0.
Second extension of the glaciers.
Erratic blocks and
terminal moraines of Zurich, Baldegg, Sempach,
Berne, with an Arctic flora and fauna.

Gravels, lignites,
and
Interglacial beds.
clays of
Utznach, Durnten, etO., covered by the moraine
stuff of the second glaciation and overlying the old
est glacial deposits-Elephas antiquus, Rhinoceros
leptorhinu.s.
First glaciation.
Striated blocks found under the in
terglacial beds.
Russia.-A

vast extent of Russia

was

buried under the
first great ice-sheet, the southward limits of which across the
There appears
country have already been stated (p. 1684).
to be evidence that the second advance of the ice not only
affected the western lowlands that were covered by the Bal
tic glacier, but even the centre of the country.
Recently
have
been
obtained
of
an
in cen
period
proofs
interglacial
tral Russia marked

by lacustrine deposits intercalated be
tween glacial clays.
They have yielded an abundant flora
including alder, birch, hazel, willow, fir, water-lilies, and
remains of mammoth, etc."

40 Heer, "Urwelt der Schweiz."
' N. KirRchtafowitscli, Ball. loc. Imp. Nat. Mo800u, No. 4, 1890.
glaciation of the Ural8 see Nikitin, Neues Jabrb. 1888, i. p. i.

On the
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North America.-'3-The general succession of geological
change in Post-Tertiary time appears to have been broadly
the same all over the northern hemisphere.
In North .Amer
ica, as in Europe, there is a glaciated and non-glaciated area;
but the line of demarcation between them has been much
more clearly traced on the western side of the Atlantic.
The
area extending over Canada and the northeastern
glaciated
tates presents the same characteristic features as in the Old
World.
The rocks, where they could receive and retain the
The direc
ice-markings, are well smoothed and striated.
tion of the stri
is generally southward, varying to south
east and southwest according to the form of the ground.
The great thickness of the ice-sheet is strikingly shown by
the height to which some of the higher elevations are
poi
ished and striated.
Thus the Catskill Mountains, rising

from

the broad

plain of the Hudson, have been ground
smooth and striated up to near their summits, or about
3000 feet, so that the ice must have been of seven greater
thickness than that.
The White Mountains are ice-worn
even

at

a

G. M. Dawson has found
height of 5500 feet.
glaciated surfaces in British Columbia 7000 feet above the
48
sea.
As in Europe, the glacial deposits increase in thickness
and variety from
south to north, spreading across Canada,
over a considerable area of the northeastern States, and ris
ing to a height of 5800 feet among the White Mountains.
From the evidence of

the rock-strhe and the dispersion of
bowiders, it appears that, though the glaciated region was
buried under one deep continuous mer de glace like that of
Greenland at the present time, moving steadily down from
the north, there were considerable variations in the direction
of motion,

mainly, no doubt, owing to inequalities in the
general slope of the ground underneath.
Nothing, however,
is more striking than the apparent indifference with which

the ice streamed onward, undeflected even by considerable

42 See J. D.
Whitney, "Climatic Changes of later Geological Times," Mem.
Mud. Conipar. Zool. Harvard, vol. vii. 1882; and papers by J. B. Dana, T. C.
Chamberlin, R. D. Salisbury, W. Upham, George M. Dawson, H. Carvill Lewis,
0. P. Wright, and others in Amer. Joirn. Sci., American Geologist, Canadian
Naturalist, Canadian Journal, Ann. Reports of U. S. Geol. Survey, and Cana
J. W. Dawson,
dian Geol. Survey, Second Geol. Surv. of Pennsylvania.
"Acadian Geology," 1878; "Handbook of Canadian Geology," 1889; 0. M.
Dawson, Trans. Roy. Soc. Canada, viii. sect. iv. 1890, p 25; 0. F. Wright,
"Man and the Glacial Period," "The Ice Age in America."
48 Geol.
Mag. 1889, p. 351; see also W. Upham, Appalachia, v. 1889, P. 291.
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The line of the southern margin of the ice
ridges and hills.
can still be followed by tracino the limits to which the drift
I'rom this evidence we learn
deposits extend. southward.
that the ice-sheet ended off in a sinuous line, protruding in
and retiring into deep and
great tongues or promontories
In the Eastern States, the southern limit of the
wide bays.
the most extraordinary
glaciated. region is marked by one of
and to which in Europe
glacial accumulations yet known,
It consists of a broad irregular band of
there is no rival.
confused heaps of drift, or more strictly of two such bands,

which sometimes unite into one broad belt and sometimes
or thirty
separate wide enough to allow an interval of twenty
miles between them, each being from one to six miles in
breadth and rising several hundred feet above the surround

The surface of these ridges presents a charac
ing country.
teristic hummoeky aspect, rising into cones, domes, and
confluent ridges, and sinking into basin-shaped or other
irregularly-formed depressions, like the kames or oesar of
the
The upper part of the material
Europe.
composing
ridges generally consists of assorted and stratified gravel
and sand, the stratification being irregular and discordant,
Below these
but inclined on the whole toward the south.

rearranged materials is a bowlder-drift-a mixture of clay,
sand, and. gravel, with bowiders of all sizes, up to blocks
many tons in weight and often striated.
Though sometimes
from
till,
it
indistinguishable
ordinary
presents as a rule a

greater preponderance of stones than in typical till, but con
tains also fine stratified intercalations.
A large proportion
of the material of the ridges has been derived from rocksing immediately to.the north, and the nature of the ingre
WI ients constantly varies with the changing geological struc
ture of the ground.
There is also always present a greater
or less amount of detritus representing rocks that lie along
the line of drift-movement for 500 miles or more to the
north.
The band of drift-hills lies sometimes on an ascend
sometimes
on a descending slope, crosses narrow moun
ing,
tain ridges and forms embankments across valleys, showing
such a disregard of the topography as to prove that it can
not have been a shore-line, and has not been laid down with
reference to the present drainage system of the land. 44
To this remarkable belt of
hummocky ground
prominent
the name of "terminal moraine" has been given by the
' II. C. Lewis,
"Report on the Terminal Moraine," Second Geol. Stn"v.
1884,
Z,
Pennsylvania,
p. 45, with Preface by J. P. Lesley.
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American geologists who have so successfully traced its dis
The conditions,
tribution and investigated its structure.
however, under which the drift rampart in question was
formed certainly differed widely from those that determine
The constituent materials
au
ordinary terminal moraine.
cn hardly have travelled on the surface of the ice, but must
rather have lain underneathit or have been pushed forward
But the mode of formation is a problem
in front of it.
which has not yet been satisfactorily solved.

There seems good reason to believe that there are at least
two "terminal moraines" belonging to two distinct and per
The most
haps widely separated epochs in the Ice Age.
southerly and therefore oldest of them begins on the Atlan
tic border off the southeastern coast of Massachusetts, where
it is partially submerged.
Rising above the level of the sea
in Nantucket Island, Martha's Vineyard, No Man's Island
and Block Island, it is prolonged into Long Island, of which
it forms the backbone, and where it reaches heights of 200 to
A second or later and less prominent line
nearly 400 feet.
of drift-hills runs long the north shore of Long Island, and
is prolonged by Fisher's Island into the southern edge of the
State of Rhode Island, whence, striking out again to sea, it
forms the chain of the Elizabeth Islands, passes thence into

the State of Massachusetts, and runs nearly east and west
The distance between
through the peninsula of Cape Cod.

these two bands of hummocky ridge varies from five to thirty
m'les.
From the western end of Long Island the moraine
passes across Staten Island and the northern part of New
Jersey, enters Pennsylvania a little north of Easton, and fol
lows a sinuous northwesterly course across that State and for
some miles into the State of New York, where, forming a
deep indentation, it wheels round in a southwesterly direc
tion, re-enters Pennsylvania, and
passes into Ohio. Through
out this long line, the moraine coincides with the southern
limit of the drift and of rock-striation,
though in. western
in
front
of
the
1
Pennsylvania,
ridge, scattered northern bowl
ders are found over a strip of ground which
gradually in
creases southwestward to a breadth of five miles.
Beyond
central Ohio, however, the drift extends far to the south.
Taking its limits as probably marking the extreme boundary
This strip of ground, called by the late Prof. H. C. Lewis the "fringe."
widens out southwestward, as stated above, to a breadth of
vo miles, m
which, though there are no rock-stria or drift, scattered northern bowiders
occur.
Op. cit. p. 201.
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find that it goes
(then at its largest), we
southward, perhaps nearly as far as the junction of the Ohio
with the Mississippi, sweeping westward into Kansas, and
then probably turning northward through Nebraska and
Dakota, but keeping to the west of the Missouri River.
The inner or second terminal moraine is well developed
in the southern part of the State of New York, lying well to
the north of the first moraine, and much more irregularly
distributed.
Southwestward the two series of ramparts unite
of the

ice-sheet

at the sharp bend of the older ridge just mentioned, and con
This junction probably
tinue as one into the centre of Ohio.
indicates that the southern edge of the ice at the time of the
second moraine, though generally keeping to the north of its
revious limit, reached its former extent in northwestern
time
ennsylvania, and united its dbris with that left at the
From the middle
of the greatest extension of the ice-sheet.
of Ohio, the younger moraine pursues an extraordinarily
sinuous course.
One of its most remarkable bends incloses
the southern half of Lake Michigan, which was the bed of a
Immediately to
great tongue of ice moving from the north.
the west of this loop there lies an extensive di'iftless area in
The course of the moraine bears
Wisconsin and Minnesota.
distinct witness to the independent direction of flow of the

the great ice-sheet.
It
glaciers that constituted
indentations and promontories across Wis
sweeps in vast
consin, Minnesota, and Iowa, forming probably the most
extensive moraine in the world, and strikes northwestward
through Dakota for at least 400 miles into the British Pos
united

sessions, where its further course has been partially traced.
The known portion of the moraine thus extends with a won
derful persistence of character for 3000 miles, reaching across
two-thirds of the breadth of the continent."
In the non-glaciated regions evidence of the presence and
influence of the ice-sheet is probably furnished by high allu
vial terraces, which could not have been formed under the
conditions of drainage.
From this kind of evidence
present
it is believed that when the ice-sheet crossed the Ohio River
near Cincinnati, it ponded back the drainage of the entire
40 T. 0. Chamberlin, "Preliminary Paper on the Terminal Moraine," Third
Ann. Rep. U. S. Geol. Survey, 1883.
Every student of glacial geology ought
Consult also 0. M.
to make himself familiar with this admirable summary.
F.
Wahnschaffe,
Zeitsch.
Deutsch. Geol.
49th
Parallel";
Dawson, "Report on
Soc.
1890,
Bull.
Geol.
Amer.
i.
Ges. 1892, p. 107; J. B. Tyrrell,
p. 395, de.
and
the
territories
of
scribes the terminal moraines in Manitoba
adjacent
N. W. Canada.
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water-basin of east Kentucky, southeast; Ohio, West Vir
ginia. and western Pennsylvania, up to a height of perhaps
1000 feet, forming a lake at that level.47
Similar indications
of a lake, caused by an. ice-darn ponding back the drainage,

are found at the head of the Red River in Minnesota."
The
largest sheet of fresh water which has left its records in that
It occupied the
region has been called "Lake Agassiz."
basin of the Red River of the North and Lake Winnipeg.

It is computed to have covered an area of 110,000 snare
miles, thus exceeding the total area of the five great existing

Michigan (22,450), Huron with
lakes-Superior (31,200),
Erie
Georgian Bay (23,800),
(9960), Ontario (7240), which
have a united area of 94,650 square miles."'
Many other
lakes,"
no
which
exist
because
their ice
"glacial
longer
barriers have disappeared, have been found scattered over
5°
Canada.
The deposits left by the ice-sheet within the limits of the
terminal

moraines so resemble those of Earope that no spe
cial description of them is required.
The lowest of them,
resting on ice-worn rocks, is a stiff, unstratified bowider
drift or till, full of polished and striated stones.
Occasional
intercalations of sand and clay, which at Portland, in Maine,
have yielded many existing species of marine organisms,
and in some places land-plants and fresh-water shells, sepa
rate the lower from an upper bowider-clay, which is looser,
and more gravelly and sandy than the older deposit, con
tains larger rough and angrnlar blocks, and has acquired a
yellow tint from the oxidizing influence of surface waters.
The bowiders vary up to 10 feet (sometimes even 40 feet) in.
diameter, and have seldom travelled more than 20 miles.
The bowider-clays over wide areas are distributed in lea.
ticular hills or drums from a few hundred feet to a mile in
length, from 25 to 200 feet high, and with a persistent
smoothness of outline and rounded'
As in Europe,
tops."'
the longer axes of these drums is generally
parallel with that
of the striation of the
underlying rocks.

41 H. Ci. LewL,
"Report on the Terminal Moraine," cited on p. 1724.
48 W.
Upharn, Proc. Amer. Assoc. xixii. 1883, p. 214.
For a full account of this vanished lake (now represented only by scat
tered sheets of water in the hollows of its basin), with its terraces, dunes,
deltas and other features, se W. Upliam, Rep. Geol. Surv. Canada, vol. iv.
for 1888-89.
°° W.
TJpharn, Bull. Geol. Soc. Amer. ii. 1891, p. 243.
' W.
Upham, Proc. Bost. Soc. Nat. lust. xxiv. 1889, p. 228.
See on Till,
W. 0. Crosby, op. cit. xxv. 1890, p. 115.
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At the height of the Ice Age there were large glaciers
in the Rocky Mountains, of which the small glaciers found
some years ago among the Wind River Mountains in Wyo
But though the
ming are some of the last lingering relics."
ice filled up the valleys to a depth of 1600 feet or more, and
which now remains in
transported vast quantities of detritus
bowiders, it never ad
prominent moraines and scattered
vanced into the plateau of the prairie country to the east.
Whether or not the glaciers at the north end of the Rocky
Mountains merged into and were turned aside by the south
Even far
ward-moving ice-sheet has still to be ascertained.
to the west, the Sierra Nevada nourished an important group
53
of
The
The loose deposits or drifts overlying the lower unstrati
fied bowlder.clay belong to the period of the melting of the
great ice-sheets, when large bodies of water, discharged
across the land, levelled down the heaps of detritus that
had formed below or in the under part of the ice.
This re
71 54
modelled drift has been called the "Champlain group.
Lower portions are sometimes unstratified or very rudely
stratified, while the upper parts are more or less perfectly
stratified.
Toward the eastern coasts, and along the valleys
penetrating from the sea into the land, these stratified beds

are of marine origin, and
that during the Champlain
grove
period there was a depression of the eastern part of Canada
and the United States beneath the sea, increasing in amount

northward. from a few feet in the south of New England to
more than 500 feet in Labrador.
The marine accumulations
are well developed. in eastern Canada, where the drift-depos
its show the following subdivisions:

Post-glacial accumulations.
Saxicava sand and gravel, often with transported bowl
ders (Upper Bowicler deposits, St. Maurice and Sorel
Sands).
Shallow-water boreal fauna, Saxicava rugo
sa, bones of whales, etc.
Upper Léda clay (and probably "Sangeen clay" of inland); clay and sanay clay with numerous marine
shells, which are the same as those now living in
52 F. V.
Hayden's Twelfth Report, U. S. Geol. and Geog. Survey of the
Territories.
13 3. Leconte, Amer. Journ. Sci. (3) ix. 1875, p. 126.
See Amer. Naturalist,
Mountains.
of
the
for
a
on
the
ancient
Rocky
1880,
glaciers
paper
See J. D. Dana. Amer. Journ. Sd. x. 1875, p. 168, xxvi. 1883, xxvii. 1884;
Wincheli, op. cit. xi. 16, p. 225.
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northern part of Gulf of St. Lawrence; also in some
districts fresh-water shells and plants!

Lower

Leda

clay, fine clay, often laminated., with a
few large travelled
bowiders (probably equivalent
to "Erie Clay" of inland; "Cihaiiplain Clay" Lower

Shell-sand of Beauport; contains Leda aretica, Tel
lina grcxnlandica; probably deposited in cold ice
laden water.

Bowlder-clay or Till; in the Lower St. Lawrence region
contains a few Arctic shells, but further inland is Unfossiliferous.
Peaty beds, marking pre-glacial land-surfaces.""
The Ldda clays rise to a height of 600 feet above the sea.
On the banks of the Ottawa, in Gloucester,
they contain
nodules which have been formed round organic bodies,
particularly the fish Mallotus villosus or ca peling of the
Lower St. Li.wrence.
Sir J. W. Dawson also obtained
numerous

of
terrestrial marsh-plants,
remains
grasses,
carices, mosses, and alga.
This writer states that about
100 species of marine invertebrates have been obtained
from. the clays of the St. Lawrence
All except
valley.
four or five species in the older part of the
deposits are
shells of the boreal or Arctic regions of the Atlantic; and
about half are found ilo in the glacial days of Britain.
The great majority are now
living in the Gulf of St. Law
rence and on neighboring coasts,
especially off Labrador.'
Terraces of marine origin occur both on the coast and far
inland.
On the coast of Maine
they appear at heights of
150 to 200 feet, round Lake Champlain at least a
high as
300 feet, and at Montreal
nearly 500 feet above the present
level of the sea.
In the absence of organic remains, how
ever, it is not always
possible to distinguish between ter
races of marine origin marking former
sea-margins, "aud
those left by the retirement of rivers and lakes.
In the
Bay of Fundy evidence has been cited by Dawson to prove
subsidence, for he has observed there a
submerged forest of
and
beech lying 25 feet below high-water mark-.""
pine
55 For a list of Canadian Pleistocene
plants see D. P. Peuhallow, Bull. Geol.
soc. Amer. i. 1890, p. 321.
11 J. W. Davson,
Supplement to "Acadian Geology," 1878; Canadian Natra1ist, vi. 1871; Geol. Mug. 1883, p. 111; Bull. Geol. Soc. Amer. i. 1890,
p. 311.
' Dawson,
"Acadian. Geology," p. 76.
On terraces of Lake Ontario see Amer. Journ. Sd.
(3) xxiv. p. 409.
'' "Acadian
Geology," p. 28.
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Inland, the stratified parts of the "Champlain group"
have been accumulated on the sides of rivers, and present
in great perfection the terrace character already (p. 669) de
The successive platforms or terraces mark the
scribed.
also
diminution of the streams.
They may be connected
with an intermittent uprise of the land, and are thus anal
Each uplift that
beaches.
ogous to sea-terraces or raised
increased the declivity of the rivers would augment their
rate of flow, and consequently their scour, so that they
Such
would be unable to reach their old
flood-plains.
evidences of diminution are almost universal among the

in the drift-covered, parts of North America, as i
valleys
Sometimes four or five plat
the similar.regions of Europe.
forms, the highest being 100 feet or more above the present
level of the river, may be seen rising above each other, as in
the well-known example of the Connecticut Valley.
The terraces are not, however, confined to river-valleys,
Thus, in the basin
but may be traced round many lakes.
of Lake Huron, deposits of fine sand and clay containing
fresh-water shells rise to a height of 40 feet or more above
the present level of the water, and run back from the shore
sometimes for 20 miles.
Regular terraces, corresponding to
former water-levels of the lake, run for miles along the

shores at heights of 120, 150, and 200 feet.
Shingle beaches
and mounds or ridges, exactly like those now in course of
formation along the exposed shores of Lake Huron, can be
U nfossilifer
recognized at heights of 60, 70, and 100 feet.

terraces occur abundantly on the margin of Lake Su
At one point mentioned by Logan, no fewer than
perior.
seven of these ancient beaches occur at intervals up to a
8°
heiht of 331 feet above the present level of the lake.
The' great abundance of terraces of fluviatile, lacustrine,
and marine origin led, as already stated, to the use of the
term "Terrace epoch" to designate the time when these re
markable topographical features were produced.
The cause
of the former higher levels of the water is a difficult prob
lem. In some cases it has doubtless arisen from dams formed
ous

by tongues of ice during the retreat of the ice-sheet.

India.-There is abundant evidence that at a late geologi
cal period glaciers descended from the southern slopes of
the Himalaya Mountains to a height of less than 3000 feet
above the present sea-level.
Large moraines are found in
60

Logan, "Geology of C:"wada," p. 910.
on Lake Shores cited ante, p. 680.

Consult also the paper by Gilbert
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and eastern Nepal between 7000
many valleys of Sikkim
and 8000 feet, and even down to 5000 feet, above sea-level.
In the western Himalayas perched blocks are found at 3000
feet, and in the Upper Punjab very large erratics have been
No traces of glaciation
observed at still lower elevations.
Besides the physical
have been detected in southern India.
evidence of refrigeration, the present facies and distribution
of the flora and fauna on the south side of the Himalaya
chain suggest the influence of a former cold period."'
Australasia.-The present glaciers of the New Zealand Alps
had a much greater extension at a recent geological period.
According to Sir J. Haast they descended into the plains,
and, on the west side of the island, probably advanced into
the sea, for along that coast-line their moraines now reach
the sea-margin; huge erratics stand up among the waves,
and the surf breaks far outside the shore-line, probably

upon a seaward extension of the moraines."
Captain Hut
ton, however, points out that there is no evidence from the
fauna of any general and serious refrigeration of the climate
He believes that the principal
during this glacier period."
part of the sub-tropical flora and fauna of New Zealand was
introduced before the Miocene period., and has flourished
ever since, and that any serious diminution of the tempera
ture of the islands would have exterminated all but the

more cold-loving species of plants and animals.
He main
tains that the cause of the former greater extension of the
glaciers is to be sought in the fact, of which there are other
independent proofs, that the land then stood at a far higher
level than it does at present, an additional 3000 to 4000 feet
being estimated to suffice for restoring the glaciers to their
former

maximum size.
He likewise adduces grounds for
believing that the glacier epoch (which he decines to re
gard. as a glacial epoch) in New Zealand dates back to a
much earlier time than the Ice Age of the northern hemi
sphere, probably to the Pliocene period.
To the Upper Pliocene and Pleistocene
periods are as
signed the wide terraced gravel-banks and alluvial flats
which occur in the main
valleys of Australia, and the
61 Medlicott and Blanford,
"Geology of India," p. 586.
69
"Geology of Canterbury and Westland," p. 371. This, however, as above
stated, is not admitted by Captain 1-lu tton (N. Zealand Journ. Sci. 1884).
68
See for a fuller statement of his views on
"Geology of Otago," p. 83.
this subject his address on the Origin of the Fauna and Flora of New Zealand,
N. Zealand Journ. Sd. 1884; also Proc. Linn. Soc. N. S. Wales, x. part 3.
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of the colonies form
great alluvial plains which in some
These deposits vary up to 300 feet
such marked features.
in depth, and are a great storehouse of alluvial gold.
They
concerned
may possibly indicate that a greater rainfall was
in their formation than now characterizes the same regions.
It the glaciers of New Zealand advanced into the sea, and
the great Antarctic ice-sheet ever crept north toward the
Australian shores, during some part of this cold period,
the rainfall may have been so augmented that the rivers
which they are now
spread out far beyond the limits within
Evidence indeed has been adduced in favor of
confined.
true glaciation in the Australian Alps. - What are described
as ice-worn surfaces have been observed on Mount Cobboras
at elevations of between 4000 and 6000 feet, and on Mount
Erratic blocks and mo
Kosciusko in New South Wales.
raines are likewise cited."'

Recent, Post-glacial or Human Period

Section ii

§ 1.

General

Characters

The long succession of Pleistocene ages shaded without
termed the Human
abrupt change of any kind into what is
or Recent Period."

The Ice Age, or Glacial Period, may

indeed

to

and

be

said

glaciers

still

have

exist in

disappeared

Europe.
from

The snow-fields

Britain,

France,

the

Vosges, and the ]larz, but they still linger among the Pyr
enees,

remain in larger mass among the Alps, and spread

over wide areas in northern Scandinavia.

This dovetailing

or overlapping of geological periods has been the rule from
the beginning of time, the apparently abrupt transitions in
the geological record being due to imperfections in the
chronicle.

1 J"
xxxv. 1886, p.
Stirling, Trans. Roy. Soc. V jet. 1884, p. 23; Nature,
182; Dr. von Lendenfeld, Proc. Linu. Soc. N. S. Wales, 1886, p. 45.
65 See for
"Pre
general information Lyoll's "Antiquity of Man," Lubbock's
Dawkins's
"Cave
historic Times," Evans's "kucient Stone Implements," Boyd
"Prehistoric Europe."
Hunting" and "Early Man In Britain," J. Geikie's
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The last of the long series of geological periods may be
subdivided into subordinate sections as follows:
Historic, 'up to the present time.
(Iron, Bronze and later Stone.
Prehistoric . Neolithic.
(Pakeolithic.
The

Human Period

is

above all

presence and. influence of man.

distinguished

by

the

It is difficult to determine

how far back the limit of the period should be placed.

The

question has often been asked whether man was coeval with
the

Ice Age.

To

give

an

answer,

we

must know within

what limits the term Ice Age is used, and to what particu
lar country or district the question refers.

For it is evident

that even to-day man is contemporary with the Ice Age in
the Alpine valleys and in Finmark.

There can be no doubt

that he inhabited Europe after the greatest extension of the
ice.

He

not

improbably

migrated

with the

animals

that

came from warmer climates into this continent during inter
glacial conditions.
again

But that he remained when the climate

became cold enough to freeze the rivers and permit

an Arctic

fauna

to

roam far south into Europe is proved

by the abundance of his flint implements in the thick river
gravels, into which they no doubt often fell through holes
in the ice as he was fishing.
The proofs of the existence of man in former geological
periods are not to be expected in the occurrence of his own
bodily remains, as in the case of other animals.
are

indeed

majority

of

now
cases

and
his

then

to

be

found,

former presence is

but

His bones
in

the

revealed by

vast
the

implements he has left behind him, formed of stone, metal,
or bone.

Many years ago

the

adopting the phraseology of

archologists

of

Denmark,

the Latin poets, classified the

early traces of man in three great divisions-the Stone Age,
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Bronze Age, and Iron Age.

There can be no doubt that,

on the whole, this has been

the general order of succession

in Europe, where men used stone and bone before they had
the

discovered
bronze
iron.

before

use

of

knew

they

Nevertheless,

introduction
countries
ries,

there

of

where
are

and

metal,

the

bronze

of

anything
use

and

metal has
districts

learned

of

where

the

to

obtain

metallurgy of

stone

long

survived

In

fact,

in

iron.
been

how

known

stone

the

European

for many

implements

centi

are

still

(

kt

41
I

Fig. 49.-Pa1olith1c Flint Implements.
employed, or where they wre in use until quite recently.
It

is

obvious also that, as

there are still barbarous

tribes

unacquainted with the fabrication of metal, the Stone Age
is not yet extinct in some parts of the world.
stance,
other.

In this in

we again see how geological periods run into each
The

material

or

shape

of

the

implement

cannot

therefore be always a very satisfactory proof of antiquity.
We must judge of it by the circumstances under which it
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From the fact that in northwestern Europe the

was found.

ruder kinds of stone weapons (Fig. 459) occur in what are
certainly
finished

the

older deposits,

workmanship

(Figs.

while others
462,

of

are

463)

more

found

highly
in

later

accumulations, the Stone Age has been subdivided into an
early or Paheolithic and a later or Neolithic epoch.
can

be

no

doubt,

however,

that

the

latter

There
in

was

great

measure coeval with the age of bronze, and even, to some
extent, with that of iron."
The deposits
Period
reous

are
tufa,

which

contain

river-alluvia,
loess,

the history of the Human

brick-earth,

lake-bottoms,

cavern-loam,

calca

sand-dunes,

peat-mosses,

and other superficial accumulations.
PALoLITHIc.7-Under this term are included those de
posits which have yielded

rudely-worked

flints of

human

workmanship associated with the remains of mammalia, some
of

which are

their remains
same

extinct,
have

mammalian

without

traces

while others

been

obtained.

remains

under

longer

and

be included

A

chronological

in

live

where

An association of
similar

of man, may be assigned

logical period,
satisfactory

no

the

conditions,

the
but

to the same geo

Palolithic series.

classification

of

the

deposits

68 The student
may profitably consult Sir Arthur Mitchell's "Past in the
Present,," 1880, for the warnings it contains as to the danger of deciding upon
the antiquity of an implement merely from its rudeness.
67 This term has been further subdivided into minor sections
according to
the degree of "finish" in the instruments and their presumed chronological
order. Thus, deposits containing the very rude type of worked flints found at
Chehles neat' Paris and at St. Acheul have been called Ohellean or Acheulian.
Those with implements like the scrapers of Moustier (Dordogne) have been
named Mousterian.
Those where the flints have been more deftly worked,
like the implements found at Solutré in Burgundy, have been called Solutrian;
while those which contain well-finished implements associated with carved bone
in ti ivory, as at the caves of La Madelaine (Prigord), have been called Magda
lenian. But this classification does not rest on the evidenc of superposition
uand is probably of little chronological value, though some weight may be at
tached to the presence of different mammals with the different types of instru
ment.
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containing
for

these

means

deposits

of

it contains

detached

conclusion

is

which the

drawn

because

it

agrees

with

the

present

there

lie

or

platforms

terraces

of

times up to a height of 80 or 100 feet.
fragments of

of

running

old alluvial

of

the

too often

water has

material

been

preconceptious.
alluvium,

subsequent

to clear out

be

no

period

doubt of

of

of

them

extinct

many

the

They have yielded

posits.
some

a

some

when

action

much of

the

River

To erode the valleys to so

great a depth beneath the level of the
demanded

the

then accumulated, so as to leave the

action is at the best but slow.

therefore

of

levels

valleys widened and deepened to their present form.

have

a

and therefore after

The

valleys.

fails

or

the river-gravels and barns laid down

excavation
the

because

These deposits are

the streams flowed at these elevations,
the

To assert

not,

yield, is

latter does

no

offer

a cavern-breccia,

older than

River-Alluvia.-Above
rivers,

and

areas

some bones which the latter does

some

show

in

determining their physical sequence.

that a brick-earth

to

man is perhaps unattainable

relics of
occur

GEOLOGY

high

upper alluvia must
There

centuries.
antiquity of

can

these de.

the remains of many mammals,

(Elephas

antiquus,

Hippopotamus

amp hibius, Rhinoceros megarhiuus-Merckii), together with
flint-flakes made by man.
some of

From the nature and structure of

the high-level gravels there can be little doubt that

they were formed at a time when the rivers, then possibly
larger

than

structed

now,

were

by accumulations

connect the deposits of
the

liable

the

of

to

be

ice.

Human

frozen
We

are

and

to be

thus

Period with

later phases of the Ice Age in the west of

ob

able

to

some

of

Europe.

Brick-Earths.-In some regions that have not been
below the sea for a long period, a variable accumulation o
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loam has been formed on the surface from the
decomposi
tion of the rocks in, situ, aided
by the drifting of fine par
ticles by wind and the gentle
washing action of rain and.
occasionally of streams.

Some of these brick-earths or barns

are of high antiquity, for
they have been buried under flu
viatile deposits which must have
rivers

flowed

far

traces

yielded

above

of

man

been laid down when the

their present
associated

levels.

with

have

They

bones

of

extinct

mammals.
Cavern

Deposi ts.-Most calcareous districts abound

in underground tunnels and caverns
solved

by the

Where

these

surface,
made

passage of
cavities

terrestrial

use

of

been washed

them
into

water from

have

of

The

with

man

including

places

them.

the surface (p.
623).

communicated

animals,
as

which have been dis

retreat,

the

outer

himself,

have

floors of

or have

fallen or

some of them are

covered with a reddish or brownish loam or cave-earth, re
sulting either from

the

insoluble

residue

of

the

rock left

behind by the water that dissolved out the caverns, or from.
the deposit of silt carried, by the water which in some cases
has certainly flowed through them.
posit of

stalagmite

the

above

has

cave-earth.

formed
Hence

Very commonly a de

from

the

admirably

(Jalcareous
springs
mains
early

have
of

the

human

in

various
and

inhabitants

more celebrated of

which

have been sealed

preserved.
Tufas.-The

flora

the roof

remains

any organic

may have found their way to these floors
up and

drip of

these

parts
fauna
of

deposits

of

Europe

of

calcareous

preserved
with

the

Among

the

contemporaneous

the

deposits

Continent.
are

those

re

of

Oannstadt

in W1rtemburg, which have yielded specimens of twenty
nine species of plants, consisting of oaks,

poplars, maples,
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walnuts

but

country,

La

and of

trees

other
with

of

in

Moret,

the

the

surrounding

extinct mammoth;

the

characters

Loess.-The physical

in

living

remains

the
near

Celle,

still

GEOLOGY

the Seine.

valley of
and

probable

Leolian

been already men
origin of this remarkable deposit having
tioned (p. 566), we may now consider it in

In central Europe it covers a

place in geological history.

coast at Sangatte, it

Beginning on the French

wide area.

the

sweeps eastward across
loam),

(Hesbayan

filling

reference to its

France and

north of

lower depressions

the

up

Belgium
of

the

Ardennes, passing far up the valleys of the Rhine and its
and

tributaries, the Nec kar, Main

Lahr;

Spreading across Upper Si

Upper Oder and the Vistula.
it

eastward

sweeps
Russia,

southern

Tschernosem

where

or

Hungary,

sweeping

far

of

above the sea.
manic

and,

2000

the
it

plains
the

Poland

substratum

extends

said,

4000

of

the

Roixmania,

where

even

and

Bohemia,

into

Transylvania and

Carpathians,

is

of

or

it

reaches

5000

feet

has not been observed on the low Ger

It

south

plains

It

Gallicia,

into

up

the

forms

black-earth.

Moravia,

heights

over
it

of

Saale, the

the Elbe above Meissen, the Weser, Mulde and

lesia,

those

likewise

of

the

Baltic,

nor

south

of

in

the

valleys (100 feet or more), it is not confined to them,

but

France

spreads

and

the

over

the

the uplands.
ground,
but

it

Alpine

plateaus

and

Though

rises

far

up

the

flanks

of

Near its edge, where it abuts against higher

contains

elsewhere

chain.

thickest

central

it

layers

or

preserves

a

patches

of

remarkable

angular

debris,

uniformity

of

texture.
The loess is sometimes found resting on gravels contain
ing remains of the mammoth.

It may be observed to shade

off into more recent alluvial accumulations.

It is probably
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during

longed period and at many different altitudes.

a

pro

The older

portions may not impossibly belong to the later part of the.
Glacial Period.
Though on the whole not rich in fossils,
the

loess,

has

a

yielded

peculiar fauna,

which

singularly
confirms Richthofen's view that the
deposit was a subaerial
one.

In the first place,

without

exception

of

the shells found in it are almost

terrestrial

Out

species.

of

211,968

specimens from the loess, of the Rhine, Braun found only
one brackish and three
fresh-water
,
a
forms, Liunta
l
and P
norbis, of which there were only 32

specimens in

all.

Of

the rest, there were 98,502 examples of two
species of Sue
an amphibious genus, and 113,434
specimens belong
ing to 25 species of Helix, Pupa, Clausilia, Bulimus, Limax
and

Vitrina-unquestionable terrestrial forms.

thy of note that Helices

It is wor

and Succineas abound at

present

in the steppe-regions of central Asia, and that
many of the
species

of

bess

mollusks

are

now

living

in

east

Russia,

southwest Siberia, and on-the prairies of the Little Missouri
in North America."
From

various parts of the European loess, Dr. Nehring

has described

a

remarkable

assemblage of animals,

which

included a jerboa (Alactaga jaculus), marmots (Spermophi
ins,

several species),

Arctomys

bobac,

tailless hare (Lago

mys pusillus),

numerous species of Arvicola, Cricetus fru

mentarius,

phoeus,

wild

C.

horses

excepting

and

some

porcupine

antelopes
extinct

or

(Hystrix

(Antilope
extirpated

with that which now lives in

hirsutirostris),

saiga).
species,

This
is

fauna,

identical

the southeast European and

68 7eitsch. für die
gesammt. Naturwiss. xl. p. 45, as quoted by H. H.
Howortli, Geol. Mag. 1882, p. 14.
69 A.
Nehring, Geol. Mag, 1883, p. 5; Neues Jahrb. 1889,1:). 66.
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these

distinctively
remains

numerous

contains

of

the mammoth and. woolly rhinoceros, likewise bones of the
It has also yielded flint

musk-sheep, hare, wolf, stoat, etc.

The bones of man him

implements of Paheolithic types.
self

were

claimed

many years ago by Arni

Bou

to have

been found in the loess, and his opinion has been in some
measure strengthened by more recent observations.
of

The origin
rise

to

It has been

discussion.

much

writers as the deposit of

fineness

pected,

of

grain,

The remarkably un

the loess as a
the general

except along its margin,
its

absence

of

its uniformity
of

coarse

the

lacustrine

it

have

shells,

been

seem

laid

to

down

underlying

prove
by

frag

be ex

they might

and the almost total absence

flu.viatile or

cannot

whole,

where

singular independence

tour of the ground,

that

by others

by others as a sediment washed over the surface

stratified character of

ments,

some

discharged from melting

of the land by an abundant rainfall.

in

lakes;

given

by

regarded

a vast series of

as the mud left by swollen rivers
ice-fields;

has

loess is a problem which

the

con

in it

of

conclusively

rivers

or

lakes.

On the other hand, its internal composition, the thoroughly
oxidized condition of its ferruginou.s constituent, its distri
bution,

and

the striking

character

of

its

incbosed

organic

remains, point to its having been accumulated in the open
air, probably in circumstances similar to those which now
prevail in the dry steppe regions of the globe.
to mark some arid interval
Period

had.

after the

passed away, when, while

It appears

height of the Glacial
the climate still re

mained cold and the Arctic fauna had not entirely retreated
&0

Nehring, op. cit. p. 51, whore a reference to this author's numerous
memoirs on the subject will be found.
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and

dusty

steppes

swept

across the heart of Europe and Asia."
Palaolithic
found

in

Fauna. -The

Palaeolithic

deposits

are

ture of forms from warmer and
that
been

already

inferred,

themselves
one

noted

hand,

indeed,

referable
we

meet

the

among

that

to
with

remains

remarkable for a mix

colder latitudes similar to
interglacial

the

beds.

Paheolithic

interglacial
a

mammalian

It

has

gravels

are

On

the

conditions.

number of

species of

warmer

Fig. 460.-Antler of Reindeer (,\) found at Bilney Moor, East Dereham, Norfolk,
habitat,

as

the

lion,

and caffer cat; and,

hy2ena,

hippopotamus,

in the loess,

lynx,

leopard

the assemblage of forms

above referred to as that which still characterizes the. warm
dry steppes of southeastern Europe and

southern Siberia.

" The views
propounded by Riehthofen for the loess of China and applied
to
that
of Europe have been widely adopted by geologists (see, for
by Nehring
P.
F.
Jamioson,
Geol. Mag. 1890, P. 70). But they have not been
example,
received,
some
universally
geologists contending that water in different ways
See J. Geikie, "Prehistoric
has been concerned in the formation of the loess.
Address
to
Geol. Sect.; WhnschaffeT
Europe," p. 244; Rep. Brit. Assoc. 1889:
1886,
Zeitsch. Deutseh. Geol. Gee. xxxviii.
p. 533; F. Sacco, Bull. Soc. Geol.
Frane, xvi. 1887; p. 229.
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But, on the other hand, a large number of
as

such

northern,

the

reindeer

(Canis lagopus),

tarandus),

(Cervus

Arctic

luscus),

(Gab

glutton

forms are

the

fox

Alpine hare

(Lepas variabilis), Norwegian lemming (Myodes torquatus),
Arctic lemming (M. lemmas,
mys marmotta),

Russian

marmot (Arcto

M. obensis),

vole

(Arvicola

musk

ratticeps),

There
sheep (Oribus moschatus), snowy-owl (Stryx nyctea).
is likewise a proportion of now wholly extinct animals,
which include the Irish elk (Oervus' giganteus or Megaceros
E.

hibernicus), Elephas primigenius (mammoth),

antiquus,

Rhinoceros megarhinus, R. antiquitatis (tichorhinus) (woolly
rhinoceros), R. leptorhinus and cave-bear (Ursus speheus).
The Palaeolithic fauna has been divided into three sections,
each supposed to correspond with a distinct period of time:
1st,

the Age of Elephus antiquus,

with

which species are

associated Rhinoceros megarhinus (Merckii) and Hippopota
mus
with
3d,

amphibius
the

woolly

The Age

2d,

(major).

of

The

rhinoceros,
the

Age of

cave-bear

reindeer,

when

and

that

in great numbers across central

Europe.

stated,

such

subdivisions

are

admittedly

should

only

be

provisional

parison

of

of

used

deposits

as

which

cannot

be

the

mammoth,

cave-hyena.

animal
But,

passed

as already

artificial,

aids

in

tested

the

by

the

and
com
law

superposition.
That man was contemporary with these various extinct

animals is proved by the frequent occurrence of undoubtedly
human implements, formed of roughly chipped flints, etc.,
associated with their bones.

Much more rarely, portions of

human skeletons have been recovered from the same depos
its.

The men of the time appear to have camped in rock

shelters

and

hunting

the reindeer,

caves,

and to

have

bison,

lived

horse,

by

fishing

mammoth,

and by

rhinoceros,
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That they were not without

shown

by

the

vigorous

incised

I
4a al

41
o bo CS

I

sketches and carvings which they have left behind on rein.
deer antlers,

mammoth tusks

(Fig..

461,

and. other bones,
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with which they were daily familiar.
depicting the animals
Some of these drawings are especially valuable, as they rep
resent forms of life long ago extinct, such as the mammoth
The men who in Pa1o1ithic time inhabited

and cave-bear.

the caves of Europe must have had much similarity, if not
actual kinship, to the modern Eskimos.
NEOLITHIC.-The deposits

whence the

history of

lithic

man is compiled must vary widely in age.

them

were

doubt

no

contemporaneous

with

Neo

Some of
of

parts

the

(

-

-

-

"

.---

..,,-. ;.
./

.-

. -'

Fig. 462.-Neolithic Stone Implement.
Palaeolithic series, others with the Bronze and Iron series
They

consist

of

cavern

deposits,

alluvial

accumulations,

mounds.
peat-mosses, lake-bottoms, pile-dwellings, and shell
The

list

of

mammals,

etc.,

inhabiting

Europe

Neolithic is distinguished from that of Paleo1ithic

during
time by

he absence of the mammoth, woolly rhinoceros, and other
extinct types, which appear to have meanwhile died out i
Europe..

The only form now extinct which appears to have

survived into Neolithic time was the Irish elk, which may
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late

comparatively

date"

The general assemblage of animals was probably much what
it

during the period

has been

of history,

but with a few

forms which have disappeared from most of Europe either
within or shortly before the historic period, such as the rein
deer,

elk,

urns,

and beaver.

grizzly bear, brown bear,

wolf, wild boar,

But besides these wild animals there are re-

-'
0
6

d

(

U

Fig. 468.-Neolithic Implements.
a, Stone axe-head (i); b, Barbed flint arrow-head (natural size); c, Roughly-chipped
flint colt (}); ci, Polished cdt (), with part of its original wooden hand still attached,
found in a peat-bog, Cumberland; e Bone-needle (natural size), Swiss Lake Dwell
ings; a, b, c, ci, reduced from Sir J. vans's "Ancient Stone Implements."
mains of domesticated forms introduced by the race
supplanted the Paheolithic tribes.
sheep, goat, shorthorn, and hog.

which

These are the dog, horse,
It is noteworthy that these

domestic forms were not parts of the indigenous fauna of
Europe.

They

appear

at

once

in

the

Neolithic

deposits,

leading to the inference that they were introduced by the
human tribes which now migrated,

probably from

Asia, into the European continent.

These tribes were like-

12 Gaol.
Mag. 1881, p. 34; Nature, xxvi. p. 246.

Central
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wise acquainted with agriculture, for several kinds of grain,
as seeds of fruits, have been found in their lake.

as well

dwellings; and the deduction has been drawn from these re.
mans that the plants must have been brought from southern
Europe or Asia.
tery-making
skeletons and

were

The arts of spinning,
also

bones

known

to

these

weaving, and pot.
people.

Unman

belonging to this age have been met

with abundantly in barrows and peat-mosses, and indicate
that Neolithic man was of small stature, with a long or oval
skull.
The history of the Bronze and Iron Ages in Europe is
told in great fulness, but belongs more fittingly to the do
main of the archoologist, who claims as his proper field of
research the history of man upon

the globe.

The remains

from which the record of these ages is compiled are objects
of

human manufacture,

etc., and.

graves,

cairns,

sculptured

stones,

their relative dates have in most cases to be de

cided, not upon geological, but upon archological grounds.
When the sequence of human
order in

relics can be shown by the

which they have been successively entombed, the

inquiry is strictly geological, and the reasoning is as logical
and

trustworthy as in the case of any other kind of fossils.

Where, on the other hand, as so often happens, the
question
of antiquity has to be decided solely by relative finish and
artistic

character

of

workmanship,

it

must

be

left to

the

experienced antiquary.
§ 2.

Local

Development

few examples of the nature of the deposits of the
Palaeolithic and Neolithic series will suffice to show the gen
eral character of the evidence which they supply.
A

Britain. -Pal eolithic deposits are absent from the north
of England and from Ssiotland.
They occur in the south o
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In that
England, and notably in the valley of the Thames.
district, a series of brick-earths with intercalated bands of
river-gravel, having a united thickness of more than 25 feet,

is overlain with a remarkable bed of clay, loam, and gravel
("trail"), three feet or more in thickness, which in its con
torted bedding and large angular blocks probably bears wit
ness to its having been accumulated during a time of float
The strata below this presumably glacial deposit
ing ice.
have yielded a remarkable number of mammalian bones,
among which have been found undoubted human imple
ments of chipped. flint.
The species include Rhinoceros
us,
B.
leptorhin
antiquitatis (tichorhinus), B. megarhinus,

Elephas antiquus, E. primigenius, Cervus giganteus (Mega
ceros hibernicus, Felis leo, Hyana crocuta, Ursus ferox,
U.
aretos, Ovibos mosehatus, Hippopotamus am phibius
(major), and. present another example of the mingling of
northern

with

southern,

and

of

extinct with still living
forms, as well as of species which have long disappeared
from Britain with others still indigenous.
Other ancient
alluvia, far above the present levels of the rivers, have like
wise furnished similar evidence that man continued to be
the contemporary in England of the northern rhinoceros and
mammoth, the reindeer, grizzly bear, brown bear, Irish elk,
hippopotamus, lion, and hyna.
The caverns in the Devonian, Carboniferous, and
Mag
nesian limestones of England. have yielded abundant relics
of the same prehistoric fauna, with associated traces of Palao
lithic man.
In some of these places, the lowest deposit on
the floor contains rude flint implements of the same type as
those found in the oldest river-gravels, while others of a

more finished kind, occur in overlying deposits, whence the
inference has been drawn that the caverns were first tenanted.

by a savage race of extreme rudeness, and afterward by men
who had made some advance in the arts of life.
The asso
ciation of bones shows that when man had for a time retired,
some of these caves became

hyena dens.
ilyarna bones in
great numbers have been found in them (remains of no fewer
than 300 individuals were taken out of the Kirk-dale cave),
with abundant gnawed bones of other animals on which the
Holes in
hynas preyed, and quantities of their excrement.
the limestone opening to the surface (sinks, swallow-holes)
have likewise become
receptacles for the remains of many
generations of animals which fell into them by accident, or
crawled into them to die.
In a fissure of the limestone near
Castleton,
Derbyshire, from a space measuring only 26 by 18
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feet, no fewer than 6800 bones, teeth, or fragments of bone
were obtained, chiefly bison and reindeer, with bears, wolves,
foxes, and hares.
Fume.-It was in the valley of the Somme, near Abbe.
made which led th
vile, that the first observations were
of man upo.t
way to the recognition of the high antiquity
the earth.
That valley has been eroded out of the Chalk
which rises to a height of from 200 to 300 feet above the
allu.
modern river.
Along its sides, far above the present
vial plain, are ancient terraces of gravel and loam, formed
The lower
at a time when the river flowed at higher levels.
terrace of gravel, with a covering of flood-loam, ranges
from 20 to 40 feet in thickness, while the higher bed is
about 30 feet.
Since their formation, the Somme has eroded
its channel down to its present bottom, and may have also
diminished in volume, while the terraces have, during the
Flint
interval, here and there suffered from denudation.
and i.
implements have been obtained from both terraces,
bones of mammoth, rhi
great numbers, associated with
noceros and other extinct mammals (p. 1718).
The caverns of the Dordogne and other regions of the
south of France have yielded abundant and varied evidence
of the coexistence of man with the reindeer and other

animals either wholly extinct or no longer indigenous.
So numerous in particular are the reindeer remains, and
so intimate the association. of traces of man with them,
that the term "Reindeer perod" has been proposed for the
section of prehistoric time to which these interesting relics
The art displayed in the implements found in the
belong.
caverns appears to indicate a considerable advance on that
Some of the pictures
of the chipped flints of the Somme.
of reindeer and mammoths, incised on bones of these ani
mals, are singularly spirited (Fig. 461).
Cermany.-From various caverns, particularly in the dolomite of Franconia (Muggendorf, Gailenreuth) and in the
Devonian limestone of Westphalia and Rhineland, remains
of extinct mammals have been obtained, sometimes in great
numbers, including cave-bear (of which the remains of 800
individuals have been taken out of the Gailenreuth cave),
hyna, lion,

rhinoceros, and others.

From

the

cavern

of

The reindeer has yet
Boyd Dawkin, "Early Man in Britain," p. 188.
caverns
as in those of South
in
abundance
in
the
such
not been found
English
ern France.
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remains of elephants, rhinoceroses,
]E[ohlefels in Swabia
horses,
reindeer, antelopes,
cave-bears and other animals
been
found,
with
have
together
interesting proofs of the
contemporaneity of man, in the form of rude flint imple
ments, axes of hone, or teeth and bones which he had bored
At Schassenried in
through or split open for their marrow.
the Swabian Baulgan, not far from the Lake of Constance,
beneath a deposit of calcareous tufa inclosing land-shells,
there is a
bed containing Arctic and Alpine mosses,
peaty
together with abundant remains of reindeer, also bones of
the glutton, Arctic fox, brown fox, polar bear, lr:rse, etc.
While this truly Arctic assemblage of animals lived near
the foot of the Alps, man also was their
contemporary, as
is shown by the
presence, in the same deposit, of his flint
implements, stones that have been blackened by fire, bones
of the reindeer and horse that have been broken
open for
their marrow, needles of wood and bone, and balls of red
pigment probably used for painting his body."

Switzerland.-The lakes of Switzerland, as well as those of
most other countries in Europe, have
yielded. in consider
able numbers the relics of Neolithic man.
Dwellings con
structed of piles were built in the water out of arrow-shot
from the shore.
from destruction by fire,
Partly
partly from
successive reconstruction, the bottom of the water at these
places is strewn with a thick accumulation of dbris, from
which vast numbers of relics of the old
population have
been recovered,
much
of
their mode of life.""
revealing
Some of these settlements
date far back beyond
probably
the beginning of the historic
Others belong to the
period.
Bronze, and to the Iron
But the same site would no
Age.
doubt be used for many
generations, so that successive
layers of relics of progressively later age would be de
It is believed that in some
posited on the lake-bottom.
cases the lacustririe
dwellings were still used in the first
of
our
era.
century,
Denmark.-The shell-mounds
(Kjkken-mSdding), from 3
to 10 feet high, and sometimes 1000 feet
long, heaped up on
various parts of the Danish coast-line, mark settlements
of the Neolithic
age.
They are made up of refuse, chiefly
shells of mussels, cockles,
oysters, and periwinkles, mingled
with bones of the
herring, cod, eel, flounder, great auk,
" 0. Fraaa, Archly Mr
Anthropologie, Brunswick, 1861.
76 Keller's
"Lake Dwellings of Switzerland."
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wild duck, goose, wild swan, capercailzie, stag, roe, wild
boar, urns, lynx, wolf, wild cat, bear, seal, porpoise, dog,
horn, or wood, frag
etc., with human tools of stone, bone,
ments of rude pottery, charcoal, and cinders.
The Banish peat-mosses have likewise furnished relics
of the early human races in that region: they are from 20 to
30 feet thick, the lower portion containing remains of Scotch
This tree
fir (Pinus sylvestris) and Neolithic implements.
has never been indigenous in the country within the his
A higher layer of the peat contains remains
toric period.
of the common oat- with bronze implements, while at the
and weapons of iron."
top come the beech-tree
America. -Prehistoric deposits are essentially the
In North America,
same on both sides of the Atlantic.
as in Europe, no very definite lines can be drawn within
which they should be confined.
They cannot be sharply
on the one hand, nor
separated from the Champlain series
Besides the
from modern accumulations on the other.
marshes, peat-bogs, and other organic deposits which be
of America,
long to an early period in the human occupation
some of the younger alluvia of the river-valleys and lakes
can no doubt claim a high antiquity, though they have not
of early man which
supplied the same copious evidence
the
corresponding European
gives so much interest to
formations.
From the peat-bogs of the eastern States, and
from the older alluvium of the Missouri River, the remains
North

There have
of the gigantic mastodon have been obtained.
likewise been found bones of reindeer, elk, bison, beaver,
horse (six species), lion and bear; while southward those of
extinct sloths (Mylodon, Megatherium) make their appear
ance.
In California, from the deep auriferous gravels re
mains of mastodon and other extinct animals have been
met with, also human bones, stone spear-heads, mortars and
other implements.
Prof. Whitney has described the famous
Calaveras skull as occurring at a depth of 120 feet in un
disturbed gravel which is covered with a sheet of basalt."
like those of Denmark,
Heaps of shells of edible species,
The large
occur on the coasts of Nova Scotia, Maine, etc.
16 See Steenstrup on "Kjökken Möddinger"; 1 athorat, Nature, 1889, p. 453.
" Mem. Mus. Compar. Zoo!. Harvard, vi. 1880.
But the age of this relic is
the subject of dispute. The evidence adduced in support of the great antiquity
of man in America, and his contemporaneity with the Mastodon and other ex
tinct animals, is summarized by the Marquis de Nadaillac in his "L'Amérlque
Prehistorique" (translated by N. d'Anvers, 1885).
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of artificial origin in the Mississippi valley have
excited much attention.
The early archology of these
regions is full of interest.
In South America, the barns of the Pampas have fur
mounds

nished

abundant

todons,

wolves,

remains

of

horses,

tapirs, lamas, mas
with gigantic extinct sloths and

panthers,
armadilloes (Megatherium, Glyptodon).'8

Australasia.-No line can be drawn in this region between
accumulations of the present time and those which have
been called Pleistocene.
The modern alluvia have been
formed

under similar conditions to those under which the
older alluvia were laid down, though possibly with some
differences of climate.
In New South Wales, ossiferous

caverns

contain

mentioned

on

bones

of

the

extinct

marsupial animals
with those of some of the

p. 1676, mingled
which
are
still living in the same places.
In one
species
in
the
same colony, in sinking a well, teeth of croc
locality
odiles were found with bones of Diprotodon, etc. No human
remains have yet been found associated with those of the ex
tinct animals; but a stone hatchet was taken out of alluvium
at a depth of 14 feet-79
In New Zealand, the

most

interesting feature
accumulations is the presence

in

the

of the
younger geological
bones of the large bird Dinornis, which has become extinct
since the Maoris peopled the islands.
The evidences of
the human occupation of the
country are confined to the
surface-soil, shelter-caves, and sand-dunes."

'78 See Florentino
Ameghno, 'La Aniiquedad del flombre en el Plata"
a
where
good account of the Pampas country will be found.
'7 0. S. Wilkinson, "Notes on
of New South Wales, 1881" p.
80 Hector, "Handbook of New Geology
Zeala.id," p. 2L.
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investigation of the geological history of a country
AN
that

involves two distinct lines of inquiry.
consider the

underlie the

nature

surface,

and
with

We may first

arrangement of
a

view

to

the

rocks

ascertain

from

them the successive changes in physical geography and in
plant and

animal

life

But

which they chronicle.

besides

the story of the rocks, we may try to trace that of the sur
face itself-the origin and vicissitudes of the mountains and
plains,

valleys and

which

have

quiries

ravines,

been formed

traced

backward

passes, and

peaks,
of

out

the rocks.

merge into

lake-basins

The

two

in

but they

each other;

become more and more distinct as they are pursued toward
later

times.

It

is

obvious,

for

instance,

that

a

mass

of

marine limestone which rises into groups of hills, trenched
by

river-gorges

and

traversed

sharply contrasted pictures to

by

the

valleys,
mind.

presents

two

Looked at from

the side of its origin, the rock brings before us a sea-bottom
over which

the relics of generations of a luxuriant marine

calcareous fauna

accumulated.

We

may be able to trace

its organic contents, and
every bed, to mark with precision
to establish the zoological succession of which these super
imposed sea-bottoms are the records.

But we may be quite

unable to explain how such sea-formed limestone came to
stand

as

it now

does,

here

towering into

hills and there
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sinking into valleys.

The

one

the history of their present scenery

subject of

study;

rocks and

their contents

form

forms another.
The

branch of geological inquiry which deals with the

evolution of the existing contours of the dry land is termed
To be able to pursue it profit

Physiographical Geology.

ably, some acquaintance with all the other branches of the
science is requisite.

Hence its consideration

has been re

served

for this final division of the present work; but only

a rapid

summary can be attempted here.

At

the

stated.

outset

or

two

fundamental

It is evident that the materials of

of the dry land
sea.

one

have been laid

facts

may

be

the greater part

down upon the floor of the

That they now not only rise above the sea-level, but

sweep upward into the crests of lofty mountains, can only
be explained

by displacement.

Thus the land owes its ex

istence mainly to upheaval of the terrestrial crust, though
it may have been to some extent increased and diminished
by other causes (ante, pp. 479, 494.

The same sedimentary

materials which demonstrate the fact of displacement, afford
an indication of its nature and amount.
in

down

wide

sheets

on

the

Having been laid

sea-bottom,

they

must

have

been originally, on the whole, level or at least only gently
inclined.
tion

Any

must

serious

departure

from

the

of

therefore be

stratification

forms a

effect

this

original

posi

displacement, so that

kind of datum-line from

which such

effects may be measured.
Further, it is not less apparent that sedimentary rocks,
besides having suffered from disturbance. of the crust, have
undergone

extensive

they remain
valleys.

denudation.

horizontal, they

have

Even
been

in

tracts

carved into

where
wide

Their detached outliers stand out upon. the plains
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Where, on the

removed.

been

other hand, they have been thrown into inclined positions,
to the
the truncation of their strata at the surface points
Here, again, the lines of strati

same universal degradation.
fication

be

may

measure

to

as datum-lines

used

approxi

rock which has been worn away.
mately the amount of
While, therefore, it is true that, taken as a whole, the
of the globe owes its

dry land
less

not

true

that

its

present

existence to upheaval, it is
are due largely to

contours

These two antagonistic forms of geological energy

erosion.

have been at work from the earliest times, and the existing
the result of their com

land with all its varied scenery is
bined

operation.

task.

Upheaval

of

marble,

but

Each

has
it

has, as

had

were,

characteristic

the

raised

has carved

erosion

own

its

that

block

rough

into

block

the

graceful statue.
The very rocks of which the land is built up bear wit
ness to this intimate co-operation of hypogene and epigene
The younger stratified

agency.
a

extent

large

derived

from

formations

the

waste

been

have

of the

older,

to
the

same mineral ingredients being used over and over again.
This

could

whereby

not

the

have

happened but

sedimentary

for

repeated
of

accumulations

the

uplifts,
sea-floor

were brought within reach of the denuding agents.

More

over, the internal characters of these formations point
mistakably

to

deposition

in

comparatively shallow

un

water.

Their abundant intercalations of fine and coarse materials,
their

constant variety

cracks,

ripple-marks,

numerous
faces,

mineral

rain-pittings,

their

sun.

worm-tracks,

their

composition,
and

unconformabilities and traces

together

contents,

of

with

combine

to

the

prevalent

demonstrate

of

facies
that

of

the

terrestrial sur
their organic
main

mass of
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the sedimentary rocks of the earth's crust was accumulated
close to land, and that no trace of really abysmal deposits
is to be found among them.
are led

up to

the

From these considerations we

conclusion that the

present continental

areas must have been terrestrial regions of the earth's sure
face from a remote geological period.

Subject to repeated

oscillations, so that one tract after another has disappeared
and reappeared from beneath the sea, the continents, though
constantly varying in shape and
maintained

their individuality.

that the existing

size, have yet, I
We

may

infer,

believe,
likewise,

ocean-basins have probably always

been

the great depressions of the earth's surface.'
Geologists are now generally agreed that it is mainly to
the effects of the secular contraction of our planet that the
deformations
to

and

be traced.

dislocations

The cool

outer

of

the

shell

terrestrial

crust

are

has sunk down upon

the more rapidly contracting hot nucleus, and the enormous
lateral compression thereby produced has thrown the crust
into undulations, and even into the most complicated corru
gations.2

Hence, in the places where the crust has yielded

to the pressure, it mast have been thickened, being folded
or pushed over itself, or being perhaps thrown into double
bulges,

one

portion

of

which

rises

into the air, while the

' See J. D. Dana, Amer. Journ. Sd.
(2) ii. 1846, p. 352; "Geology" in
"Wilkes' Exploring Expedition," 1849; Amer. Journ. Sd. (2) xxii. 1856;
"Manual of Geology," 1863, 2d edit. 1874, 3d edit. 1880; Darwin,
"Origin
of Species," 1st edit. p. 343; L. Agassiz, Bull. Mus. Comp. Zool. 1869; vol. i.
No. 13; J. D. Whitney, Mem. Mus. Comp. Zool. Harvard, vii. No. 2, p. 210. See
also Proc. Roy. Geograph. Soc. new 8cr. i. 1879, p. 422. The contrary view that
land and sea have continually changed places over the surface of the globe was
held by Ly-eIl, and is still maintained by some geologists. For a statement of
geological evidence in favor of this interchange of terrestrial and marine areas
the student may consult the memoirs of the late Prof. Neumayr, cited on
p. 1477.
The Rev. 0. Fisher in his "Physics of the Earth's Crust," maintains that
the secular contraction of a solid globe through mere cooling will not account
for the observed phenomena.
See ante, p. 105.
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corresponding

portion

descends

into

the

Mr.

interior.

bulging of the lighter

Fisher believes that this downward

materials of the crust into a heavier substratum underneath
the great mountain. uplifts of the surface is indicated by the
observed diminution in the normal rate of augmentation of
the lessened
earth-temperature beneath mountains,' and by
deflection of the plumb-line in the same regions.
The close connection between upheaval and denudation
on the one hand and depression and deposition on the other
has often been remarked, and striking examples of it have
been gathered from all parts of the world.

highest parts of a mountain

fact that along the central and
chain, the

oldest strata

have

moval

an

thickness

same

of

region

longed

enormous
still

remains

denudation.

been

high

been

laid
of

bare

after the

re

later deposits.

The

even

pro

ground,

after

Again, in areas where thick accumu

lations of sedimentary material
always

It is a familiar

contemporaneous

have taken place, there has
subsidence.

So

close

and

constant is this relationship as to have suggested the belief
that
while

denudation by unloading
deposition

by

loading

the crust

allows

it

it

causes

to

it to
sink

rise,
(ante,

pp. 500, 501).
It is evident that in the results of

terrestrial contraction

on the surface of the whole planet, subsidence must always
have been in excess of upheaval-that, in fact, upheaval has
only occurred locally over areas where portions of the crust
have been ridged

up by the enormous tangential

thrust of

' The rate observed in the Mont Cenis and Mont St. Gothard tunnels was
about 10 Fahr. for every 100 feet, or only about half the usual rate.
' This belief has been forcibly urged by American geologists who have
studied the structure of the Western Territories. See especially the geological
Reports of Mr. Clarence King, Major Powell and Captain Dutton; also Mr. P.
Mellard Reade's "Origin of Mountain-Ranges," and Phil. Mag. June, 1891.
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which

have

thus

been, as it were, squeezed out under the strain of contrac
tion have been weaker parts of the crust, and have usually
been made use
They

form

Thus,

the

of again

and again during geological time.

the terrestrial
continents as

regions

of

the

earth's

surface.

now find them are the result

we

of many successive uplifts, corresponding
comitant depressions of the ocean bed.

probably to con

In the long process

of contraction, the earth has not contracted

uniformly and

equably.

There have

been, no doubt, vast periods during

which

appreciable

or

no

ments took place;

only

but there

excessively

gradual

move

have probably also been inter

vals when the accumulated strain on the crust found relief
in more or less rapid collapse.
The

general

result

of such terrestrial disturbances

been to throw the crust of

the earth into

wave-like undu

lations.

In some cases, a wide area has been

a

low

broad

level

arch,

with
of

stratification

ly, the

its

the

of

rocks.

upheaved as
the

original

More

usual

impressed as more sensible

crust, varying in magnitude from the

roll
gentlest appreciable
plicated plication,

disturbance

component

have been

undulations

deformations of

little

has

up to

mountainous crests of com

inversion, and fracture.

As a rule, the

undulations have been linear, but their direction has varied
from time to time, having been determined at right angles,
or approximately so, to the trend of the lateral pressure that
As the crust has thickened, and in conse
produced them.
to it by successive subsid
quence of the structure imparted
ences, certain tracts even of the [and
or less

immobility,

and have

served

have
as

acquired

buttresses against

which surrounding areas have been pressed and
by subsequent movements.

more

dislocated

Suess has pointed out various
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areas of the earth's surface, named by him "ilorsta," which
seem to have served this purpose in the genera! rupture and
subsidence of the terrestrial crust.
Considered with reference to their mode of production,
the leading contours of a land-surface may be grouped

as

Those which are due more or less directly to dis

follows: 1.

turbance of the crust.
volcanic action.

Those which have been formed by

2.

Those which are the result of denuda

3.

tion.6
1.

Terrestrial

Features

more

or

less

Disturbance of the Crust.-In some

directly to

areas of stratified

regions, large

due

rocks have been raised up

with so little trace of curvature that they seem to the eye to
extend

in

horizontal

sheets as wide

or

plains

table-lands

If, however, these areas can be followed sufficiently far, the
flat

strata are

eventually

found

to

curve

down

rapidly, or to be truncated by dislocations.

slowly or

In an elevated

region of this kind,.the general level of the ground corre
sponds, on the whole, with the planes of stratification of the
rocks.

Vast regions of Western America, where Cretaceous

and later strata extend in nearly horizontal sheets for thou.
sands of square miles at heights of 4000 feet or more above
the sea, may be taken as illustrations of this structure.
As a rule, curvature is more or less distinctly traceable
in every region of uplifted rocks.

Various types of flexure

may be noticed, of which the following are some of the more
important:
(a) Monoclinal
markedly
large

in

broad

Flexures

broad
uplifts,

(p.

896).-These

plateau-regions
as

in

and

on

the table-lands of

occur

the

most

flanks

Utah,

of

Wyo.

For a sketch of the physiography of the British Isles see Nature, xxix.
1884, pp. 325, 347, 396, 419, 442.
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They are frequently replaced by faults, of which

indeed they may be regarded as an incipient stage (p. 916).
(b) Symmetrical Flexures, where the strata are inclined on
the two sides of the
angle,

axis at the same or

may be low gentle undulations,

nearly the

same

or may increase in

steepness till they become short sharp curves.

Admirable

illustrations of different degrees of inclination may be seen
in the ranges of the Jura

(Fig. 464) and the Appalachians

(Fig. 246), where the influence of this structure of the rocks
on external scenery may be instructively studied.

in many

instances, each anticline forms a long ridge, and each syn
cline runs as a corresponding and parallel valley.
SE.
OBNBINOEN.

BALLSTH.IU...

MU1sTEr

It will

R.AMCVX.

Fig. 464.-Symmetrical Flexures of Swiss Jura
(the ridges coinciding with anticlines and the valleys with synclines).
usually be observed, however, that the surface of the ground
does not strictly conform,-for more than a short distance, to
the

surface

of

any one

bed;

bat

that, on

the contrary, it

passes across the edges of successive beds,

as in Fig. 464.

This relation-so striking.a proof of the extent to which the
surface of the land has suffered from
denudation-may be
followed through successive phases until the
original super
ficial contours are exactly reversed, the ridges
running along
the lines of syncline and the valleys
along the lines of anti
dine (Figs. 244, 245).

Among the older rocks of the earth's

crust which have been
exposed alike to curvature and pro
longed

denudation,

this

reversal may be considered to be

6 On the
geology of the Jura see 0. Olerc, "Le Jura," Paris, 1888; G. Boyer,
"Remarques our l'Orographie des Monts Jura," Besançon, 1888; and the older
work of Thurmann, "Esquisses Orographicues tie la Ohaine du Jura," 1852.
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The tension of curva

the rule rather than the exception.

ture may occasionally have produced an actual rupture of
the crest of an anticline along which the denuding agents
would effectively work.
The Uinta type is a variety of this structure seen to great
Mountains of Wyoming and Utah.
perfection in the Uinta
It consists of a broad flattened flexure from which the strata
descend
they

into the low grounds,
steeply or vertically

quickly

resume

their

horizontality.

In

the

where
Uinta

Mountains, the flat arch has a length of upward of 150 and
a

breadth

of

about 50

trenched plateau with an

miles,

and

exposes

a

vast

deeply

average height of 10,000 to 11,000

Fig. 465.-Uluta Type of Flexure.
a, Palaeozoic rocks; b, Mesozoic; c1 Tertiary; f, fault.
feet above the sea, and 5000 to 6000 feet above the plains on
elevated region consists of

This

either side.

nearly level

ancient Paheozoic rocks, which plunge below the Secondary
and

Tertiary

(Fig. 465).

deposits that

Powell

have been tilted

believes

by the

that a depth of not

less

uplift
than

three and a half miles of strata has been removed by denu
dation from the top of the arch.'

in some places, the line

of maximum flexure at the side of the uplift has given way,
and the resulting fault has at one point a vertical displace
ment estimated by him at 20,000 feet.
Another
termed

the

variety
Park

of

type,

more
from

complex
its

structure

singularly clear

may

be

develop-

There is in this work a sug
"Geology of Uinta Mountains," p. 20]..
See also Clarence King's
on
of
mountain
structure.
types
gestive discussion
"Report on Geology of 40th Parallel,' vol. i.
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In

Colorado.

this

type,

rocks-granites, gneisses,

pushed

through

the

etc.
or

flexure,

an

the

younger strata have been bent sharply over it, so that after
vast
along

denudation
the

flanks

their truncated
of

the

ends

uplifted

stand

nucleus

up

of

vertically

older

rocks

(Fig. 466).
There may be only one dominant flexure, as in the case of
the Uinta Mountains, the long axial line of which is truncated
at the ends by lines of flexure nearly at right angles to it.
More usually, numerous folds run approximately parallel to
each other, as in the Jura and Appalachian chains.

Not in-

Fig. 486.-Park Type of Flexure.
a, Crystalline rocks; b, Mesozoic rocks.
frequently, some of them
are seldom
(c)

die out or coalesce.

Their axes

perfectly straight lines.

Unsymmetrical Flexures, where one side of

is much steeper than the other,

but where they are

the

fold

still in

clined in opposite directions, occur in tracts of considerable
disturbance.

The steep sides look away from

the area of

maximum movement, and are more
sharply inclined as they
approach it, intil the flexures become inverted.
Instructive
examples of this structure are presented by the Jura Moun
tains and the Appalachian chain.
In these tracts, it is ob
servable that in proportion as the flexures increase in
angle
of inclination, they become narrower and closer
together;
while, on the other hand, as they diminish into
symmetrical
forms, they become broader, flatter, and wider
apart, till
they disappear (Figs. 246, 467).
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Flexures, where the strata have been folded
(d) Reversed
over in such a way that on both sides of the axis of curva

ture they dip in the same direction, occur chiefly in districts
of the most intense plication, such as a great mountain-chain
like the Alps.
part toward

The inclination, as before,

is for the most

maximum disturbance,

the region of

and

the

flexures are often so rapid that after denudation of the tops
of the arches the strata are isoclinal, 01' appear to be dipping
all in the same direction (p. 900).
through

the

three

last-named

A gradation can be traced

kinds of

flexure.

The

in

verted or reversed type is found where the crumpling of the
crust has been greatest.
disturbance,
CRAUX DU
Dotnrw.

the

folds

maximum
Away from the area of
pass

into

the

unsynirnetrical

S. CLAUDE.

VALSERINE.

type,

Na LA"
GENEVA.

Fig. 487.-Section across Western Part of Jura Mountains.
A. Heim, "Mechanism. Gebirgsb." p1. xlii.).
(After P. Choffat,
then with gradually lessening slopes into the symmetrical,
finally widening out and flattening into the plains.

If we

bisect the flexures in a section of such a plicated region we
find that the lines of bisection or "axis-planes" are vertical
in the symmetrical folds, and gradually incline toward the
more plicated ground at lessening angles."
Fractures not infrequently occur along the axes of un
symmetrical and inverted flexures, the strata having snapped
under the great tension, and one side (in the case of inverted
flexures, usually the upper side), having been pushed over
the other, sometimes with a vertical displacement of several
thousand feet, or a horizontal thrust of several miles.
8 ff D. Rogers, Trans. Boy. Soc. Edin. xxi. p. 4341.

It is
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along or parallel to the axes of plication, and therefore co
with

incident

a plicated

general

region occur.

traced

easily

the

strike,

that

faults

than

among the

of

more
moun

One of the most remarkable and
important faults in

tains.

for

Europe,

is

example,

that

edge of the Belgian coal-field

which

may not

improbably run

rocks of

beneath

the south of

bounds

the

southern

It can be traced

(p. 1383).

across Belgium, has been detected

tiary

great

As a rule, dislocations are

low grounds

among

the

in the Boulonnais,
the

England.

and

Secondary and Ter
The

extraordinary

thrust-planes of the northwest of Scotland (pp. 1037, 1179)
are notable
It is

a

of

examples

remarkable

fact

horizontal

gigantic
that

faults

which

displacement.

have

a vertical

throw of many thousands of feet may produce little or no
effect upon the surface.
by

the

valleys

of the

The great Belgian fault is crossed
Meuse

and

other northerly flowing

streams, yet so indistinctly is it marked in the Meuse valley
that no one would suspect its existence from any peculiarity
in the general form of the ground, and even an experienced
geologist, until he had learned the structure of the district,
would scarcely detect any fault at all.
planes

are

strata, and

eroded

like

produce

no

ordinary
more

The Scottish thrust

junction-planes

effect

than

these

between

do

on

the

Figs. 311, 334).

topography (see

In some regions of intense disturbance, such as the Alps,
the

rocks

have

been plicated rather than

folds have been
often lie parallel

so

compressed

that their

fractured.

The

opposite

limbs

to each other at a high inclination.

other regions, such as the northwest of

In

Scotland, where the

the resistance of a "horst"
gigantic pressure has encountered
or solid buttress of immovable material, the rocks have been
and faults, and have
ruptured by innumerable thrust-planes
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ver each

other in a kind of imbricated stru.c

Type

Mountain-Structure.'-It is

ture (p. 1036).
(e) Alpine
great

of

along

a

mountain-chain like the Alps that the most colossal

are to be seen.
crumplings of the terrestrial crust

In

ap

or more minor ridges may be
proaching such a chain, one
observed running on the whole parallel with it, as the
side of the Alps, and
heights of the Jura flank the north
the

sub-Himalayan

Himalayas.

On

hills

the

follow

the outer

side of

southern

base

these ridges,

the

of

the

strata

At first they undulate in

may be flat or gently inclined.

broad gentle folds; but traced toward the mountains these
folds become sharper and closer, their shorter sides fronting
the plains, their longer slopes
tion.

dipping in the opposite direc

This inward dip is often traceable along the flanks of

the main chain of mountains, younger rocks seeming to un
derlie others of much older date.

Along the north front of

the Alps, for instance, the red molasse is overlain by Eocene
and older formations.

The inversions increase in magnitude

till they reach such colossal dimensions as the double fold
of the Glrnisch,
rocks have been

where Triassic,

Jurassic, and

Cretaceous

thrown over above the Eocene flysch and

nummulitic limestone (p. 898).

In such vast crumplings it

may happen that portions of older strata are caught in the
folds of later formations, and some care may be required to
o For recent information on the internal structure of the
Alpine chain see
the
sections
and
memoirs
Ronevier,
Helm, A.
explanatory
by
especially,
maps,
Baltzer, El. Favre, K. J. Kaufmann, C. Moesch, H. Schardt, A. Gutzwiler and
others in the Beitrage zur Gaol. Kare der Schweiz; also Fritz Frech, "Die
Karnischen Alpen," Abhand. Naturf. Ges. Hale, xviii. (Heft L) 1892; Zac
cagna on the Graian Alps, Boll. Corn. Geol. Ital. ser. iii. vol. iii. 1892, p. 175;
consult also Helm's "Mechanismus der Gebirgsbildung"; Suess, "Antlitz der
Erde" and "Entstebung der A.lpen"; A. Favre, "Recherches Geol. dans lea
parties de la Savoie du Pimont et do la Suisse voisines du Mont Blanc," 1881,
and "Description Gaol. Canton Genève," 1880.
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discriminate the inclosure from the rocks of which it appears
to form an integral and original part.

Some of the recorded

examples of fossils of an older zone occurring by themselves
in

a much younger

group

of

plicated rocks may be thus

accounted for.
inward dip and consequent inversion traceable
--The
toward the centre of a mountain-chain lead up to the
fan-shaped structure (p.

901),

where the oldest rocks of

a

series occupy the centre and overlie younger masses which
plunge

under

steeply

structure

occur in

Gothard),

where

them.

the

Alps

Classical

Blanc,

(Mont

of

this

250,

St

examples
Fig.

rocks such as granite,

crystalline

gneiss,

and schist, the oldest masses of the chain, have been ridged
up into the central
denudation has

and

highest peaks.

been of

ance of the granitic

course

Along these tracts,

enormous, for the

appear

rocks at the surface has been brought

about, not necessarily by actual extrusion into the air, but
more probably by prolonged erosion, which in these higher
regions,
most

where

vigorous

many forms of subaerial waste reach their
phase,

has

removed

the

vast

overarching

cover of younger rocks under which the crystalline nucleus
doubtless lay buried.
With the crumpling and fracture of rocks in mountain
hot springs

making,

the

quently

arise

along

further relation is to
and the opening of
or

parallel

to

it,

the

flanks

of

be

traced

between these movements

volcanic

as

ridges of the crust.

must be connected which so fre

in

the

vents
Andes

Elevation,

by

a

mountain-chain.

A

either along the chain
and

other prominent

diminishing

the pres

sure on the parts beneath the upraised tracts, may permit
them to assume a liquid condition and to rise within reach
of the surface,

when, driven upward by the expansion of
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in

region,

lavas

a

mountain,

which may

basaltic magma begins to

be

may

rise

by

lava

of

being

the
de

melted

off,

giving

before

the

deeper

be erupted.

A mountain-chain may be the result of one movement,
but probably in
such

Formed

movements.

crust, it has
of

most cases is due to a long succession of

by

compression

heaval.

and

again

The

fresh

undergoing

of

stages

The chief

guide

weakness

of

relief

again given

successive

difficult to trace.

a line

on

is

the

from the strain

crumpling
are

uplift

in

and

up

usually

supplied

not

by uncon-

Fig. 468.-Section showing two periods of Upheaval.
formability
a

(p.

mountain

1063).

Let

us

range

(Fig.

468)

Silurian rocks (a),

upon

the

of

which the
The

sively.
taken

place

niferous
along

its

Carboniferous
original
between

Limestone
course,

consists

found

upraised

Limestone (b b) lies
of

Lower

periods.

of

example,

that

Lower

upturned and denuded edges

upheaval
the

we

suppose, for

also highly inclined and covered

range must

Silurian

If,
the

that

in

transgres

and

following

the
the

have

Carbo
range

Carboniferous Limestone
unconformably by the Up

per Coal-measures (c c),. we should know that a second uplift
of that portion of the ground had taken
place between the
time of the limestone and that of the Upper Coal-measures.

Moreover, as the Coal-measures were laid down at or below
the sea-level, a third uplift has
subsequently occurred where-
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By this simple and obvi

ous kind of evidence, the relative agesof different mountain
chains may be compared.
the rocks

however,
even

inverted,

In most great mountain-chains,

have been so intensely crumpled,

that

much

labor may

be required

and

before

their true relations can be determined.
The Alps offer an instructive example of a great moun
tain system formed by repeated movements
during a long
succession of

geological

The central

periods.

portions of

the chain consist of gneiss, schists, granite and other crys
talline rocks,

partly referable

to

the

pre-Cambrian

series,

but some of which are
metamorphosed Paleozoic, Secondary, and even older Tertiary deposits (p. 1032).
appear that the first outlines of
even in

pre-Cambrian

times,

It would

the Alps were traced out

and

that

after submergence,

and the deposit of Palaozoic formations along their flanks,
if

not

over most

land.

From

of

their site, they

the relations

of

the

were re-elevated into

Mesozoic

rocks to

each

other we may infer that several renewed uplifts, after suc
cessive

denudations,

took

place

before

the

beginning

of

Tertiary times; but without any general and extensive ph
cation.

A large part of the range was certainly submerged

during the Eocene period under the waters of that wide sea
which spread across the centre of the Old World,

and

in

which the nummulitic limestone and flysch were deposited.
But after that
which the
due.

period

present

the

grand

magnitude

upheaval

took

place

of the mountains is

The older Tertiary rocks,

to

chiefly

previously horizontal un

der the sea, were raised
up into mountain-ridges more than
11,000 feet abov¬ the sea-level, and, together with the older
formations of the chain, were crumpled, dislocated and in
verted.

So intense

was

the

compression

and

shearing

to

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1'168

OF

TEXT-BOOK

GEOLOGY

.

which clays and sands were subjected, that they were con
It is strange to reflect

verted into hard crystalline rocks.
that

materials out

the enduring
cliffs

mountains,
formed

are

and

no

of

of

pinnacles

higher

which so many of

of

the

of the south

London Clay and other soft Eocene deposits
of England and the north

of

the

than

antiquity

geological

been

have

Alps

the

At a

France and Belgium.

later stage of Tertiary time, renewed disturbance led to the
destruction of the lakes in which the inolasse had accumu
lated, and their thick sediments were thrust up into large
broken mountain

masses,

other prominent

heights

as the :Rigi,
the

along

Rossberg and

northern

flank of

the

Since that great movement, no paroxysm seems to

Alps.
have

such

affected

which from
making

the

Alpine

time

to

time

region
show

to be only suspended

the

except
the

process of

still

or

earthquakes,
mountain

slowly in

progress.

The gradual evolution of a continent during a long suc
cession of
out

for

geological

Europe

by

periods
Suess

has

and

been

admirably worked

Neumayr,

and

for

North

America by Dana, Dawson, Dutton, Gilbert, Hayden, King,
Newberry,
the

Powell

structure

of

and

the

others.

American

The

general

continent

plicity, as compared with that of

the Old

is

character
extreme

World.

of

sim

In the

Rocky Mountain region, for example, while the Palaozoic
formations
there

is,

lie

unconformably

according

quence from

the

to

lowest

Ring,

upon
a

pre-Cambrian

regular

Paheozoic

to

the

gneiss,

conformable
Jurassic

se

rocks.

During the enormous interval of time represented by these
massive formations, what is

now the axis of the continent

remained undisturbed save by a gentle and protracted sub
sidence.

In the great depression thus produced, all the Pa

laeozoic and a great part of

the Mesozoic rocks were accu-
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At the close of the Jurassic period, the first great

mulated.

upheavals took place.

Two lofty ranges of mountains-the

Sierra Nevada (now with
high) and

summits

than

more

14,000 feet

the Wahsatch---400 miles apart, were pushed up
These movements were fol

from the great subsiding area.

lowed by a prolonged subsidence, during which Cretaceous
accumulated over the Rocky Mountain region to

sediments
a

depth

of

9000

feet

or

more.

Then came

another vast

uplift, whereby the Cretaceous sediments were elevated into
the crests

of the mountains, and a parallel coast-range was
Intense metamorphism of the

formed fronting the Pacific.

Cretaceous rocks is stated to have taken place.
Mountains,

the elevated

with

table-land

The Rocky

from which they

rise, now permanently raised above the sea, were gradually
elevated to their present height.

Vast lakes existed among

them, in which, as in the Tertiary basins of the Alps, enor
mous masses of sediment accumulated.
land were

clothed with

an

The slopes of the

abundant vegetation,

in which

we may trace the

ancestors of many of the living trees of

North America.

One of the most striking features in the

later

phases

this

of

the

was

history

of

outpouring

great

floods of trachyte, basalt and other lavas from many points
and fissures over a vast space of the Rocky Mountains and
tracts lying to the west.

the

alone
an

the

basalts

have

a

In the

Snake

of

to

depth

700

River region

1000

feet, over

area 300 miles in breadth.
These examples show that the elevation of

like

that of

sometimes
slow

continents,

paroxysmal.

subsidence

reached when
withstand

the

took

has

been

Long
place,

the descending
accumulated

and

occasional,

intervals
but

crust,
lateral

at

mountains,

elapsed,

last

unable

a

perhaps
when

point

a

was

any longer to

pressure,

was

forced
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movements

elevatory

lowed either

ceased.

or more

by a stationary period,

were

They

fol

usually by

a renewal of the gradual depression, until eventually relief
was again obtained by upheaval, sometimes along new lines,
The

but often on those which had previously been used.
of

intricate

crumpling and gigantic inversions
mountain - chain naturally suggest
that the
which
den

caused

and

these

violent.

disturbances

And

that a

the

inference

movements

strata

may

great

were

often,

sud

if

not

It is not so easy, however, to dem

generally, be correct.
onstrate

this

of

a

disturbance

must have been slow.

was rapid as to prove that it

That some uplifts resulting in the

rise of important mountain ranges have been almost insen
sibly brought about,

can

be shown from

rivers in the regions affected.
Mountains has been so quiet

the operation of

Thus the rise of the Uinta
that the Green River, which

flowed across the site of the range, has not been deflected,
but has actually been able to deepen

its

CUfiOU

the mountains have been pushed upward."

as fast as

The Pliocene

accumulations along the southern flanks of the Himalayas
show

that

occupied
(p.

the rivers
before

1672)."

A

the

still
last

similar

run

in

gigantic

conclusion

the

same

upheaval
has

been

lines as
of

the

drawn

they
chain
from

the river-valleys in the Elburz Mountains, Persia."
2.

Terrestrial

Features

due

to

Volcanic

Action.-The two types of volcanic
eruptions described
O Powell's
"Geology of the Ijinta Mountains," in the Reports of U. S. Geo
and
The same
graphical
Geological Survey, Rocky Mountain Region, 1E.
conclusion is drawn by Gilbert from the structure of the Waheatch Mountains.
See his admirable essay on "Land Sculpture," in his "Geology of the Henry
Mountains," published in the same series of Reports, 1871.
" Medlicott and Blanford,
"Geology of India," p. 570.
32 E. Time, Jahrb. Geol. Roicheaust, xxviii. 1878,
p. 581.
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in Book III. Part I. give rise to two very distinct
types of
The

scenery.

volcanic

ordinary

up of a conical mass of
fice.

like

formed
of

many

by the

the

the cone is

of

to

the

piling

round the

ori

small

and

size,

from a single funnel,

discharges

tuff and

leads

materials

erupted

In its simplest form,

has been

vent

cinder-cones of Auvergne,

Eifel and the Bay of Naples.

Every degree of

the

divergence

from this simplicity may be traced, however, till we reach
a colossal
form

is

mountain like Etna, wherein, though the conical

still retained,

have

eruptions

proceeded

from

so

many lateral' vents that the main cone is loaded with minor
volcanic hills.
deep

play;

as channels

Denudation as well as explosion comes into

and wide valleys, worn
for

successive floods

volcanic mud.
tion

in

which

clown the slopes, serve

of

lava

or of

water and

On the other hand, the type of fissure-erup
the

vent, has flowed

lava, instead

out from

of

from

issuing

a central

minor vents along the lines of

many parallel or connected fissures, leads to the formation
of wide lava-plains composed of successive level sheets of
lava.
by

By subsequent denudation, these plains are trenched

valleys,

and,

along

their margin,

are cut into escarp

ments with isolated blocks or outliers.

Thus they become

great plateaus or table-lands like those of northwest Europe,
the Deccan and Abyssinia (pp. 439, 982).
The forms assumed by volcanic masses of older Tertiary
and
to

still

earlier

their original

geological date are in

the main

contours, but to denudation.

being commonly harder than those among

due

not

The rocks,

which

they lie,

stand out prominently, and often, in coarse of time and in
virtue of their mode of weathering, assume a conical form,
which,
original

however,
volcano.

has

obviously no

Eminences

relation

formed

after

to

that
the

of the

type

of
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the

Mountains

Henry

the subterranean

(p.

949)

their

owe

dome-shape

effusion of erupted lava, but the

to

super.

ficial irregularities of contour in the domes must be ascribed
to denudation.
Features

Terrestrial

3.

t 10 n.-The

general

to

due

have been di

results of denudation

cussed in Book III. Part U. Sect. ii.

Denuda

Every portion of the

land, as soon as it rises above the sea-level, is attacked by
Hence the older -a terrestrial surface, the

denuding agents.

more may it be expected to show the results of the opera
We have already seen how compara.

tion of these agents.
rapid are

tively

waste (p. 780).
processes of subaerial

the

It is accordingly evident
land
the
cent

trace whatever of
expected to reveal any
The most re
terrestrial surfaces of the globe.

cannot
early

that the present contours of the

be

mountain-chains

more or less

and

markedly

volcanoes

may,

their original

indeed,

superficial

retain

outlines;

but these must be more and more effaced in proportion to
their geological antiquity.
fundamental

The

law in

the

erosion

of the terrestrial

surfaces is that harder rocks resist decay more, while softer
The former consequently are left pro.

rocks resist it less.

down.
jecting, while the latter are worn
and "soft" are

used

here in the sense of

and more easily abraded, though
measure.

The terms "hard"
being less easily,

every rock suffers in some

If, therefore, a perfectly level surface, composed

of rocks exceedingly unequal in power of resistance, were
to

be raised

above the sea, and to be exposed

tion of

weathering, it would eventually

system

of

ridges

and

valleys.

The

be

to the ac

carved

eminences

into a

would

be

mainly determined by the position of the harder rocks, the
depressions by the site of the softer.

Every region of Mess
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ozoic or Palaeozoic rocks affords ample illustration of this
The

result.

hills and

prominent

are

ridges

found to

be

where they are, not so much because they have there been
more

but

upheaved,

because

durable

materials,

or

original

drainage-lines,

they are

because,
they

by

have

composed of

the

of

disposition

been

less

more
the
than

eroded

the valleys.
In

this

marvellous process of land-sculpture,

to consider, on

we

have

the one hand, the agents and combinations

of agents which are at work, and on the other, the varying
powers

of

resistance

and structure of

from

arising

the

materials on

declivity,

composition,

which these agents act.

The forces or conditions required in denudation-air, arid.
ity, rain, springs, frost,
animal

life-have

Every

country and

rivers,

been

glaciers,

described

climate

must

combination of erosive activities.

in

the sea,

plant and

Book Ill.

obviously

Part

have

its

II.
own

The decay of the surface

in Egypt or Arizona arises from a different group of forces
from

that

which

can

be

seen

in

the

west

of

Europe

or

in New England.
In tracing the sculpture of the land, we are soon
perceive the powerful influence of the

angle

o f the ground upon the rate of erosion.

of

led to
slope

This rate de

creases as the angle lessens, till on level plains it reaches
its minimum.

Other things being equal, a steep mountain

ridge will be more deeply eroded than one of the same ele
vation which rises gradually out of the plains.

Hence the

declivity of the ground, at its first elevation into land, must
have had an important bearing
of the slopes.
sions

erosion
upon the subsequent

It is important to observe

that the depres

into which the first rain gathered on the surface of

the newly upraised land would, in most cases, become the
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of
permanent lines
as

deepened

the

disturbance

where subterranean
the

channels

tions,

or

in.

coursed

streams

the

otherwise,

them,

came

drainage-lines

is one of

or where

play,

would be

the channels they had once chosen.
o f

into

The

unable

its

As

topography.
between

ground

to quit

the most remarkable fea
The main

usually among the oldest parts of

they are widened

them

ejec

permanence

tures in the geological history of the continents.
valleys of a country are

unless

that,

so

landslips, volcanic

obstructed by

were

be continually

would

They

drainage.

water

GEOLOGY

OF

may

be

left

and

the

deepened,

projecting

into

high

hills.
ridges and even into prominent isolated
A

chief

element

in

the

progress

of

land-sculpture

is

character, arrangement and.
g e o 10 g i c a 1 s t r a c t u r e-the
the manner in which each
composition of the rocks, and
variety yields to the attacks of the
sides

the

general

relations

of

the

Be.

denuding agents.
so-called

rocks to

depressions, the

resulting prominences, and of soft rocks to
broader geotectonic characters have

hard

had a dominant influ

ence upon the evolution of terrestrial contours.

As illustra

tions of this influence, reference may be made to the marked
difference
stratified.

between

the

scenery

sedimentary rocks,

eruptive rocks,

of

that of

and

such as granite.

districts

which upon the external forms o

everywhere traceable.

areas of

of

massive

in the former case, bed.

ding and joints furnish divisional lines,
ence of

composed

the guiding influ.
the mountains is

In the case of eruptive masses, the

rock is split open along joints only, which mainly determine
the shapes of crest, cliff, and corry.
Bedding produces a distinct type of scenery which can be
traced from the sides of a mere brook up into tall sea-cliffs
or

into

lofty

mountain-.groups.

Moreover,

much

of

the
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scenery

depends

the strata have been left undisturbed;
the bedding, whether flat,

inclined.,
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for
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upon

the position of

vertical,

or

contorted,
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of the

surface.

The

most

characteristic scenery formed by stratified rocks is undoubt
edly where the bedding is horizontal, or nearly so, and the
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A mountain constructed of such mate

strata are massive.

rials appears as a colossal pyramid, the level bars of stratifi
Joints and
cation looking like gigantic courses of masonry.
faults traversing the bedding allow it to be cleft into blocks
and

deep

chasms that heighten the resemblance to ruined

architecture.

illustrations of
Probably the most marvellous
to be found in. the Western Territories of

these results are

The vast table-lands of the river Colo

the United States.

rado, in particular, offer a singularly impressive picture of
the

effects

of

subaerial

mere

nearly level strata (see

erosion

on

undisturbed

and

Systems of stream

Frontispiece).

courses and valleys, river gorges, unexampled elsewhere in
the world for depth and length, vast winding lines of escarp
ment,

like ranges of sea-cliffs,

terraced

slopes rising

from

plateau to plateau, huge buttresses and solitary stacks stand
like islands

ing

towering into

out

of

the

plains, great

mountain

masses

picturesque peaks and pinnacles, cleft by in

numerable gullies,
bars

of

yet everywhere marked by the parallel

the horizontal

strata out of which they have been

carved-these are the orderly symmetrical characteristics of
a country where the scenery is due entirely to the action of
subaerial agents and the varying resistance of level or little
disturbed stratified rocks.
On the other hand, where stratified rocks have been sub
jected to plications and fractures, their characteristic features
may be gradually almost lost among those of the crystalline
masses which under these circumstances are so often found
to have been forced through them (see Fig. 252).

The Alps

may be cited as a well-known example of this kind of scen
ery.

The whole geological aspect of these mountains is sug

gestive of former
are

to

be

seen

intense

proofs

of

commotion.
the

most

Yet

on

enormous

every

side

denudation.
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sheets of limestone may be

seen as it were to writhe from the base to the summit of a
mountain, yet they present everywhere their truncated ends_
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these ends it is easy to see that a vast
has been worn away.

Apart altogether

from what may have been the shape of the ground immedi-
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of the chain, there is evidence on
ately after the upheaval
The subaerial forces that
every side of gigantic denudation.
have been at work upon the Alpine surface ever since it first
the valleys, sometimes acting in
appeared have dug out
sometimes eroding hollows down the
original depressions,
Moreover they have planed down the flexures, ex
slopes.
cavated lake-basins, scarped the mountain sides into cliff
and cirque, notched and furrowed the ridges, splintered

the

crests into chasm and aiguille, until no part of the original
And thus the Alps remain a

surface now remains in sight.

marvellous monument of stupendous earth-throes, followed
denudation.
by prolonged and gigantic

In massive rocks, the structure-lines are those of joints

alone,

and

joints

the

according
trend and

to

direction

the

shape of

the

of

the

intersecting

ridges

are

determined.

The importance of rock-joints, not only in details of scen
of the main features of the mountain
ery, but even in some
It is
outlines of massive rocks, is hardly at first credible.
the rain has filtered, and the
along these divisional lines that
risen, and the frost wedges have been driven.
springs have
On the bare scarps of a high mountain, where the inner
structure of

the mass is laid open, the system

of joints is

seen to have determined the lines of crest, the vertical walls
of cliff and precipice, the forms of buttress and recess, the
position
nacle.

of

cleft and

chasm,

the outline of spire and spin.

On the lower slopes, even under the tapestry of ver

dure which nature delights to hang where she can over her
naked rocks, we may detect the same pervading influence of
the joints

upon

the forms assumed by ravines and crags.

Each kind of eruptive rock has its own system of joints, and
these in large measure determine its characteristic type of
scenery.

S
.N

A -0

8
a.

N

13

Fig. 471.-Sections across the Grand Canon of the Colorado. 13
(Vertical and Horizontal Scale the same.)
A. Section in the Kanab division. B. Section in the Kaibab division, a to a seven miles.
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Drawn on a true scale for this work by Mr. Holmes, whose diagrams of the geological structure and
scenery of Western
America are probably at once the most artistic and instructive sketches with which geological literature has
yet been enriched.
To his graphic pencil also the author owes the Frontispiece to this volume.
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A few of the more important features of the land may
be briefly noticed

in

here

to this branch of

their relation

In the physiography of any region, mountains

geology.

A true mountain-chain

are the dominant features (p. 78).

consists of rocks that have been crumpled and pushed up
in

the

almost

manner

But

already described.

their bulk, may

mountainous in

gradual erosion of

original

In this way, some ancient table-lands

ground.

hills,

be formed by

out of a mass of

valleys

of

ranges

the

high

have been

so channelled that they now consist of massive rugged hills,
either isolated or connected along the flanks.

Eminences

detached by erosion from the masses of rock whereof they
once formed a part have been termed hills of circurndenu
datiom.

Their isolation may either be due to the action of

streams

working

logical

structure,

which has

round
or

enabled

them,

to

apart

their more

them

to

remain

from

altogether
resisting

geo

constitution,
during

the

arise from

the

prominent

general degradation of the whole surface.
T a b 1 e-1 a n d s

(p.

83)

may

sometimes

abrasion of hard rocks and the production of a level plain
by the action
with

the

waste (p.

of the sea, or rather of that action combined

789).

of

degradation

previous

Such a form of

table-land of erosion.

Notable

the

by

subaerial

surface may be termed a

examples

the extensive "fields" or elevated

land

are

to be seen in

plateaus of Scandinavia,

many of which, rising above the snow-line, form the gather.
jug-ground of glaciers that descend almost to the sea-level.
Fragments of a similar table-land may be recognized among
the

Grampian

Mountains

of

Scotland.

But

most

of

the

great table-lands of the globe seem to be platforms of little
disturbed strata, either sedimentary or volcanic, which have
been upraised bodily

to

a

considerable

elevation.

These
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table-lands of deposit.

But,

whatsoever its

mode of origin, the plateau undergoes a gradual transforma
tion under continued denudation.
raised

above the

sea, than

No sooner are the rocks
are

they

attacked

by

running

water, and begin to be hollowed out into systems of valleys.
As the valleys sink, the platforms between them grow into
narrower and more definite ridges, until eventually the level
table-land is

converted into a complicated network of hills

and valleys,

wherein,

arrangement is
tion

and

effects

nevertheless,

furnished
of

a

by

the flow

the

knowledge

of

water.

and

King,

the

Hayden,

other

Powell,

Gilbert,

the

whole

the disposi
of

examples

Wyoming,

Territories,

Western

of

The

this process brought to light in Colorado,
vada

to

key

by

Ne

Newberry,

Dutton and other explor

ers, are among the most striking monuments of geological
operations in the world.
lands
into

of

Scandinavia

systems

pressive

but

of

The erosion of the ancient table

and

Scotland,

hilly ridges

still

and

instructive

and

their

valleys,
of

evidence

conversion
im

convey less
the

efficacy

of

subaerial waste.
W a t e r s h e d s are of course at first determined by the
form of the earliest terrestrial
than the

permanent

surface.

watercourses

But

they are

that diverge from

less

them.

Where a watershed lies symmetrically along the centre of
a country or continent, with an equal declivity and rainfall
on

either

side,

and

an

idehtity

of

geological

structure, it

will be permanent, because the erosion on each slope pro
ceeds at

the

cumstances
scale.

same

can

rate.

happen

But

such a

rarely, save

combination of

on

a

cir

small and local

As a rule, watersheds lie on one side of the centre

of a country or continent, and the declivity is
the side nearest the sea

steeper on

Hence, apart from any influence
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from difference of geological structure, the tendency of ero
sion, by wearing the steep slope more than the gentle one,
is to carry the watershed backward nearer to the true centre
Of course

of the region, especially at the heads of valleys.

this is an extremely slow process; but it must be admitted
efficacy in the vast periods during which

to be one of real
has

denudation

progress, as well as of many
ture,

may

often

be

illustrations of

Excellent

continued.

its

other features of

land-sculp

on

clay-banks

studied

instructively

exposed to the influence of rain."'
The crests of mountains are watersheds of the sharpest
where

type,

slope on

erosion

has

either side.

worked

Their

backward

forms

are

upon

mainly

a

steep

dependent

upon structure, and especially upon systems of joints.

It

will often be observed that the general trend of a crest co
incides with that of one set of joints, and that the bastions,
by the intersec

recesses and peaks have been determined
tion of another set.
and

the

declivity

If

in

equal

may retain its position;
erably steeper than

the rock is
angle

uniform

on

either

in structure,
side,

a

crest

but as one side is usually consict

the other, the crest advances at the ex

pense of the top of the gentler declivity.

But, under any

circumstances, it is continually lowered in level, for it may
be regarded as part of

a

mountain where the

aerial denudation reaches

a

is attacked only in front,

but a crest

is further splintered

maximum.

along its

rate of sub

An ordinary cliff

summit.

has

two fronts,

Nowhere can

and
the

guiding influence of geological structure be more couspicu-

14 See on this
subject Mr. Gilbert's suggestive remarks in the Essay on
"Land Seulpture" already cited. See also Nature, xxix. 1884, p. 326, where
the hlswry of the watersheds of the British Isles is traced.
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spires,

which

a

buttresses,

mountain

gullies

crest

as-

sumes.
Valleys are mainly

due to erosion, guided either by

original depressions of the ground, or by geological struc
ture, or

both."'

by

Their contours

depend partly on

structure and composition of the rocks,

and

the

partly on the

relative potency of the different denuding agents.

Where

the influence of air, rain, frost and general subaerial weath
ering has been slight, and the streams,
tant

sources,

ravines

precipitous
cailons

of

have had
or

sufficient

the Colorado

been

deep,

excavated.

on the other hand,

valleys

have

been

The

attacked,

and. open

hollowed

out.

A

the river
glens and

sloping
gorge

this

ordinary at

mosplieric action has been more rapid, the sides of
channels have been

dis

narrow,

are a magnificent example of

Where,

result (Fig. 471).

declivity,

have

gorges

supplied from

or

usually due to the action of a waterfall, which,

defile

is

beginning

with some abrupt declivity or precipice in the course of the
it first commenced to flow, or caused by some

river when

hard rock crossing the channel, has eaten its way backward,
as already
A

explained

p a s s

is

a

(p.

portion

657).
of

a

watershed

which

has

cut down by the erosion of two valleys, the heads of
adjoin

on

opposite

sides

of

a

ridge.

backward until the intervening ridge is
passes

'

Each

been
which

valley

is cut

demolished.

Most

no doubt lie in original but subsequently deepened

The student should road the suggestive essay by the late J. B. Jukes
(Quart. Journ. Geol. Soc. xviii. 1862, p. 378, which was the first attempt to
work out the history of the excavation of a valley system in reference to the
See also Peuck, Nenes Jahrb. 1890, p. 165;
geological history of the ground.
E. Tietze, Jahrb. Geol. Reichsanst. xxxviii. 1888, p. 633.
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The continued

mountains.

may

obviously

rise

give

to

a

pass.
La k e s may have been formed in several ways.
subterranean
and

making

movements,
volcanic

in

the central part of

for

as,

example,
The

explosions.

a mountain

in

1.

By

mountain
of

subsidence

might conceivably

system

depress the heads of the valleys below the level of portions
farther from

the sources of

of the lower parts of
lation
might
But

of

the valleys

might cause an accumu

water in their upper parts.

be

these

to

supposed
hollows,

be

unless

Or the elevation

the stream.

due

to

Or

a

special

continually

lake-basin

each

subsidence.
sub

by

deepened

filled up
sequent movements of a similar nature, would be
by

the

sediment

continually

washed

The numerous

adjoining slopes.

into

them

lakes in such

from

the

a mountain

system as the Alps cannot be due merely to subterranean
movements, unless we suppose the upheaval of the moun
tains to have been quite recent, or that subsidence must take
or periodically below each independent
place continuously
basin.

But there is evidence that the Alpine uplift is not

of such recent date, while the idea of perpetuating lakes by
continued local subsidence would demand, not in the Alps
merely, but all over the
are so abundant,

northern

hemisphere, where lakes

an amount of subterranean movement of

which, if it really existed, there would assuredly be plenty
of other evidence.

2.

By irregularities in the deposition of

to the elevation of the land,
Superficial accumulations prior
oin the northern
the

disappearance

and lakes inclosed
and

gravel

are

parts
of

the

of

Europe

ice-sheet.

and
The

America,

during

numerous

tarns

within mounds and ridges of drift-clay

examples.

3.

By

the

accumulation

of

a
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barrier across the channel of a stream and
back

ponding

of

the

water.

This

1'85

the consequent

be

may

done, for

in

stance, by a landslip, by a lava-stream, by the advance of
a glacier across a valley, or by the throwing up of a bank
by

the sea

across

the

mouth

of

a river.

4.

erosion.

By

Water keeping stones in gyration can dig out pot-holes in
the bed of a river, or on the sea-shore.
weathering may

cause

Unequal

subaerial

rocks to rot much more deeply in

some places than in others, so that, on the removal of the
rotted material, the surface of the solid rock might be full
of depressions.
such

cavating

glacier-ice (p.

But the only known agent capable of ex
hollows

basins

of

the

smoothed
sides.
the

now be seen, that

northern

ice-worn

tensely

rock.

If

rock.

strüe
the

rock-basin

lakes

is

The

striie

can

produced

could, as

on

into

slipping

were

ice

the innumerable lake.

hemisphere lie

rock-surfaces

These

might form

It is a remarkable fact, of which the

719).

significance may

as

be

the

by

the

surfaces

in.

seen

on

the

water

on

all

ice

strio

of

over

moving

prove,

descend

into the rock-basins and mount up the further side, smooth
ing and

striating the rock as it went, it could, to a certain

depth at least, erode basins.
In

the

general

subaerial

denudation

of

a

country,

in

numerable minor features are worked out as the structure
of the rocks controls the operations of the eroding agents.
Thus, among

undisturbed or gently inclined strata, a hard

bed resting upon others of a softer kind is apt to form along
its

outcrop

a

line

of

cliff or

e s c a r p m e n t.

long range of such cliffs resembles

a

coast

that

Though

a

has been

worn by the sea, it may be entirely due to mere
atmospheric
waste.

Again, the more resisting portions of a rock may be

seen projecting as crags or knolls.

An igneous mass will
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stand out as a bold hill from amid the more decomposable
These features, often

strata through which it has risen.

o

marked on the lower grounds, attain their most conspicuous
and barer parts of the moun
development among the higher
The
tains, where subaerial disintegration is most rapid.
torrents tear out deep gullies from the sides of the declivi
C o r r i e s or ci r q u e a, if not originally scooped out

ties.

formation is a some
by converging streamlets (their mode of
what difficult problem), are at least enlarged by this action,
and

steep by the

their naked precipices are kept bare and

wedging off of successive slices of rock along lines of joint.
Harder bands
slopes,
bined

shoot

of
up

influence

rock
into

of

prominent

joints

massive

as

project
and

ribs

down

peaks, or, with

faults, give

to

the

the
com

the summits

the notched saw-like outlines they so often present.
The materials worn from the surface of the higher are
spread

out

over

the

lower

traced how streams at once
sediment

when,

by

We

grounds.

have

already

begin to drop their freight of

the lessening

of

their

carrying power is diminished (p. 665).

declivity, their

The great pl a ins

of the earth's surface are due to this deposit of gravel, sand
and loam.
structive

They are

and

thus

reproductive

monuments
processes

at

once of

which

have

the de
been

in

progress unceasingly since the first land rose above the sea
and. the first shower of rain fell.

Every pebble and particle

of the soil of the plains, once a portion of the distant moun
tains,
and

has travelled slowly and fitfully

downward.

again have these materials been shifted,

seaward.

For

centuries, perhaps,

they have

Again

ever moving
taken

their

share in the fertility of the plains and have ministered to
the nurture of flower and tree,
beast of the field, and of man

of the bird of the air,
himself.

the

But their destiny
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In that bourne alone can they find

undisturbed repose, and there, slowly accumulating in mas
sive

beds,

renewed

they

will

upheaval

remain

shall

raise

until,
them

in

the

into

thereby enable them once more to pass
cycle of change.

course of ages,

future

land,

and

through a similar
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4
"AA" form of lava-streams, 31
Aachenian, 1562

Acid, crenic, 791
humic, 191

hydrochloric, 147, 157
hydrofluoric, 156
hydrofluosilicic, 159

Aar glacier, erosion by, 126
former size of, 1720

nitric, 159

Abies, 1627
Absorption-spectrum, 28-30
" in stral
"Abtheilnng
igraphy, 1128
Abysmal deposits, 167, 1,075, 1077
Abyssinia, volcanic plateau of, 439
Acacia, 1633

Acarithoceras, 1528*
Acanthocladia, 1398
Acanthodes, 1319*, 1320, 1374, 1400
Acanthopho1i, 1535

Acanthospongia, 124 S
Acer, 1521, 1623, 1633
Aceratherium, 1 669

organic, action of, 254, 585, '169,
791
Acid,

ulinic, 191
series

of intssive rocks,

212;
of,
into
basic,
187,
383,
gradation
,115, 451, 937, 954;

Acidapis. 123S*, 1297
Acotberuluin, 161$
Aeroculia, 1241, 1299
Acrodus, 1429, 14431;
Acrolepi, 1400
Acrosalenia, 1161
Accostichite, 1425

Acerocare, 1220
Acervularia, 1231, 1261*, 1295

Acrothele, 1221

Achenlian deposits, 1135
Achyrodon, 1476

Aetnonc11a, 1529

Achatina, 1619

Acicularia, 1605
Acid, uses of, in rock determination,
151
-- acetic, 158

14'l

apocreiiic, 191
citric, 151; use of, in field-work,

Acroreta, 1209, 1240
Aetaou, 16.
Ac(oniiia, 11493
Actinoceras, 1257
Actinocriiius, 1237, 1344
Actinodon, 1401
Actiiiolito, 135

Actinolite-schist, 314, 1146
Actinophyllurn, 1265
Actinostroma, 1303
(1791)
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Adacna, 1666
Adapis, 1618

Albitization, 1025

Adriatic, detrital deposits in, 668, 679
chmothi, 1466

Alecto, 1461

Adinole, 317
Adrianites, 1399, 1411

Alcelaphus, 1674
Alces, 1662
Alder, fossil, 1539, 1648

.iEger, 1427, 1465
Egliua, 1238*

Alethopteris, 1350*, 1351, 1408, 1448,
1.158
Alga, geological action of, 79S, 800,

goceras, 1447, 1464, 1484*, 1487*
lurogale1 1618, 1674

E1uropis, 16,14
)Eoli:tn deposits, 568; rocks, 223, 226
Arolites, 26
Aitites, 256
Aëtobate, 1590

Aë(osanrns, 1431
Africa, active volcanoes of. 441; Car
boiiiferous rocks in, 1388; Permian,
1415: Trias, 1572; Cretaceous, 1572,
157-1
Ag:tte, artitidal coloring of, 520

Agathauiuns. 1576
Agaihiceras, 1411
Agae, 1588

Agelacrinites, 1248
..A.rg1omerate, volcanic, 240, 343
si.ructure, 183
A-y-lomerated
t4l__
Aggregation, state of, in rocks, 187
Aguosius, 1205*
Agnotozoic rocks, 1141

.A graulos. 1209
A grictil tnr, ge.>lgical effects of, 831
"Aigues-mc'rtei,'' 657, 680
Ail- absorbs little radiant heat, 55
c1i'cts of coiiipression and expan
iou of, in niailue erosion, 745 (see

809, 810, 1426, 1444, 1447

Algoukian, 1195, 1196
Allacodon, 1541
A.llodon, 1516

Allogeiiie, 121 note
Alloristn:t, 1398, 1414
Allobriomoipitic, 119, 19-1, 209
Alluvia, Paheolithic, 1736
Alluvium,
681

568;

deposition

of,

665,

A]iueskr:L group, 1191
Aliius, 1521, 1623. 1649*
Alpine type of mcii ntuiii-structure,
1764

Alps, relative hulk of, 76; fjord lakes
of, 493; crumpling of, 539, 899*;
earth-pillars of, 604; alluvia from,
665, 666, 667; snow-line in, 702;

glaciers of, 701, 708, 709*, 710*;
former glaciation of, 718, 1679,
1703,11i20; glacier-inoulins of, 722;
inverted rocks of, 898, 899*; met

amorphism in, 1032, 1034, 1035,
1043, 10.14, 1286; age of schists of,
1035, 1286
-- pro-Cambrian rocks in, 1192:

:tL.o tinder Atmosphere)
A !actaga, 17 :)

12186 ; Devonian, 1306;
Carboniferous. 1033. 1386; Peuni
an. I"! 9, 141.0; Ti-ins, 1443, 1446
Jurassic rocks, 1512; Cretaceous,

Ala-ka, glaciers of, 704, 708
Albertia, 1425
Alliiau, 1544, 1549, 1560, i51, 1568,

1630, 1631; Pleistocene glacatiou
of, 1679, 1703, 1720; presout glit

AlahliL. 14.9

]57o, 1573
Altilte, 132

Silurian,

1569; Eoceuo, 1009, 1610; molase
of, I 628 ; po;t-Oligoceno elevation of,

ciers of, represent those of Plcist.o
cene time, 1708, 1720: history of,
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176T; cause of characteristic scenery
of, 1716

1793

1750; physiographical evolution of,
1768

Alsophy]Ia, 1604
Alteration of rocks (see under Meta
morphism and Weathering)

America, South, estimated mean height
of, 76; extent of coast-line of, 85;

Alumina, 115
Aluminium, 113, 128

tinct mammalia of the Pampas, 1751
Ammonia, niolybclate of, in testing

Alum, origin of, 237-238
slate, 237, 323, 1232
Bay, leaf-beds of, 1595, 1601

Alveolat'ia, 1655

volcanoes of

(see Andes); earth
quakes of, 466, 474; upheaval of,
487; Trias of, 1454; Jurassic of,
1516; prehistoric deposits and ex

rocks, 159

Alveolina. 1600

Ammonites, 1452

Alveolites, 1248. 1295, 1353

Ammonites,

Amaitheus, 1464,1484.*, 1487*, 1495*
Amazon, terraces of the, 669; seaward
extension of sedimeut of, 681, '157;
mineral matter dissolved in, '174
Amber, 1079
-- beds of Konigsberg, 1627
Amblotherium, 1476
Amblypterus. 1400
Ainbonyehit, 1240*, 1241, 1267*
America, active volcanoes of, 441
-- Central, volcanoes of, 336, 366,
3(3k); oscillations of, 492
North, estimated mean

lei-lit
of, 76; extent of coast-line of, 83;
fjords of, -193; deserts of, 560, 572;
weathering in, 5,.)G; earth- piIl;Lls of,
603; buttes and bad Lam-19 of, 003
]779*;
caucus of, 659*, 062, 6U-t

of, 6(36* ; .river terraces
of, 670*; coast-bars of, G74: vau
ished lakes of. (386, 690,
1727;
Salt-takes of, 689; frozen rivers and
lakes of. (399; salt marshes of, 763
- - pro-Cambrian rocks of, 1194;
alluvial fau

Cambrian, 1226; Silurian, 1287; Do
vonin, 1309; Carboniferous, 1391
Permian, 1416; Trias, 1454; Jurassic, 1515; Cretaceous, 1574; Eocene,
1612; Oligocene, 1630; Miocene,
1645; Pliocene, 1675; glaciation of,
1688, 1723; post-glacial deposits in,

1490*,

1484*,

]495*,

1487*,

1328*;

1488*,

as

typo
fossils, 1090; early types of, 1399,
1411; abundance of, in Jurassic
time,

1464

separation of, into
families and genera, 1464; disap
pearance of, 1530
Ammonites, acanthicus-zone, 1503
acanthus-zone, 15C8

-- alternans-zone, 1515
ancepszoue, 1505, 1516
-- nugulutus-zone, 1483, 1510
-- :irl)ustigerus-zone, 1506
-- Lu4pidoieles-zoue, 1 505
astierianus - zone, 1544,

1567,

1570

auritus-zone, 1544

-- beiriaensis-zono, 1503
hirrons-zouc, 1507
-- Ijifurcatus-zone, 1510
biinammalus-zoue, 1502, 1504
bisulcatus-zone, 1508

- Blagdeni-zone, 1506
Buek1anli-zone, 1483, 1508,1510
-- Burguiidhe-'zoue, 1 509
ealloviensis-zono, 1405, 1515
-- Calypso-zone, 1503
-- canaliculatus-zone, 1504
-

capricornus-zone, 1507
communis-zone, 1483
complanatu s-zone, 1507
concavus-zone, 1513
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Ammonites, cordatus-zone, 1496, 1502,
1505, 1515, 1516
coronatua-zone, 1515
cristatus-zone, 1544

-

- Davidsoni-zone, 1508
Davci-zone, 1501, 1508
Ierrugineus-zone, 1505

gigntens- zone, 1498, 1512
-- gigas-zone, 1501, 1503, 1504,
1509

Ilenleyi-zone, 1483, 1507
It urnphri esianus -zone, 1490,1506,

1510
-- ibex-zone, 1483, 1508, 1510
inflatus

(rotr:tus) zone, 1544,
1551, 1560, 1562, 1568
insgnis-zone, 1507
-- Jamesoui"zouo, 1483, 1510
Jason-zon, 1496, 1515

-- juiensis-zotte, 1489, 1510
Lam berti-zone, 1505, 1509, 1515,
1516
lautus-zone,

1544, 1560,

Ammonites, planorbis-zone, 1483,1508,
1510

1562,

1568
maerocephal'i.s-zoiio, 1502, 1505,
1510, 1316
mamillaris-zone, 1560, 1562
-- ma! gariatn-zone, 1483, 1507,
1508, 1514

fari-zme, 1505
Mar',elli-zone, 150-1

-- lflilleUatiUS"ZonC, 1560, 1.568
morcan us-zone, 1509
Murehisorie-zone, 14.90, 1506,
1313

niurterisis-zouc, 1506
-- ol,tustH-zorie. 14,83, 1310
opal:inis-zone, 1489, 1507
O1'ri:uu.i-zone, 1 509
oxrnotn-zone, 1483, 1508, 1510
P:rkinsniii - zono
1490, 1505,
1506, 1510
-- perarmatu-zone, I4-R;
plan icosta-zone, 1507, 1608

plicatilis-zone, 1496, 1515
polyplocus-zone, 1502
portlandicus-zone, 1501
privasensis-zone, 1503

psilonotus-zouc, 1510
-- radians-zone, 1507
raricostatus-zone,

1483,

1508,

1510
-- rostratus (inflatus) zone, 1544,
1551
rothomagensis-zone, 1544, 1553
roiiformis-zone, 1508
Sauzei"zone, 1506

serpentinus-zone, 1483, 1507
Sower byt-zone, 1506
spinatus-zono, 1483, 1507, 1508,

1510

siellaris-zone, 1508
subradiatus-zone, 1506
tell uilobatus-zone,

1502,

1513, 1516

1503,

transiLori us-zone, 1503

trausve.rsariu'-zon e. 1502

Turned-zone, 1483, 1510
-- Valdani-zone, 1507
varau-zoue. 1544, 1551, 1553
venarensi-zone, 1507

-- vugLius zone. 1515
zete-zone, 1501
Animosaiu'u, 1431
An.iotuurn, 1588

Amorphous, 120
Ainl;Iiihia, ftjssfl, 1359, 1399
..11i1n1ik'. 136
A ni r'1 i hofl'N-to, 288
Amhi1'olite, 311

Amphibo1ite-schist, 314
Aniphio-on. 1593. 1629, 1638, 1674
Ainp1iilestei. 1416
Ainphimcryx, 1618
Amphion. 1238
Amphipellia, 133
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Amphipora, 1303
Amphisponga, 1235

Animals,

geological inferences from
distribution of,
492; destructive

Amphistegina, 1342
Amphitheriulu, 1476

action of, 794; conservative influ
ence of, '799; deposits formed by,

Amphitragulus, 1593, 1626
Amphityhis, 1476

811;
1096

Amplexus, 1343
Ampnlliua, 1630

Amygdalus, 158S
Analcime, 1540

fossilization of, 1081

Annularia, 1234, 1351*, 1353
Anodonta, 1311, 1331. 1665
Anomia, 1577, 1607, 1660
Anomodont reptiles, 1400, 1430
Anomopteris, 1425, 1441

Anarcesto., 1299
natifopsis, 1237

Anomozamites, 1458, 1568

Anatina, 1495

Anoplophora, 1429
Auoplothoriurn, 1618
Anopolenus, 1209

Anchilophus, 1618
Anchippodn, 1594

Anorthite, 132; in meteorites, 27
Anorthopygu, 1564

Anchisaurus, 1431
Anchitherium, 1592, 1629, 1635

Antarctic

regions. land-ice of, 705
icebergs of, 739, 741*
Antelope, fossil, 17:; ancestral forms
of, 1592, 1635, 1671

Anchor-ice, 700, 738
Andillaria, 1607, 1621, 1,634
Ancyloceras, 1495, 1529, 1530
Aneylotheriurn, 1671
Ancylus, 1658

Anthodon, 1431

Andalusite,

138; in
1003, 1007; in regional
contact-meta-morphism,

metamorphism, 1040
Andalusite-schist, 1005
Andes, volcanoes of, 336, 344, 352,

364, 35, 397, 400, 422
Andesine, 132
Andesite, 289; passage of, into basalt,
297

Antholitlius, 1354, 1356*
Anthophyllite, 136
Anthricite, 253, 549
Anthracite-slate, 237
Anthracomya, 1356
Antliracoptera, 1356

Anthracopupa, 1359
Anthracosaurus, 1359
Anthracosia, 1338, 1345, 1356, 1412
Anthracotherium, 1618, 1638
Anthrapaliernon, 1346

Andrarnrnskalk, 1220
.Andromeda, 1623
first

Anisotropic substances, 409, 204
Annelids, fossil, 1204, 1207*, 1237;

Anomocaro, 1208

Analysis, chemical, 157
Anancliytes, 1524*

Angiosperms,
1521, 1569

distribution of,

Animikie series, 1196

Anipyx, 1238*
Arnusium, 1575
Amygdaloidal structure, 182*, 184, 886

Angolina, 1217

geographical

Anticlines, 897*; elects of faults on,
appearance

of,

Angoumian, 1544, 1560, 1565
Anhydrite, 143, 265; conversion of,
into gypsum, 506, 688

921
Anversian, 1638, 1664
Apatite, 143; test for, 159
Apatosaurus, 1516
Apounine

chain,

Eocene

in,

1611;

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1796

INDEX

Oligocene in, 1630; Pliocene in,
1647, 1666
Apes, fossil, 1635, 1651
Aphanite, 288
Aphanitic structure, 176
Aphelion, 38, 55, 23

Aphyllites. 1299
Apiocrinus, 1416

Aplite, 275, 276, 277
Apocrenic acid, '1)1

Apopliyses of granite, 962
Aporrhais, 1529, 1597
Apthth, 1544. 1548, 1560, 1561, 1568,
3 370
A ptychopsis, 1238
Aptchus-hd, 1514, 1571

Aqueous rocks, 211)
Aquitanian stage, 1624, 1628. 1629
Aquo-igneous fusion. 524

Archnii, fossil, 1243, 1269*, 1318,
1351, 1358*
Arachnoplivflum. 1278
AragoDito, 142, 216, 243, 244, 1078;
corn patatlvo instability of, 812
Aral. Sea of, 692. 693
Aralia. 1522. 1597, 1623

Ararat, Mount, 416; effects of light
ning on. 559

Araucaria. 1458

Araucarioxylou, 1355. 1408, 1440
Araucaritcs, 1408, 1491
ArbuLIi Flag, 1322, 1325
Are of inerdiari, measured, 32
Area, 1398, 1493, 1600, 1634, 1656,
1713
Arcestes. 1399, 1429
"Arcinean" rocks, 1134, 1135, 1141
Arc1i:e'eidaris, 1344
Arc1necvathus, 1206, 1218, 1235
Archodiscus, 1342
Archaoptcris, 1304

Arcliaopteryx, J474*, 1475
Arihaoptilus, 1358
Archegosaurus, 1400

Archimedes, 1391
Archiulus, 1357
Archodus, 1243
Arctic fresh-water bed (Crome'), 1663
-- flora of Europe, history of, 1681,
1709

Arctic

glaciers, '104, 709, 126, 739,
759; icebergs, 740*, 759
-- shells in Pleistocene deposits,
1653,

11(31

Aretocephalus, 1614
Arctocyon, 1592

Arctomys, 1742
Ardennes, metamorphism in, 1028
Ardwell group, 1273
Areiiicolites, 1207*. 1237
Aronig group. 1245
Aretliusilid, 11)3

Arfve(lsouite, 1316

Argillaceous composition, 186, 309
Argillite, 238, 309
ArgilIorui, 1590
Argiopo, 1527

Argoviau, 1504
Aridity, con equencus of, 561
Ariettes, 14(34, 1484*
Arionoiltis, 1221

Aristo'ioe, 1209, 1237
Arms, 1588, 1674
Arkoso, 232
A rmorican sandstone, 1281
Arno, Pliocene deposits of the, 1667
Arnusian. 1665, 1667, 1669
Arpadit3es, 1452
Artesian wells, 608, 609
Arthirojdivcti . 1 234
A rthropitus. 13(30, 1397
Arth ostignuL, 1 317
Aitiusk group, 1413
Artisia., i:i
Arwid0, 1622

Ai'vicoha, 1659, 1139
"Arvonian," 1186
Asaphus, 1217, 1238*
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Ascension Island, 68, 342, 441

composition of, 64, 114; primeval
composition of, 70, 1341; geologi
cal action of, 554; movements of,
551; destructive action of, 558; re

Asehe (Zechatein), 1395, 1406
Ascoceras, 1242
Ash, volcanic, 239, 340

Ash-tree, fossil, 1569
Ashgill shalos, 1249, 1251

Ashpringtou volcanic group, 1302
Asia, estimated average height of, 76;
extent of coast-line of, 85; active
volcanoes of, 441

pro-Cambrian rocks in,
Cambrian, 1229; Silurian,
Devonian,

1797

1197;

1289;
Carboniferous,

1311;
Permian,
1389;
1413; Trias, 1452;
Jurassic, 1516; Cretaceous, 1572;
Eocene, 1611

Atmospheric pressure, 555-557; influence of, on volcanic action, 350;
influence of, on water-level,
682, 728, 134

577,

Atolls, 817*, 820
Atracti tes, 1429
A.trypa, 1240*, 1298
Aturia, 1643
Aucella,

1462,

Auchenaspis,

Asphalt, 254, 998
Aspidoceras, 1465, 1495*, 1515
Aspidorhynchus, 1496

1242

Augengneiss, 321
Augite, 136, 171; in meteorites, 27;
converted into hornblende, 1174
Augite-granite, 277

Asplenites, 1440
Aspleuium, 1522, 1589, 1604
"Assise" in stratigraphy, 1128

Assyria, dust-growth on sites in, 565
1465*, 1590,
Astarte, 1414, 1462,
1655, 1658*, 1713
Astartian sub-stage, 1491, 1503, 1506
Asterocalamites, 1353
Asterolepis, 1243, 1288, 1320
Asteropecten, 1296

Asteroph3'llites, 1351*, 1352, 1397
Asthenodon, 1516

Augite-porphyry, 295
Augite-rock, 31:)
Augite-schist, .31 3
Augite-syeniLe, 285

Augite-trachyte, 288
Aulacocoras, 1.429
Aulacopteris, 1362
Aulophyll urn. 1343
Autostoges, 1398
Australia,

pro-Cambrian rocks of,
Cambrian,
1198;
1229; Silurian,
Devonian,
1289;
1312; Carbonifer
ous, 1389; Permian, 1415; Trias,

Astian group, 1665, 1666
Astraospongia, 1235

Astrocania, 1485
Astronomy and geology, 22-23
Astropecten, 1489

Jurassic, 1517; Cretaceous,
1579; Eocene, 1613; Mioceue,1646;
Pliocene, 1675; Pleistocene, 1731;
1453;

Aslylospongia, 1235
Atherfield clay, 1548

Athyris, 1298, 1345, 1413, 1428
Atlantic Ocean, depth and form

productive action of, 564; action of
plants and animals on the, 790

recent deposits in, 1751
Ausweichungsclivage, 903

of

bottom of, 61; volcanoes of, 441
Atlantosaurus, 1474
Atmosphere, currents of, 35, 656;
geological relations of, 62; present

Authigenic, 121 nose
Auvergne, 346, 374*, 391, 394, 410,
416, 417*, 418, 421, 446, .1625,
1718

Avalanches, 103; influence of forest
on, 799
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1398, 1428, 1439, 1462,
1608, 1624, 1656
Avicula-contorta zone, 1438, 1440

Avicula,

Aviculopecten,
1411

1298,

1345,

1346*,

Axinea, 1602
Axinus, 1398*, 1627

Aymestry Limestone, 1255, 1262
Azoic rocks, 1134, 1141
Azores, 67

Barrier-reefs, 819*

Bars of rivers, 672; on coasts, 675,
763
Barton Clay, 1595, 1602; Sands, 1595,
1602

Bartonian, 1611
Barytes, 143

Basalt, 296, 379; vitreous, 297; arti
ficial, 513; weathering of, 148, 592
Basalt-glass, 297
(columnar) structure, 298,
592, 979
Basic massive rocks, 293; gradation
of, into acid, 383, 445, 457, 931
Basaltic

H
BACTRITES, 1299
Baculites, 1528*, 1531
Bagarius, 1674
Baggy group, 1301

Bagshot Sands, 1595, 1600, 1602
Baiera, 1455, 1522
Ba&al, Lake, seals in, 692

Bairtha, 1346, 1440
Bajocian, 1489, 1491, 1506
Baked shale, 238
Bakevellia, 1398*

Basset, 889
Bastite, 137
Batagur, 1674
Bath Oolite, 1482
Bathonian, 1492, 1506
Bats, fossil, 1593

Bavaria, pre-Cambrian rocks of, 1193;
Permian, 1405; Trias, 1446
Beaches, Raised, 45, 484*, 485*, 486*,
1707, 1708*, 1729

Bala group, 1245, 1247
Ba1nopiera, 1621

Beania, 1458

Baltic Sea, increasing salinity of, '11;
ground ice in, 738

Bed or stratum, 837, 1127
Bedded structure, 185

Balanophyllia, 1627
Balanus, 1620. 1715

Bamboo, fossil, 1648

Banded structure, 178, 1054
Bandachiefer, 310 nose, 1005
Banksia, 1633

Bannisdale Flags, 1270
Barbadoes, upraised oceanic deposits
of, 825
Barium, 112
Barnacles, protective influence of, '199
Barometer, indications of the, 556
Barr Limestone, 1255
Barrandeocrinus, 1278
Barrandia, 1238
Barren Island, 429 note

Bear, fossil, 1651
Beaver, fossil, 1635, 1651; geological
action of, 795

Bedding, forms of, 835; false, 839*;
irregularities of, 843; influence of,
on scenery, 1774
Beech, fossil, 1523, 189
Beetles, fossil, 1358, 1466, 1509
Belemnitella, 1529*, 153].
mucronata - zone, 1544, 1557,
1558
pleua-zone, 1544, 1554
Belemuites, early forms of, 1429
Belemnites, 1465, 1467*, 1531
-- jaculum-zone, 1544, 1546
lateralis-zone, 1544, 1546
-

minimus-zone, 1644,1546
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Belemni tes, semicanaiiculatus(-zone,
1544, 1546, 1560

Belgium, subsidence of, 494; peat
mosses of, 805; Cambrian rocks of,
1222; Silurian, 1280; Devonian,
1304, 1305; Carboniferous, 1381;
Cretaceous,

1558;

Eocene,
Miocene,

Oligocene, 1625;
Pliocene, 1651, 1664;

1603;

1638;
Pleistocene,

Bituminous odor of rocks, 191
Black as a color of rocks, 189
Black-band ironstone, 257
Black Crag of Antwerp, 1638
Blackdown Beds, 1544, 1551
Blackheath Beds, 1598
Black Sea, delta in, 680

1719

Beliuurus, 1331
1208*,
Bdllerophon,

Bison-wallows, 800
Bitter Lakes of Egypt, 696
-- spar, 143

"Blake," Three Cruises of, 66
1209,

12:19*,

1241, 1299, 1345, 1411

Limestone
Bellerophon
1411, 1446

(Permian),

Blastoids, 1344
Bleaching action of organic acids, 192
-- by intrusive rocks, 991
Blocks, volcanic, 239, 341

Bellia, 1674

Blood-rain, 573

Bellinurus, 1346

B! -w-holes made by sea, 746
Blow-pipe tests, 160

Beloceras, 1299
Belodon, 1432
Belonites, 205

Belonorhynehus, 1453
Belonostomus, 1580
Beloptera., 1599
Belosepia, 1590

Beloteuthis, 1465

Bembridge Beds, 1619, 1620
Beneckeia, 1440
Bengal, Bay of, volcanoes of, 429
Bennettites, 1458
Bermuda,

dunes of, 226, 573; mane
grove swamps of, 806
Beryx, 1532, 1532*, 1575
Bettongia, 1614
Beula, 1627, 1634, 1663, 1683*
Beyrichia, 1237, 1346, 1356
Biancone, 1514
Biotite, 134

Biotite-trachyte, 288
Birch, fossil, 1648
Birds, fossil, ]473*, 1415, 1538*, 1539,
1540*, 1590, 1617; supposed Tn.
assic, 1432, 1455
Birkhill shales, 1273
Bison, 1662

Blown sand, 226

Blue as a color of rocks, 189
Bognor Beds, 1598
Bogs, 802

Bog-iron, 128, 254, 810
Boghead fuel, 1409
Bohemia, bogs of, 805; volcanic phe
nomena, 444; pre-Cambrian rocks
of, 1193; Cambrian, 1224; Silurian
Silurian rocks,
plants of, 1234;
1282, 1283; Carboniferous, 1385;
Permian, 1400, 1407

Bohnerz, 255, 26'?

Bojan gneiss, 1193
Boiclerian, 1626, 1638, 1664
Bolodon, 1476
Bombax, 1524

Bombs (volcanic), 239, 342*
Bone beds, 249, 1242, 1264, 1366,
1438
breccia, 249
caves, 1073

Bonneville Lake, 689
Bononian, 1501, 1504
Boracic acid at volcanoes, 335, 400
Borax lakes, 689
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Bore in estuaries, 729
Borealis bank, 1276

Brecciated conglomerate, 229; struc.
ture, 183, 1054

Borkholm-zone, 1276
Bornia, 1355
Borrowdale volcanic series, 1249

Breynia, 1644.
Brick-clay, 234
Brick-earth, 225, 599;
1736
Bridger group, 1613

Boric acid, in contact-metamorphism,
1011, 1012
Boricky's method of analysis, 159

Brettelkohie, 1386

Borscale, 125
Bos, 1674
Boselaphus, 1674

Bridlington Crag, 1710, 1714
Brienz, Lake of, 671

Bosses, 937; of granite, 938; of dio
rite, etc., 948; connected with vol
canic action, 946, 951; converted
into schist, 951
Bothriolepis, 1311, 1320

Bothriospondylus, 1498
Bottom-moraine, 716
Bourbon, Isle of, 374, 415, 429

Bourgueticrinus, 1527
Bournemouth, Eocene flora of, 1595,
1601

Bovey Tracey pl:nt-beds, 1622
Bowider-beds, 851
Bow1der-clay, 235, 725, 1691, 1710
Box-stones (Pliocene), 1653, 1654
Bracheux, sands of, 1603
Brachiopods, fossil, 1208*, 1209

Brine springs, 615
Britain, submarine plateau of, 787*
volcanic phenomena of, 341, 438,
442, 443, 982, 1157, 1178, 1202,
1232, 1246, 1247, 1250, 1271, 1272,
1294, 1302, 1316, 1324, 1370, 1371,
1403, 1405, 1623
pre-Cambriau rocks of,
Cambrian, 1210; Silurian,
Devonian, 1300; Old Red

Eocene,

Pliocene,

1695;
1653;

1710; post-glacial, 1747
British Association, underground tem
perature, Committee of, 95

Bradfordian, 1505

Brontosaurus, 1472
Brontotherida., 1636

contact-metamorphism

Brodia, 1358
Bronteus, 1238, 1296*

Brahmaputra, delta of, 680*
Bramatherium, 1650
Branchiosaurus, 1401

Broiitotherium, 1645

Breccia, 230; volcanic, 240

in,

Brockram, 1402, 1435

Bracklesham Beds, 1595
Bradford Clay, 1482, 1492, 1494, 1505

Breaks in succession of organic re
mains, 1099, 1121, 1122, 1126

1244;
Sand

Oligocene,
1619;
Pleistocene, 1680,

Brittany,
1006

Breakers, 734, 744

1167;

stone, 1321; Carboniferous, 1364;
Permian, 1402; Triassic, 1432; Ju
rassic, .1481;
Cretaceous, 1543;

Brachymetopus, 1346
Brachyphyllurn, 1458
Brachytrema, 1493

Brathay Flags, 1270
Brazil, depth of weathering in, 596
Brazilian current, 58

Paheolithic,

Bronze Age, 1.733, 1746
Bronzito, 137; in meteorites, 27
Browgill Beds, 1210
Brown as a color of rocks, 190

Brown coal, 250; of Germany, 1626
iron-ore, 266
Bruxellian, 1603, 1607
Bubalus, 1674

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1801

INDEX
Bucapra, 1674
Buccinum, 1498,

1620,

1634,

1651,

824

1715

Buchenstein Beds, 1446, 1448
Bucklandia, 1458
Buckthorn, fossil, 1522, 1648

Budleigh Salterton pebbles, 1434
Bulirstone, 232, 1612
Bulimus, 1616, 1619
Bumastus, 1259
Bunter (Trias), 1433, 1441, 1446
Burdie House Limestone, 1372

Burlington group (U. S. Carbonifer
ous), 1391
Burnot conglomerate, 1305
Buthotrophis. 1234
Buttes and bad lands of North Amer
ica) 605

Byssacanthus, 1300
Bythinia, 1608

rocks, weathering of, 595
springs, 614

Calceola, 1295, 1297*

Calceola group, 1305
Calciferous Sandstone series, 1366
Calcination by eruptive rocks, 994
Calcite, 122, 141, 153, 216, 244; van
ations in solubility of, according to
crystalline condition, 591; solubil
ity of, 614; comparative durability
of, 812, 1080; in fossilization, 1080

California, metamorphosed Cretaceous
rocks of, 1043; metamorphosed Ju
rassic rocks of, 1043

Cainotherium, 1 618
Cainozoic, defined, 1134, 1583; sys
tems, 1581
Caithness Flags, 1322, 1327
of, 462, 463,

465, 468

Calamites, 875, 1311, 1351, 1397
fJalamocladuB, 1352
Calamodendron, 1352, 1397
Calamodon, 1594

Calamostachys, 1353
Calathium, 1218
Calcaire grossier. 1603, 1606
Calcaphanite, 295

water, 812

Caic-mica-schist, 318, 319
Calcsiuter, 141, 262, 622, 808

Csalpina, 1601
Caffer cat, fossil, 1741
Caillasses, 1603, 1606

Calamophycus, 1234
Calamophyllia, 1461

-

215, 260, 611, 614. 620
Calcium-sulphate, 143

CADURCOTUERIUM, 1618
Oaen Stone, 1505

earthquakes

detritus, disintegration of, 216
fr;tgmental rocks of organic ori
gin, 243
-- organisms, proportion of, in sea

Calcium, 112. 113, 116
Calcium-carbonate, 116, 122, 141, 158,

C

Calabria,

Calcareous composition, 186; deposits,
620, 761, 763, 767, 808, 811, 813,

Calliptericlium, 1360, 1416
Callipteris, 1397
Cailitris, 1588, 1625
Callizoe, 1237

Caflopristodus, 1373
Caflovian, 1495, 1505,

1509, 1513.

1516

Calymene, 1217, 1238*, 1297
Calyptra, 1598

Camarophoria, 1298, 1398
Cambrian system, 1200; base of, 1135,
1165; rocks of, 1202; volcanic ac
tion in, 1202; life of, 1203; plants
of, 1204; in Britain, 1210; limits of,
1211; in Scotland, 1213,1217; fossils
of, found in Silurian system, 1218;
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Ireland, 1219; in Continental
Europe, 1219; in Scandinavia, 1220;
in

in Central Europe, 1222; in North
America, 1226; in South America,
1229; in China, 1229; in. India,
1229; in Australia, 1229

Camelopardalls, 1611
Camels, ancestry of the, 1110
Camelus, 1674
(JaLupanian, 1544, 1560, 1565
Campanile, 1591*
Campinian Sands, 1719
Oamptomus, 1541
Cainptopteris, 1442

Camptosauriis, 1498
Canada, frozen rivers and lakes of, 700;
pre-Cambrian rocks of, 1157, 1195;
Cambrian, 1226; Silurian, 1287;

1309; Old Red Sand
stone, 1332; Carboniferous, 1359,
1391; Trias, 1454; Cretaceous, 1517;
glaciation of, 1679, 1723
Devonian,

Canceflaria, 1589, 1617, 1634, 1657
Caucellophycus, 1507
Canis, 1645

Caflons, origin of, 662, 1779*
Capra, 1674
Caprina, 1528
Caprotina, 1527*

Capulus, 1299, 1657
Carabus, 1468*
Caracal, 1665
Caradoc group, 1245, 1247
Carbon in earth's crust, 112, 113, 116,
123
Carbon-dioxide, 63, 73, 116, 118, 334,
399, 400; increases solvent power
of water, 521, 527; in rain, 581; in
spring-water, 612

Carbonaceous composition, 186
deposits, 248-250
-- rocks, metamorphism of, 1033

Carhonas (mineral veins), 1060
Carbonates, 116, 141, 219; alkaline,

influence

of,

in rocks,

528, 611;

formation of, 587, 619
Carbonic acid (see Carbon-dioxide)

Carboniferous Limestone, 1365, 1367;
fauna of, 1329
Slate, 1376

-- system, 1333; basins of, 1334;
rocks of, 1334; climate indicated
by, 1341; life of, 1342; subdivision
of,

by plants, 1359; in Europe,
1364; in Britain, 1365; in Coiiti

nental Europe, 1380; in France and
Belgium, 1381; in Germany, 1384;
in Bohemia, 1385; in the Alps and
Italy, 1386; in Russia, 1387; in

Spitzhorgen, 1388; in Africa, 1388;
in Asia, 1389; in Australasia, 1389;
in North America, 1390, 1391; met

amorphism of, 1033, 1386, 1387
Careharias, 1674
Carcharodon, 1615, 1664
Cardiaster, 1527, 1556

Cardinia, 1414, 1462
Cardiocarpus, 1354, 1356*
Cardioceras, 1515
Cardiodon, 1494

Cardiola, 1241, 1267*, 1298
Cardita, 1428, 1600, 1624, 1633*,1634,
1655

Cardium, 1428, 1439*, 1462, 1465*,
1528, 1590*, 1617, 1634, 1656, 1713
Carentonian, 1544, 1560, 1564
Carinthian stage, 1446, 1447
Cariophyllia, 1621

Carnailite, 144, 260, 1407
Carniola, subterranean caverns of, 625,
626
Carolinian group, 1645

Carpathian Mountains, old glaciers of,
1117
Carpinus, 1634
Carpelithes, 1409

Carrara, altered Trias of, 1043, 1443
Carstone, 1547, 1553
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Caryocaris, 1237
Caryophyllia, 1526

Caspian Sea, area of, 693; composi
tion of water of, 694; depth of, 695;
dunes of, 572
Cassia, fossil, 1523, 1601
(Jassian beds, 1446, 1448
Cassianella, 1428, 1439*

Ceratiocaris, 1216, 1238, 1261*, 1346
Oeratites, 1427*, 1429
Oeratodus, 1320, 1429
Ceratops, 1537
tJoratops Beds, 1576

Ceratopyge limestone, 1277
Ceriopora, 1344
Ceritella, 1494

Cassidaria, 1599, 1630, 1643, 1655
Cassis, 1599, 1617, 1634, 1655

Cerithium, 1428, 1463, 1529, 1589,
1591*, 1618*, 1639, 1657

Castor, 1662
Oat, fossil, 1635, 1651

iJetiosaurus, 14711, 1532

Castanea, 1627, 1666

Catskill Red Sandstone, 1310
Caturus, 1466
Caulinea, 1522

Cerithium stage (Miocene), 1640
Cervus, 1659
C1aatetes, 1236, 1343

Chalcedony, 120, 126
Chalicotherium, 1618, 1644, 1674

Oaulopteris,1310,1311,1361,1397,1425
Cave-bear, 1142

Chalk, 149, 246; phosphatic, 249, 827;
absorbent power of, 621; marmarosis

by under
623; phosphatic
ground water,
deposits in, 828; preservation of
organic remains in, 1013; Palao
Ethic and Neolithic deposits in,
1137, 1746
Caves, on sea-coasts, as proofs of up

-

Cavernous structure, 181
Caverns, formation of,

heaval) 482

Cebochcerus, 1618
Cellaria, 152'?
Cellepora, 1615, 1646
Cellular structure, 181
Cellulose, 1079
Cement-stone, 261

Cement-stone group, 1369, 1372
Cementation of rocks, 529
Cementing materials of sedimentary
rocks, 224, 231

Cenomanian, 1544, 1551, 1560, 1564,
1567, 1573
Cephalaspis, 1242, 1319*
Cephalograptus, 1251
Cephalopods, evolution of the, 1108;
reach their highest development in
Cretaceous time, 1530

of, 998

Gray, 1553
Nodular, 1557

-- Red, 1546, 1553, 1567
Upper, Middle, and Lower, 1544,
1552

Chalk-marl, 1544, 1552
rock, 1544, 1555, 1556

"Challenger" Expedition, reports of,
66, 69, 11, 73; results of, 681, 758,
761, 164, 161, 768*, 770*, 1077

Ohalyheate waters, 615, 622
Chalybite, 143
Chama, 1519, 1600, 1655
Ohamccyparis, 1605
Chamarops, 1599
Chamops, 1593

Champlain group, 1128, 1729
Ohara forms calc-sinter, 808;

fossil,

1604, 1617*

Oharnwood Forest, rocks of, 1187
Chasmops, 1238
Chazy group, 1288
Oheiracanthus, 1320, 1328
Cheirodus, 1356, 1357*
Cheirolopis, 1321, 1328, 1455
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Cheirotherium, 1436
Cheirurus, 1216, 1238, 1297

Chellean deposits, 1735
Ohelono, 1532, 1599
Chemical analysis in geology, 118,157
synthesis, 118, 160
transformation, heat produced
by, 506
Chemistry of rocks, 219
Chemnitzia, 1398, 1428, 1486, 1657
Chemung group, 1310

Chert, 247, 268, 1335, 1368; pre-Cambrian, 1159; with radiotaria in older
Pakuozoic rocks, 1183, 1252
Chesil Bank, 756
Chester group (U. S. Carboniferous),
1391
Chestnut-trees, fossil, 1589
Chiastolito, 138
slate, 309

Chilesford Crag, 1653, 1660
Chixnborazo, glaciers of, 706

Chondres of cosmic dust, 768, 769*
Ohondrites, 1223, 1234, 1265
Ohonetes, 1241, 1298, 1344, 1414
Ohoristoceras, 1449
Christianite, formed
posits, 770

in abysmal de.

Chromite, 130; in meteorites, 27
Chronology in geology determined by
fossils, 1087, 1092, 1123; relative
value of pre-Cambrian, 1166
Chrysichthys, 1674

Chudleigh limestone, 1301
(iidaris, 1427, 1448, 1461w, 1527
Cimolesies, 1541
Oirnolichthys, 1532
Cirnolodon, 1541

Cimolomys, 1541
Cincinnati group, 1288
Cinder-cones, 417
1521*,

Cinnamomum,
1631*, 1649

1598,

1616,

China, action

Ciply, Crab do, 1560
Cipoliiio, 264

Chione, 1615, 1646

Cirripeds, fossil, 1237
Cissus, 1633

Chitin, 1079

Citric acid as a mineral solvent, 157,

Ohiton, 1398

792
Civet, fossil, 1618

of wind in, 561; pre
Cambrian rocks of, 1197; Cambrian,
1229; Silurian, 1289
-- clay, 140, 234

Chitra, 1674
Chlorides in sea-water, 71; in the air,
65; in rocks, 144; at volcanoes, 335,
389; in springs, 612, 613; in salt
lakes, 694

Chlorine, 112, 113
Chlorite, 140, 619
rocks, 315
schist, 315, 323
Ohioritic Marl, 1544, 1552

Oircumden udation, hills of, 1778
Cirques, origin of, 1786

Cladiscites, 1429
Ciladiscus, 1361
Cladodus, 1347
Cladophiebis, 1455

Cladyodort, 1431
Claiborne Beds, 1612
C1aosnirns, 1537, 1593
Olarias, 1674

Chloritoid, 141

Clastic rocks, 223; determination of,
152; structure, 183, 214, 215
Olathraria, 1458

Chlorophite, 141
Chropotamus, 1618, 1637
Choke-damp, 648

Clausilia, 1668

Chloritization, 1026

Olatlirograptus, 1252
Olathropteris, 1425, 1483
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Clavalithes, 1591*
Clay, definition of, 234; origin of,
140, 233; absorbent power of, 520
Clays, red and gray, of deep sea,

Clouds, formation of, 579

Clay-ironstone, 143, 256, 261, 1331
rocks, 233-235
slate, 235, 309, 323, 535, 543;

Coal,

161

metamorphism of, 1011, 1021; microlites and crystals in, 1021
Claxby Ironstone, 1546

Cleat of coal, 8'? 7
Cleavage, due to pressure, 531; examples of, 532*, 533*, 536*; ex

periments in, 534; origin of, 534;
compared with jointing, 819; rela
tion of, to foliation, 908; strain

slip, 903
Cleaved structure, 182
Cleidophorus, 1240*, 1241
Cleithrolepis, 1453

Clemmys, 1614
Cloodora, 1643
Olopsydrops, 1401
Cliff debris, 225

Olimacammina, 1342
Climacograptus, 1206, 1236

Climate in its geological relations, 49;
indicated by organisms, 1086; in
the Carboniferous period, 1341; in
Jurassic time, 1411; indications of
during Tertiary and
post-Tertiary time, 1585, 1588, 1589,
1591, 1600, 1601, 1627, 1634, 1637,
changes

of,

1641, 1643, 1649, 1650, 1654, 1656,
1660, 1663, 1664, 1668, 1669, 1617

Climatius, 1326
Clinkotone, 289

Clinochiore, 141
Clinometer, 887

Clinton group, 1288
Cliona, 1257

Olisiophyllum, 1343
Clonograptus, 1245

Clyde Beds, 1112
Clymenia, 1299
Clypeaster, 1615
Clypeus, 1461
251*;

chemistry of, 548; columnar, 994; effects of depression
upon, 505
-- Old Red Sandstone, 1327; Car
boniferous,

1336, 1338; Permian,
1394; Triassic, 1440, 1442; Jurassic,
1491,1512; Cretaceous, 1520, 1561,
1568, 1570, 1576, 1577, 1579,1580;

Eoceue,1609; Oligocene, 1626,1630;
Miocene, 16,919, 1644
Coal-basins, origin of, 1334
Coal-measures, 1365, 1378
Coal-seams, channels in, 843*, 845*;
associated with fire-clay, 858; persistence of, 861; joints of, 876;
alteration of, by igneous rocks, 974,
915, 995; mode of occurrence of,
1338;
1350

origin

of,

1338;

flora

of,

Coast-barriers of d&ritus, 675, 763'
Coast-lines, 85; in relation to depth
of sea, 186

Coblenzien, 1305
Cobus, 1674

Coccolite, 136
Coccosteus, 1299, 1319*, 1320, 1328
Cocliliodus, 1341
Oochloceras, 1445
Cod, fossil, 1659
(JcElaster, 1296
Coelenterates, fossilization of, 1080
Ocx]optychium, 1525
Cnites, 1260
Ccenograptus, 1241
Ca3nopithecus, 1592

Coking by eruptive rocks, 995
Coidwell Beds, 1270
Coleoptera, fossil, 1357

Colloid condition of minerals, 120
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Colonies, Barrande's doctnne of, 1284,
1605

Colorado River, average slope of, 631;
canons of, 663, 1779*
Colorado group, 1576
Coloration produced by eruptive rocks,
992
Oolossochelys, 1614
Color of rocks, 189
Columbella, 1656
Columnar

structure,

186,

510,819,

979

(Jornby structure (mineral veins), 1054
Comley Sandstone, 1213
Conioseris, 1459*

Compact structure, 174, 177, 184
Composition of rocks, 186
Compression, effects of, 529, 879,
1019
Compsemys, 1576
Compsognathus, 1471

Coucretionary structure, 122, 184, 853,
85i*, 1728
Condros, Psammites du, 1805
C-iondrusien, 1305

Cones, volcanic, 329; structure of, 358;
origin and growth of, 368, 409, 414;
types of, 417 et seq.
-- alluvial, 665
Conformability, 1064
Congeria, 1658*, 1669
Congerian stage, 1669

Co!1glomerate, 229; schistose,312 ;
volcanic, 240, 343; as evidence of

shore-lines, 852; associated with
sandstone, 860; local character of,
861.; may belong to different hori
zons along the same outcrop, 862;
deformation of, 535; metamorphism
of, 1039

Conglomeratic structure, 184
Conifers, fossil, 1317, 1365*
Coniophis, 1593
Coniosaurus, 1534

Coniston

Flags, 1270;
Limestone, 1249

Grits, 1270;

Coiiocardiurn, 1345, 1346*
Conocophalites, 1208
Conocoryphe, 1205*, 1208
Conodonts, 1242, 1243
Conorbis, 1602

Consolidation due to pressure, 529-531
Contactschiefer, 310, 1005
Contemporaneous igneous rocks, 930,
92

Continents, form and grouping of the,
75; of ancient origin, 15, 771; per
manence of, 502, 1078, 1755
Contortion of rocks, 539, 1758, 1763;
and false bedding, 842; and metamorphism, 1136, 1137
Contraction, effects of terrestrial, 448,

1755
of rocks, 879
Conularia, 1208*, 1209) 1241, 1324,
1847*
Cotnis, 1590, 1591*, 1611, 1637, 1665
Cooling, influence of, on lava, 384; on
underground rocks, 495, 509; of the
earth, 99, 1755

Coombe-rock of Sussex, 1711
Copper-slate, 1407
Copper-ores, diffusion of, 1395, 1406,
1412
Copperas (iron vitriol), in spring wa
ter, 615
Coproiltic nodules and beds, 249, 1070
Coquina, 814
Coral-mud, 766, 815
Coral-roofs, 814; upraised, 483; as
evidence of subsidence, 491, 817,

823; destruction of, by boring
shells, 795; growth of, 814; dis
tribution of, 815; oolit.ic structure
produced at, 816; interstratiflcation
of volcanic detritus at,

816; con
nection with volcanic islands, 821;
Darwin's theory of, 491, 818
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Coral-rock, 245, 816, 1334
Oorallian, 1481, 1496, 1504,
1511, 1513
Coralline Crag, 1653, 1655

Credneria, 1522
1509,

Coralliophaga, 1655
Corals, fossil, 1206, 1236, 1248, 1295,
1302, 1310, 1334, 1342, 1398, 1460,
1485, 1496, 1526
Corbicula, 1511, 1639, 1658, 1713
Corbis, 1495
tJorbula, 1448,'1577, 1590*, 1619
Cordaites, 1354, 1397
Cordierite, 139

(Jornbrash, 1482, 1488, 1492, 1494
Corniferous Limestone, 1310
Corustone, 261
Cornubianite, 322, 1003
Cornulies, 1237, 1266
Cornus, 1612
Corries, origin of, 1786
Corsite, 287

Corundum, 128
Corydalis, 1468*
Corylus, 1623
Corynella, 1525

Coryphodon, 1592
Coseguina, eruption of, 366, 369
Coseismic lines, 465
Cosmic dust, 125, 582, 168, 769*
Cosnioceras, 1465, 1490*, 1495*

Cotham Stone, 1437
Cotoneaster, 1588
Col;opaxi, 333, 344, 352, 364, 394, 396,
414

Country-rock, 1051
Couseranite, 139
Coutehiching rocks, 1196

Crag, 1653, 1618
Crangopsis, 1346
Crania, 1240*, 1493, 1527
Crassatella, 1575, 1600
Crater-lakes, 410

Craters, volcanic, 329, 414, 415
Cray-fish, burrowing habits of, 796

Crematopteris, 1425
(Jrenic acid, 191
Creosaurus, 1516
Crests of mountains, decay of, 1782
Cretaceous system, 1518; rocks of,
1518; flora of, 1521; fauna of, 1524;
valleys of, in Carboniferous rocks,
1534; local development of, 1542;
provinces indicated by, 1518, 1542;

in Britain, 1543; in France and Bel
gium, 1558; in Germany, 1567; in
Switzerland and the Chain of the

Alps, 1569; in the Basin of the
Mediterranean, 1572; in Russia,
1572; in India, 1574; in North
America,

1574;

in

Australasia,

1579; metamorphism of, 1042
Crevasses, 107
Oricetus, 1739
Orinoidal limestone, 246
Crinoids, fossil, 1206,
1344, 1440

1237, 1295,

Crioceras, 1528*, 1530
Cristellaria, 1485, 1523*
Crocodiles, earliest forms
1461, 1534, 1535

of, 1432,

Crocodilus, 1576, 1674
Crossopodia, 1273

Crossopterygithe, fossil, 1321
Orotalocrinus, 1260
Crumpling of rocks, 901

Crushing, heat produced by, 453;
effects of, on rocks, 1023, 1038,
1153, 1115*, 1176*

Crust of earth, 22, 81, 105; composi
tion of, 111
Crustacea, fossil, 1205*, 1201
Cruziana, 1206
Cryolite, 113, 144
Crypha3us, 1291
Cryptocaris, 1238

Cryptoclastic structure, 184
Cryptocrystalline structure, 114
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Cryptodraco, 1498
Cry ptograptus, 1246

Cryptomeri tes, 1491
Crystalline parts of rocks, 194
structure, 119, 174
Crystallites, 119, 205, 512

Cyathophora, 1493
Oyathophylluni, 1237,
Cybele, 1238, 1248
Oycadeosrobus, 1458

Crystallization, experiments in, 509,
513, 521, 525, 528, 530

ondary elilargemenis of, 196, 232
Cteuaeanthus, 1299, 532*, 533*, 1356
Ctenacodon, 1516

Cycas, 1522
Cyclas, 1619

Cteiiodonta, ]20S*, 1209, 1216, 1241
Ctenodus, 1347, 1356
Ctenopliy]lum. 1455
Ctenoptychius, 1347, 1356

Cuboides Beds, 1305
Cucullea, 1297*, 1298, 1596, 1633,
1646
Cuise, sands of, 1603
CuIm, 1359, 1367, 1385
Cuma, 1621

Cunninghamites, 1522
Cupania, 1599

Cupressiuites. 1588
Cupressinoxylou, 1623

Cupressocriiii&e, 1296
Cupressus, 1627
Cupularia, 1656

Current-bedding, 839*; deceptive, In
schistose rocks, 318
Currents of the ocean, 576, 6110 180
Curtonotus, 1298
Curvature of rocks, 894
Custard-apples, fossil, 1617
Cyathaspis, 1323, 1324
Cyathaxonia, 1237
Cyatbeites, 1386
Cyatbina, 1627

Cyathocrinid, 1295, 1344*
yathocrinus, 1231,1248, 1304, j344*,
1398

1295,

1303, 1343*

Oycadiuocarpns, 1458
Cycadites, 1455, 1458
Cycadoidea, 1458

Crystals, corrosion of, in rocks, 195;
different stages of formation of, 270;
iuclosed within crystals, 202*,

1248,

Cycadospaclix, 1458
Cycads, Ago of, 1126; first appear
ance of, 1397; great development
of, 1425

Cyclocladia, 1353
Cyclognathus, 1220
Oyclolites, 1526
Cyclolobus, 1411

Cyclonema, 1241
Cyclones, effects of, 563

Oyclopteris, 1317,1351,1362,1425,1453
Cyclost.igma, 1331, 1363
Cyclostoma, 1624. 1639
Cynocephalus, 1674
Cynodon, 1593
Cynodracon, 1413
Cyphaspis, 1238, 1261*

Cyphosorna, 1526
Cypra, 1590, 1630, 1634, 1656
Cypress-swamps. 1339
Cypricardia, 1485
Oypricardinia, 1303

Cypridellina, 1346
Cypridina, 1296*, 1297
"Cypridinen-schiefer,"
1304, 1305

1298,

1301,

Cyprina, 1462, 1596, 1660, 1133
Cypris, 1501, 1568
Cyreua, 1488, 1500, 1568, 1590*, 1617,
1666

Oyrtia, 1298
Cyrtina, 1303, 1428

Cyrtoceras, 1216, 1241, 1247, 1299,
1346, 1398,1399
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Dasyurus, 1676
Dawsonella, 1359

Cyrtograptus, 123
Cyrtopleurites, 1449

Cyrtotheca, 1215
Cystideans, 1206, 1237, 1296, 1344;
as type-fossils, 1090
Oysiphylluin, 1295, 1303
Cythere, 1249, 1346
Cytherea, 1590, 1617", 1634,

1657,

1733

D
DACUSTEIN LIMESTONE, 1446

Dawsonia, 1401
Davidia, 1209
Davidsonella, 1229
Dead Sea, composition of water of,
694, 695
Deccan traps, 439, 1574
Deer, ancestral forms of, 1592, 1635.
Deformation of rocks, 535, 904, 1020,
1151; exaggerated views of effects
of, 1021, 1153

Dacite, 290

Deinocerata, 1594*

Dactylopora, 1003
Dadoxylon, 1317, 1355, 1403

Dei1lotherium, 1634, 1635*, 1650

Dacrytherium, 1618
Dactyloidites, 1206

Dakosaurus, 1498
Dakota group, 1576

Dala Sandstone, 1191
Dalmanites, 1239, 1297
I)almatia, subsidence of, 494
Dalmatinus, 1446
"Dairadian" series of Scotland, 1040,
1183

Dalsiand group, 1192
Dalveen group, 1273

Dammara, 1454, 1522
Pamonia, 1674
Damourite, 135
Damuda Beds, 1097, 1414, 1453
Dancites, 1522

Danian, 1544, 1557, 1560, 1565, 1582
Danube, mineral water dissolved in,

643; sediment suspended in, 650;
delta of, 680; area of, 'P75; amount
of rock removed by, 775

Daonella, 1428

Dapedius, 1429, 1466
Daphenus, 1645
Daphne, 1633
Dare1iteg, 1411
Dasornis, 1590
Dasyceps, 1403

Deinosaurs, 1431, 1470, 1471, 1532,
1536, 1593
Deister Sandstone, 1568
Dejection, cones of, 666
Delessite, 141, 619
Deiphinus, 1659

origin of, 671, 676, 677; in
the sea, 676; entombment of organic
remains in, 1073

Deltas,

Deltocyatlius, 1615

Denbighshire grits, 1255, 1268
Dondrerpeton, 1401
Dendrilic forms, 130
Dendrocrinus, 1206
Dendropupa, 1359
Denmark,

peat-mosses of, 804, 805,
1745; shell-mounds of, 1745
Densities, plinetary, 24

Density of solid and melted bodies, 104
Dentalina, 1485
Dentalium, 1645, 1715
Denudation,

subaerial,

771; marine,
781; relation of, to movements of
the earth's crust, 501, 784, 1755;
effects of, 928, 929*, 938, 939, 944,
1037, 1753; pro-Cambrian,
1157;
and deposition, '771, 788, 1157; and
upheaval, 481, 496, 497; terrestrial
features due to, 1772

Deoxidation, 584, 618, 792
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Deposition, inequalities of, 849; rela
tion of, to movements of the earth's
crust, 500, 784, 1755; and denuda
tion, 171, 788,
sion, 481, 500

1151; and depres

Depression, terrestrial (see Subsidence)
Derbyia, 1415
Desert sandstone, 1580
Deserts, 562, 568, 572
Desmosite, 310, 1005

Dictyocaris, 1238
Dictyograptus, 1206, 1217
Dictyonema, 1206, 1217
Dictyoneura, 1358
Dictyopyge, 1453
Dictyoxylori, 1362
Dicynodon, 1430

Dicynodont rep( iles, 1431
Didelphops, 1541
Dideiphys, 1599

Detritus, 208
Deutzia, 1621

Devillien, 1223

De vitrification, 175, 179, 204, 207, 211,
212, 214, 280, 281, 283, 382, 393,

511, 522, 526, 527, 588, 955*, 956
Devonian system, 1290; rocks of,

1293; life of, 1294; in Britain,
1300; in Central Europe, 1304; in
Russia, 1308; in North America,

1309; in Asia, 1311;
asia, 1312
Dew, impurities in, 583

Dicranograptus, 1233*
Dicroceras, 1635

in Austral

Didymaspis, 1323
Didymites, 1429

Didymograptus, 1233*, 1236
Diestian stage, 1638, 1655, 1664
Dikelocephalus, 1209
Dikes, 357L, 358*, 376, 398, 438,
958, 966*, 974*, 1623

Diluvial formations
"Dimetiai," 1187

(see

Pleistocene)

Diabase, 295

Dimorphodon, 1410
Dimorphograptus, 1270
Dinarites, 1451

Dialiage, 137
Diamond, 124; in meteorites, 2?
Diastopora, 1461, 1493

Dioonites, 1455, 1458
Diopside, 136; in meteorites, 27
Diorite, 286; bosses of, 948; contact

Diabase-aphanite, 295
Diaclase, 873

Diastrome, 835
Diatom-earth, 247, 807, 1645
Dicellograptus, 1236
Diceras, 1503
Diceratherium, 1645
Diceratian sub-stage, 1504
Dichobune, 1593
Dichodon, 1593, 1621
Dichograptus, 1245
Dichroism, 171
Dichroite, 139
Diclonius, 1536

Dicotyledons, earliest, 1317,1318,
1522,
1569; final predominance
of, 1586

Dingle Beds, 1331
Diniclithys, 1311, 1321

metamorphism by, 950; conversion
of, into schist, 591, 1040

Diorite-schist, 314, 950, 1040
Diospyros, 1599
Dip of strata,
889
Dip-faults, 917

887;

qu-qu-versal,

Dip-joints, 876
Diphya Limestone, 1513
Diphyoides beds, 1514

Diplacanthus, 1320
Diplocynodon, 1516, 1602
Diplograptus, 1233*, 1236
Diplopora, 1448
Diplopterus, 1321
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Diplopus, 1592

Dorycordaites, 1381
Dorypyge, 1229

Diplospondylus, 1401
Dipriodon, 1541

Dosinea, 1677

Diprotodon, 1675
Dipteronotus, 1436

Douarnonez, Phyllades de, 1223
Downtoi Castle Sandstone, 1255, 1266

Dipterns, 1319
Dipyre, 139

Drainage, effects of, 831

Dipyre-slate, 309
Dirt-beds, 1084, 1500
Discina, 1201*, 1240*,

Drainage-lines, pormunence of, 1774
Dreissena, 1639

1497,

Drift-wood,
1344,

1356,

1545

tuiscinocaris, 1237, 1238
Discites, 134)7*
Discoidea, 1527, 1553
Discosaurus, 1535
Disintegration of rocks in situ, 596,
724, 1689 (see under Weathering)
Dislocation of rocks, 541, 909 (see
under Faults)
Dislocation-metamorphism, 988 note
Dithyrocaris, 1346
Ditroite, 285
Ditrupa, 3485, 1606
Docodon, 1516

Dog, fossil, 1618; introduction of do
mestic, 1745
Dogger (Jurassic), 1482, 1491, 1511
- Bank, origin of, 764

Dogwood, fossil, 1523
Dolerite, 294; weathering of, 593;
bosses of, 948; melting down of
contact rocks by, 949
Dolgelly Slates, 1216
Dolichopithecus, 1651, 1665
Dolichosaurus, 1534
Dolichosoma, 1401
Dolinas, 624, 1572

Dolomite, 143, 264, 1335; weathering
o, 586, 594; formation of, 695
Dolomitic Conglomerate, 1435
Dolomitization, 546, 547, 1026, 1335
Domite, 289
Dorcatherium, 1644, 1674
Dormouse, fossil, 1618

transport of, by rivers,
marine
accumulations of, 763
671;
Dromatherium, 1432
Dromornis, 1675
Dromotheriurn, 1618, 1611
Druid-stones, 604
Drums or drunilius, 1692, 1727
Drusy cavities, 123, 182, 195, 1054
Dryandra, 1601, 1617, 1633
Dryandroides, 1617
Dry&estes, 1516, 1541
Dryophyllum, 1522
Dryopithecus, 1635, 1636*

"Dry way" analysis, 161
Dudley Limestone, 1255, 1260
Dufton shales, 1250
Dunes, 226, 568; protected by vegeta
tion, 198
Dunite, 300, 316
Dunstone, 547, 1369
Dura Den beds, 1322, 1329
Durance, sediment in the, 650
Durness Limestone, 1169, 1214, 1218
Dust in the air, 65; growth of, on the
surface of the land, 564; volcanic,
364

Dust-storms, 565, 573
Dyas, 1393

Dynamical metamorphism, 988
Dwarfed organisms, evidence of, 1085
Dwyka Conglomerate, 1415
Li
EAGLE-STONDS, 256
Earth, crust of, 22; relations of, in
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Solar system, 23; density of, 24,
86; form and size of, 31; distribu
tion of sea and land on, 33; earliest
surface of, 33; movements of, 34;
axis of, 36-42; changes of centre
of gravity of, 43; eccentricity of
orbit of, 37, 51; crust of, 87, 88,
101, 112; interior of, 89, 99, 100,

105; internal heat of, 92; rigidity
of, 102, 106; age of, 107; sources
of energy in, 325; origin of surface
features of, 496, 1753; contraction
of, 109, 498, 1755

Earthquakes, 459; amplitude of earth
movements in, 461; velocity of,
462; duration of, 463; influenced

by geological structure, 464; some
times arise from volcanic action,
353; extent of country affected
by, 466; geological effects of, 468;
distribution of, 473; origin of, 474,
627; jointing of rocks referred to,

880; sandstone dikes produced by,
965; destruction of life by, 1074
Earth-pillars, 603

Earth-worms, geological action of, 598,
601,794
Eatonia, 1278
Ecculiomphalus, 1247
Echini, embryonic development
1108

of,

Echinicls, Cretaceous aspect of deepsea forms of, 1526
Echinobrissus, 1461, 1527
Echinoconus, 1524*
Echinocorys, 1524*

.Echinoderms, fossilization of, 1082;
maximum development of, 1343
Echinoids,
1461

early

predominance

Echinospatangus, 1546
Echinospherites, 1237

Ecliptic, change in obliquity of, 38
Eclogite, 315

of,

Edmondia, 1345, 1398
Efflorescence products, 576
Egein, Oligocene beds of, 1626

EiIel, volcanoes of, 337, 343, 363, 400,
410, 417, 973
Eifelien, 1305
Elmolite, 134
Eho1ite-syenite, 285
Elasmosaurus, 1535
Elbe, discharge of, 635; influence of
man on, 635; mineral matter dis.
solved in, 642; sediment suspended
in, 650

Elements, chemical, 112, 123
Elephas, 1650*, 1700

Elephas autiquus, Age of, 1742
Elevation, at volcanoes, 395, 427; by
earthquakes, 472 (see Upheaval)
Elevation-crater theory, 385, 411
Elgin Sandstone, 1430

Elginia, 1430
Elk, Irish, 806, 1742; final extinction
of, 1744, 1745
Euipsocephalus, 1205*. 1208
Elm, fossil, 1569, 1589, 1648
Elonichthys, 1373

Elotherium, 1645
Elton Lake, composition of water of,
694, 695
Eluvium, 568
Elvan, 277, 961
Embryonic development, 107
Empyreumatic odor of rocks, 192
Emyda, 1674
Emys, 1575, 1621
Enaliochelys, 1498
Enaliornis, 1 537

Enaliosajirs, 1468, 1469*
Enalloerinus, 1278
Enchodus, 1532
Encrinite Limestone, 246
Encrinurus, 1239
Encrinus, 1427*
Endoceras, 1241
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Endomorph, 120, 126
Endothyra, 1342
Energy,
326

sources of geological,

325,

Enstatite, 137, 513; in meteorites, 27
Enstatite-dolerite, 295
Entelodon, 1618
Entomis, 1215, 1237, 1296*, 1297
Entomoceras, 1452
Entomostraca, 1119
Eobasieus, 1595

Erbray Limestone, 1307
Erie Lake, area of, 1.727
Erinnys, 1205*, 1215
Erosion,
land,

contemporaneous, 846; of
fundamental law of, 1772;

conditions governing, 1772;
influ-ence
of angle of slope on rate of,
1772; permanence of drainage lines
in, 1774

Eocene, defined, 1582
-- system, general characters, 1587;
flora of, 1588; fauna of, 1589; in
Bitaiu, 1595; in Northern France
Belgium, 1603; in Southern
Europe, 1608; erratic blocks of,
1608; in the Alps, 1610; in Italy,
1611; in India, 1611; in North
America, 1612; in Australasia, 1613
and

Eohippus, 1109, 1594
Eohyus, 1594
Eosaurus, 1391

Erratic blocks, 225, 716, 1691, 1701;
of Carboniferous age, 1336
Eruptions, volcanic, 352, 353,
432 (see under Volcanic)

358,

Eruptive rocks, 269, 928
Ervilia, 1640
Eryma, 1485
Eryon, 1465

Escarpments, origin of, 1787
Esino Limestone, 1446
Eskers, 1706
Estheria, 1296,

Eoscorpius, 1358*
Eozoie rocks, 1130

1328,

1427*

1346,

1356,

Estuaries, turbidity of, 672; deposits
of, 673

Eozoon, 1161

Epiaster, 1557

Ethmophyllum, 1206
Etna, volcanic geology of, 329, 330*,
331, 335, 341, 347, 352, 356, 357,

Epicampodon, 1453
Ephemera, fossil, 1318
Epidiorite, 287. 314;
origin of, 1025

Equisetum, 1425, 1457
Equus, 1650, 1662

metamorphic

schist, 314

Epidosite, 31.5
Epidote, 138

rocks, 315
-- schist, 315
Epidotization, 1025

Epigene action, 326, 554
Eppeisheim, bone-sand of, 1639, 1668
Epsomites, 537
Equatorial current, 577
diameter of earth, 31

Equinoxes, precession of, 37, 61
Equisetites, 1397

361, 371, 375, 378, 386, 390, 392,
394, 395, 417, 422*, 423; date of

appearance of, 1667
Eucalyptocrinus, 1237
Eucalyptus, 1522, 1588
Euchirosaurus, 1401
Eucladia, 1237
Eudea, 1426
Eugenia, 1599
Eugnathus, 1429, 1486
Eukeraspis, 1242
Eulimene,

1656

.1241,
Enomphalus,
1346*, 1414
Eupatagus, 1615

1267*,

1299,
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Faults, 910*;

Euphoberia, 1357
Euphotide, 293

throw of, 912*, 913; hade of, 912;
origin of, 913; normal, 542, 914;

Eurite, 278; schistose, 322
Euritic structure, 210

Europe, estimated mean height of,
76; extent of coast of, 85; vol
canoes of, 441 (see under Britain,
France, etc.)
Eurycare, 1220
Eurynotus, 1348*
occurrence
Eurypterids,

of,

1239,

1261, 1296*, 1321, 1346

Eurytherium, 1618
Evaporation and river-discharge, 632

Evolution,
geological
progress of,
1096, 1106, 1110; evidence of pre
Cambrian, 1165
Exogyra, 1462. 1465*, 1526*, 1527
Exosiphonites, 1263

Experience, duration of human, 325
Explosion-lakes, 410
Explosions, volcanic, 360, 373, 391
Exsulans-kalk, 1220

Extinction, angles of, in microscopic
investigation, 170
Exlracrinus, 1460*

Exudation-veins, 177
F
FABOIDEA, 1588
Fabularia, 1607
Facies, paheontological, 1121
Fagus, 1623, 1666
Fahlbands, 1062
Fairy-stones, 855*
Fakes, 231

False-bedding, 839*
Faluns of Touraine, 1637
Famennien, 1305
Fan-shaped structure, 901*, 1765
Fascicularia, 1655, 1656*
Fasciolaria, 1637
Fassaite, 136

nature of, 541, 911*;

reversed, 542, 914; thrust-planes,
915; dip and strike, 917, 920*;

heave of, 919*; effects of, on an
ticlines and synclines, 921*; dy
ing out of, 922; groups of, 923*;
step-, 924*; trough-, 925*; origin
of, 541; detection and tracing of,
925; and dikes, 966; in mountain
structure, 1762
Fault-rock, 230
Fauna, preservation of remains of ter
restrial, 1071; evolution of, 1096.
1110
Favosites, 1236, 1295, 1343
Faxoo, highest Cretaceous rocks of,
1582

Feel of rocks, 191, 316
Feich MounLain series, 1196
Fells, 1668

Felsite (Felstone). 149, 280, 286
Felsitoid rocks, 316

Felsophyre, 176
Feispars, 131, 514.; decomposition of,
587
Fe]spar- amphibolite, 314
Feispathic composition, 186
Fenestella, 1215, 1239, 1344, 1390.
1398
Ferns, fossil, 1317, 1350
Ferric oxide, 117, 118
Ferrite, 218
Ferrous carbonate, 122, 143, 615
-- oxide, 118; oxidation of, 584
sulphate, 615
Ferruginous cement, 231
deposits, 254
Fetid limestone, 261
odor of rocks, 192
Fibrolite, 139
Fibrous structure, 183
Ficula, 1655
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(atavina) 1521*, 1522, 1597,
1666
(decandoUeafla) 1632*,
1648
Fig, fossil, 1521*, 1589, 1617,
Filanientous structure (mineral veins),
Picus,

1054

Filaments in crystals, 203
Fire-clay, 234; association with coal,
858, 1338

Firths, origin of, 493
Fishes, causes of mortality among
marine, 1076, 1329, 1453; shells
broken by, 1655
fossil, 1242, 1265, 1299, 1319*,
1320, 1346, 1348*, 1357, 1399*,
1400*, 1453, 1466, 1531, 1532*
earliest teleostean, 1532

deposits formed of,

Fissility, kinds of, 838
Fissuretla, 1656
Fissures, volcanic, 328,
caused

by
rocks, 909

Flood-plains, 668; heightened by fil
tering action of plants, 798
Flora, preservation of remains of ter
restrial, 1071; comparative rate of
evolution of, 1096, 1111, 1577;
earliest terrestrial, 1235

Flucan, 1053

Firn, 704

813

700, 703

Flow-structure, 178, 213*

Fire-marble, 245
Fire-wells, 401

Fish-excrement,

Floods, 630, 633, 641, 648, 654, 668,

355,

earthquakes,

373;
468; in

Fissure-eruptions, 328, 360, 378, 432,
1623, 1711
Fissurirostra, 1566
Fjelds of Norway,

an

land, 83

Fjords of Norway, as
subsidence, 493
Flabellaria, 1523, 1625

old

table

evidence of

Flabellum, 1630
Flagstone, 231

Flammenmergel, 1568
Flat-works, 1061

Pleckschiefer, 310, 1005

Flexures, various types of terretria1,
1158
Flint, 241, 268, 825, 1519
Flinty structure, 181, 188
Floe-ice, 738, 754

Fluor-spar (Fluorite), 113
Fluorides, 144,
Fluorine, 112; at volcanoes, 335; in
fluence of, on precipitates, 528
Flustra, 1607

Fluxion-structure, 178, 213*
Flysch, 1570, 1587, 1609, 1610, 1629
Foliated structure, 183, 188
Foliation, cause of, 943, 1001, 1012,

1019, 1020, 1045; artificial imita
tion of, 553
-- and cleavage, 908, 1028; and
1028, 1171,
thrust-planes, 915,
1175*, 1176*, 1177*; and bed

cling, 1027, 1028
Footprints in rocks, 851*, 852*
Poraminifera, 1119; protective influ
ence of, 800; deposits formed by,
824

Foraminiferal ooze, 245*
Fordilla, 1209
Foreland Grits, 1301

Forests, geological influence of, 194,
798, 799, 831; submerged, 489,
490* 11, 1729
Forest-Bed
1660

group of

Cromer,

1653,

Forest Marble, 1492, 1494
"Formation," definition of, 1128

Formations, geological, 1120
Fossil, definition of term, 1069
Fossils, nature and uses of, 15, 872,
1070, 1084; evidence of cleavage
from,

536*;

stratigraphical value
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of, 932; show changes in physical geography, 1084; fix geological
chronology, 1087; typical, in stratig

raphy, 1090; may prove inversion,
1091; prove the relative chrono
logical value of unconformabilities,
1098; subdivision of the Geologi
cal Record by, 1102; collecting 0,
590, 1112; earliest known, 1160;
dwarfed

forms
of,

of,

1315,

1113,

1115

1407;

weathering
Fossilization, 1078, 1079
Fox, Arctic, fossil, 1700, 1742
-- fossil, 1651, 1662

188;

effects of, in rocks,

Fragmental rocks, 223; of organic
origin, 243; of volcanic origin,
233, 340
Fragmental structure, 183
Fragmeutenkalk of Seania, 1220

France, ancient volcanoes of, 443 (see
Auvergne); raised beaches of, 486;
subsidence of coast of, 491; peat

mosses of, 804; metamorphism in,
1043
-- pre-Cambrian rocks of, 1192;
Cambrian, 1222; Silurian, 1280; De
vonian, 1304; Carboniferous, 1381;

Permian, 1408; Trias, 1438; Juras
sic, 1500; Cretaceous, 1558; Eocene,
1602; Oligocene, 1623; Mloceno,
1637; Pliocene, 1664; in the Pleis
tocene period, 1679, 1683, 1717; in
Post-glacial time, 1746

Frasnien, 1305
Freestone, 231

Fresh-water, destructive effects of, In
the sea, 1016
033,

647,

648,

Fronciicularia, 1485

Frost 589, 698; influence of, on riv
ers, 647; effects of, on soils and
rocks, 699, 879
Fruchtschicfer, 310, 1007

protective influence of, 198,
801; peat formed from, 802
"Pucoid Bed" (Upper Ludlow), 1205
Fuci,

Fuller's Earth (Jurassic), 1482, 1491,
1505
Fumaroles, 332. 389

529, 539
of rocks, 14-9-154

Freshets, 630,
100, 703

Friendly Islands, 68
Fringing coral-reefs, 818

Fulgurites, 558
Fuller's earth, 234

Fox Hills group, 1576
Foyalte, 285
Fracture,

Friable texture, 188

054,

"Fundamental complex," 1195
Fundy Bay, tides in, 729
Fusion, experiments in, 510;
by lightning, 558, 559

caused

Fusion-point lowered by the presence
of water, 524
Fusuliua, 1342, 1389, 1411
Pusulinella, 1389
Fusus, 1529, 1590, 1591*, 1617, 1638,
1659*
G
c4-ABBR0, 293;
iron in, 126

schistose, 313; native

Gaize, 1505, 1562
Gala group, 1273
Galeocerdo, 1607
Galerites, 1524*
Galethylax, 1618
Galiuin, 1722
Gallus, 1671

Gangamopteris, 1414, 1415
Ganges, periodic rise of the, 630; in.
fusoria in water of, 646; sediment
carried by, 650; delta of, 680*;
area of,

amount of material
removed by, 715
Gangue, 1053
175;

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
1817

INDEX
Gannister, 234
'Beds, 1365, 1379
G'ar&odus, 1493

Garbeusehiefer, 310
Garialis, 1607, 1674

Garnet, 139; fusion of, 516
rocks, 315
Garumnien, 1560, 1566

Gases in the air, 64; at volcanoes,
331, 399; in rain, 581; in springs,
611
Gas-cavities in crystals, 196
Gas-eruptions, 400, 407, 410

Gas-springs, 400
Gas-spurts, 852

Gash-veins, 1061
Gaspé sandstones, 1333
Gastoruis, 1590
Gastrioceras, 1412
Gaudryina, 1523*
Gault, 1544, 1549, 1568, 1573
Gaylu salts, 697
Gazella, 1659

Gedinnien, 1305
Geikia, 1430
Gelidium, 1234
Gelocus, 1618

Geneses group, 1310
Geneva, Lake of, 672, 682,683, 686,
688
Geognosy, 62

Geography, geological, 1477
International,
Geological
Congress,
1128
Geological Record, 17, 1120; imper
fection of, 1098, 1126; subdivisions
of, 1127, 1128

Geological Society of London, influ
ence of, on progress of geology,
21
Geological structure, influence of, on
marine erosion, 750; on topogra
phy, 1774
Geological Survey of Great Britain,

work of, in N. W. Scotland, 1037,
1169, 1173
Geology, definition of, 13; wide basis
of, 14, 15; special domain of, 14;
based on study of present economy of
nature, 16; uniformitarianism in, 17;

cosmical, 18, 21; geoguostical, 18,
62; dynamical, 18, 324; geotectonic
or structural, 19, 834; paheonto
logical, 20, 1069; stratigraphical,

20, 1120; physiographical, 20, 1752
Gephyroceras, 1299
Gera&um, 1627

Germany, pre-Cambrian rocks in, 1193;
Cambrian, 1224; Silurian, 1285; Devonian, 1304; Carboniferous, 1384,
1385; Permian, 1405; Trias, 1438;
Jurassic, 1509; Cretaceous, 1567;
Oligocene, 1626; Miocene, 1638;
Pliocene, 1668; glaciation of, 1683;
Post-glacial deposits in, 1748

Gervilhia, 1428, 1462
Geyserite, 267, 402, 405

Geysers, 402, 403*, 617, 623
Giants' kettles, 722, 723*, 1690
Gigantosaurus, 1498
Gingko, 1397, 1522

Giraffe, fossil, 1671, 1674
Girvanofla, 263
Givet, Calcaire de, 1302
Givetien, 1305
Glacial deposits, in Britain, 1710; in
Scandinavia, 1715; in Germany,
1715; in France, 1717; in Belgium,
1719; in the Alps, 1719; in Russia,
1722; in North America, 1723; in

India, 1730; in Australasia, 1731
Glacial Period, succession of events
in,
1681;
episodes,
interglacial
1681, 121 ; traces of pre-glacial
land-surfaces, 1681; traces of the
northern ice-sheet, 1682; snowfall
greatest in Europe toward the west,
1684, 1688; thickness and move-
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ments of the ice, 1688; identity of
general configuration of the pro

glacial surface with that of present
time, 1687; fracture and crumpling
of rocks by the ice, 1691; detritus
of the ice-sheets, 1691 ; bowldor

765, 1519; as a petrifying agent,
1081
Glaucouite Limestone, 12'16
-- Saud, 1243, 1276
Glauconitic Marl, 1544, 1552
-- Sandstone, 232

clay or till, 1691 ; iutcrglueial beds,
1695; remarkable fauna, 1699: evi
dences of submergence, 1700, 1711;
second glaciation, 1702; re-eleva

Glauconome, 1249, 1344
Glaucophano, 136

glacial lakes, 1707; c1oiug stages
of the period, 1708; cifecls of the
cold on the mammalian fauna of
the northern hemisphere, 1709

Globigerma ooze, 166
Globulites, 205

tion aud raised beaches, 1702, 1707;
latest valley-glaciers, 1104; relies
of the melting ice, kaines, 1706;

Glacial periods, evidence of succes
sive, 50 (see lee-action)
Glaciêres, 610
Glacier-ice, 258

Glaciers, 703; motion of. 703; of the
first orler. 709*; of the second
order, 710; re-cemented, 712*; ice
falls from, 712; lakes formed by,
713, 1690, 1784; transport by, 713;
erosion by. 719, 1682, 1692; sup
posed evidence of, in ancient gee

logical fortna1iori (see Ice-action);
former greater size of. 1720
¬4-lass, formation of natural, 119; in

rocks, 204, 212, 511; production
of, by fusion of rocks, 512; con
traction of, in becoming litliold,
517; clevitrification of, by heated
water, 522, 526 (see under Dovitrification); devitriticai.ion of, by
weathering, 588; value of, as test
of eruptive character of rocks, 933;
occurrence of, in dikes, 969

Glass-inclusions in crystals, 201
Glassy, defined, 119
structure, 118, 270, 933

Glauconite, 141; in marine deposits,

Glaucophane-schist, 314
Gleichenia, 1522
Glongariff Grits, 1331
Glenkilu Shialos, 1252
Globigerina, 1426, 1523

Glossocoras, 1 278
Glossograptus, 1246, 127'T
Glussopteris, 1389, 1397, 1415, 1416,
1425
Glossozanmites, 1-152, 1458
Glutton, fossil, 1662, 1700, 1742
Glyplnea, 1485
Glypt area, 1216
Glyptaspis, 1288

Glyptichus, 1504
Glypticiui sub-stage, 1504
Glyptocrinus, 1237
Glyptoderidron, 1234
G-lyptohmus, 1329
cTlyptolepls, 1321
Glyptoponius, 1329

Glyptostrobus, 1634, 1648*, 1649*
Gneiss, 304*, 320, 323; igneous origin
of some, 321, 1021, 1141, 1150,
1151,

1110; bmded structure of,
1144; associated elastic rocks of,
1145, 1146, 1156, 1115; absence

of stratigraphical subdivisions in,
1145, 1154; regarded as part of
the original crust of the globe,
1147; analogy of, with structure
of intrusive sills, 306, 1148, 110,

1152, 1111, 1112; supposed sedi
mentary origin of, 1149; gradation
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of, into granite, 1150; mechanical
deformation of, 306, 321, 1021,

1151, 1153, 1155, 1171, 1173; dif
fereuces of age in, 1152, 1155; pro
duction of, by granitization, 1003,
systems of dikes in, 1155;
possible association of, with vol
canic action, 1156, 1176; graphite
1153;

in, 1162, 1176; pegmatite veins of,
1170*

Gneiss, Fundamental, 1138
Gneiss-mica-schist, 319
Goat, introduction of, 1745
Gobi, desert of, 572
0-omphoceras, 1299
Gondwina system, 1414, 1453
Goniaster, 1489
Goniaiites, 1299, 1347*, 1411
Goniobasis, 1577
Gouioglyptus, 1453
Gouiomya, 1462

Goniopholis, 1467, 1534
Goniophora, 1241, 1266, 1267*
Goniopteris, 1417

Gopher, geological action of, 795
Gordonia, 1430
Gossan, 125
Gosau-beds, 1571
Gracu]a3vus, 1539
Graham's Island, 425, 431
¬+ra.mmysia, 1263, 1278, 1298
Granite, 272; traces of glassy base
in, 277; absorbent power of, 521;
weathering of, 592, 594*; joints
of, 881; intrusive nature of, 931;

eruptive bosses of, 938; depth of
consolidation of, 199, 939; temper
ature of consolidation of, 524, 990;
wide

of

range
geological age of,
inclosed substances in, 940;
concretionary or globular, 940; Va

939;

riations in texture of, 941; effects
of pressure on, 941; relation of,
to contiguous rocks, 943; contact-

metamorphism by, 943, 959, 991,
1003; connection of, with volcanic
rocks, 946; necklike forms of, 946;
supposed metamorphic origin of,

947; eruptive nature of, 948; lami
nar structure in, 948; Veins of,
959;.

impregnation by, 959; apo
physes of, 962; pegmatite veins
of, 964*, 965*
G-ranitic structure, 174, 175
Granitization, 948, 960, 1002, 102,
1153
Granitite, 276

G-ranitoid. structure, 209, 271
Granophyre, 176, 275, 278

Granophyric structure, 210
Granular structure, 177, 270
Granulite, 277, 322, 323
Granulitic structure, 178. 210, 322
Granulitization of rocks, 1023, 1153,
1171, 114

Graphic structure, 175, 276*, 964
Graphite, 124, 254, 1034; in Lauren
tian gneiss, 1163

Graphite-schist, origin of, 1033, 1034
G-raptolites, as type-fossils, 1090,
1236; Cambrian, 1206; Silurian,
1233*, 1236; Devonian, 1294
Graploiltic Mudstones, 1270
Gravel and sand rocks, 223
Greece, metamorphic rocks of, 1041;
Cretaceous, 1572; Eocene, 1608;
Pliocene, 1670

Green as a color of rocks, 190
Greenland, native iron of, 126; sinking of, 494; effects of frost in, 699;
glaciers of, 704, 709, 726; ice-sheet
of, 705, 725; former glaciation of,
718; climate of, in Cretaceous time,

1522, 1579; Miocene deposits of,
1643
Green Mountains, metamorphism in,
1041
Green River group, 1613
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Greensand, Cambridge, 1544, 1552
Lower, 1544, 1548
Upper, 1544, 1550
Greenstoue, 287, 294; bosses of, 948
Greisen, 2'17

Gyroporolla, 1426
Gyroplichius, 1321
H

Grôs Armoricain, 1223, 1281

RADE of faults, 912

Grês bigarró, 1.441
Gresslya, 14(32

Iimatite, 128, 266

Grevillea, 1597

Guano, 248, 727
Gray as a color of rocks, 189
Graywac.ke, 232

Graywacke-slate, 238
"Gray Wethers," 231, 604, 1603
Gd t1 thides, 1346
Grit, 231
Gritty structure, 184
GrUdeu Sandstone, 1411, 1446
Ground-ice, 100, '138

Ground-moraine, 116, 125, 1691
Ground-swell, 734
Group in stratigraphy, 1128
Grus, 1671
Grypthea, 1462, 1463*
Gryphile Limestone, 1462

Gulf Stream, 57, 58; influence of, on
climate, 140; transport of silt by,
758

Gulo, 1662, 1742

Gum-trees, fossil, 1616

Guttenstein Limestone, 1446
Gymnograptus, 1277

(ypseous composition, 186
Gypsum, 124, 125, 143, 149, 265, 399,
520, 586, 1395, 1404, 1406, 1644,
1666, 1670
precipitated from sea-water, 694,
695; decomposition of, 696; solu
tion of, 696
of Paris basin, 1607, 1624

Gyracanthus, 1356
¬yroceraa, 1299, 1391, 1399
Gyrodus, 1466
Gyrolepis, 1429

HaclroszLurus, 1536
Haggis-rock group, 1213
Flail, geological action of, 701,

Hakea, 1648*

Halcyornis, 1590
Hallotis, 1614, 1616
Haliserites, 1294
HUle11inta, 316
Halodon, 1541
Haloina, 1353
Halorites, 1429
Haysites, 1238, 1248
Hamilton group, 1310
Hamites, 1529*, 1530
Hammer, shape of geological, 147

Hamstead (Hempstead) Beds, 1619
Hangman Grits, 1301

Haploceras, 1530
Hardness of minerals, table of, 149
et seq.

Hare, fossil, 1651, 1740; Alpine, fos
sil, 1742
Raring, Eocene coal of, 1609
Harlech group, 1213
Harpes, 1238, 1291
Harpoceras, 1465, 1488*, 1.490

Hartfell Shales, 1252

Harz, cork tact-metamorphism of, 1005
Hastings Sand, 1544, 1547.
Haughtonia, 1219
Hauptlithodendron-limestone, 1450
Hauterivien, 1559, 1560, 1570
Hauyne, 138
Ilauyne-andesite, 292
Hauyne-trachyte, 289

Hawaii (Sandwich Islands), volcanic
phenomena of, 336, 350, 353, 367,
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371, 375, 317, 380*, 386, 388, 391,
393, 419, 420, 430, 434, 450, 816

Flawick group, 1273
Hawkesbury Beds, 1453
Hay Fell Flags, 1270
"Head" of Southern England, 599

Headon Beds, 1620
Hill Sands, 1595
Heat, effects of, on rocks, 494, 504;
produced by chemical transforma

tion, 506; produced by rock-crush
ing, 506; due to intrusion of igneous
rock, 508; expands rocks, 508; in

creases solvent power of water, 522
Heave of faults, 919
Heckla-Hook formation, 1332
fedora, 1604

Hedgehogs, fossil, 1593
Heersien. 1605
Helaretos, 1665
Ilelderberg group, 1310
Heliant,hasier, 1296
Elelicoceras, 1531
Helicotoma, 1241
ileholites, 1248, 1295

Helix, 1575, 1615, 1619, 1638
Helladotheriuin, 1638, 1650, 1670*
Helvetian stage, 1638, 1642
Hemiaspis, 1239

Hemiaster, 1527
Hemicidaris, 1461

Homicosmites, 1237, 1248
1-[emi-erystalline, 210*, 211, 270, 212
Heinipedina, 1461
Hemipneustes, 1527
Hemiptera, fossil, ]357

Ifemiptychina, 1414
Hempstead Beds (see Hamstead Beds)
ileraclites, 1452
Hercoceras, 1299
iferculaneum, volcanic phenomena at,
337$ 96

Hercynian gneiss, 1193
Hercynite, 130

Hesbayan loam, 1719
llesperornis, 1538*
Heterocetus, 1638

Heterohyus, 1592
lleteropora, 1493
Heterostegina, 1630

H¬ttangian, 1508
Hickory, fossil, 1623, 1648
High-water mark, 128
Hightea, 1588
ills, 1567

Himalayas, snow-line in the,
Crelaceous rocks in, 1574;
upheaval of, 1673, 1770

702;
slow

Hinuites, 1428, 1494, 1655
Hipparion, 1639, 1651*
Hippohyus, 1674
Hippopodium, 1462, 1463*

Hippopotamus, 1637, 1662, 1700, 1742
Hippotherium, 1639, 1668
Hippothoa, 1239, 1494
Hippotragus, 1674
Hippurite Limestone, 1563, 1572, 1574

Hippurit.ids, typically Cretaceous fos
sils, 1528, 1563
Hirnant Limestone, 1241
1-listioderma, 1219
Historic period, 1733

Hoang Ho, alluvial deposits of, 668;
area of, 775; amount of material
removed by, 175

hoar-frost, impurities in, 583
Hog, fossil, 1635; introduction of domesticated, 1745
Holaspis, 1320
blaster, 1527

planus-zone, 1544, 1556, 1558,
1565
-subglobosus-zone,
1558
Holcostephanus, 1515
Holectypus, 1494
Holland,

1544,

1553,

subsidence of, 491, 494;
dunes of, 571; deltoid accumula-
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tions

of,

678;
1656, 1664

Diestian

beds

of,

Hoffies Limestone, 1256
Holocrystalline structure,
210*, 270, 272, 273*

174,

209,

Hyemoschus, 1618
Hyena, 1651, 1700, 1742
Hyenarctos, 1635, 1674
llyauictis, 1671

Holocystis, 1526
Holopea, 1241, 1249

llyanodon, 1618, 1645, 1674
Hyalite, due to action of humus acids,
811

Ho1othurida, discovery of, in Carbo
niferous system, 1119

Hydration of minerals, 587
Hydraulic limestone, 261

Holopella, 1241, 1249, 1414
lloloptyehius, 1243, 1300, 1321

Homalonotus,
1296*,

1239,

1248,

1261*,

1297

Homocamelus, 1675

Hydrocephalus, 1225
Hydrochloric acid at volcanoes, 334,
399

Hone-stone, 238
Hoploparia, 1599

Hydrofluoric acid, 156
Hydrogen in earth's crust, 112, 113;
in meteorites, sun, nebul, 26, 28,

Horderley Sandstone, 1247
Horizon in stratigraphy, 1127
Hornbeam, fossil, 1589
ites,

135,

27

pressure, influence of, in marine
erosion, 746

llydrobia, 1577, 1619, 1639, 1659
Hydrocarbons at volcanoes, 334

lloniomya, 1506
Homosteus, 1320
Homotaxis, 1092

Horublende,

Hybodus, 1429, 1466, 1532
ilydaspitherium, 1674

171;

in

meteor

Hornblende-andesite, 290
Hornblende- granite, 276

Horublende-rocks, 314, 323
Hornblende-schist, 314, 323, 1038
llornstone, 268, 1005
Horny texture, 181
Horse, ancestral forms of, 1109, 1592,
1594, 1643, 1645
fossil, 1739; introduction of do
mesticated. 1745
Horsts, 1758

Hudson River group, 1288
Human period, deposits of, 1677, 1732
Humic acid, 791
Humus, formation of, 546; geological
action of, 583, 611, 792, 801, 811
Thrndsrückien, 1305
Huron Lake, area of, 1727; terraces
of, 1730
Huronian, 1151, 1194, 1196

30; at volcanoes, 334
llydro-mica-schist, 318

Ilydro-thermal action, 524
Hylosaurus, 1532
ilylonomus, 1401
Hyloplesion, 1401

ilymenocaris, 1208*
i.[yolilhollus, 1209
Hyolithes, 1209, 1241

Hyopotamus, 1592, 1618, 1.644
11yotherium, 1635, 1644
llyperite, 294

Hyporodapedon, 1430
llyperstheno, 137

II)' porsthen e-andesite, 291

1{yperstheno-gabbro, '294
Hyperethenite, 294
Ky poerystallino, 211
Hypogene action, 326, 933

changes in rocks, 503
llypsilophodon, 1532, 1548
Hypsiprimnus, 1615, 1676
Hyrachius, 1636
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}Iyracodon,

1646

Iguanavus, 1593
Iguanodon, 1498, 1532, 1533*
Ilex, fossil, 1523, 1627, 1633, 1649

Hyracotheriurn, 1592
Uystrix, 1668, 1739
Hythe Beds, 1548

hifracombe Slates, 1301
h1lnopsis, 1.245

11

114enus, 1238*, 1239, 1245

ICE, 25S, 697; effects of, on climate,
53-56; on earth-temperature, 94;
expansive force of, 698; on rivers
and lakes, 699; shear-structure of,
705, 706; erosive action of, 719,

1682; on the sea, origin and action
of, 737; erosion by, '154; transport
by

'159

1ce-acion, supposed, in Old Red Sand
stone tme, 1331); in Carboniferous
time, 1336, 1337, 1341; in Permian
time, 1396, 1403, 1406, 1414; in
Triassic time, 1453; iii Cretaceous
time,

1551., 1608; in Eocene time,
1600; in Pleistocene time, 1679
Ice Age, history of the, 1679 (see
Glacial Period)
Icebergs.

713*, 739,

effects

740*,

754,

759
of, on earth's

leo-cap, 705;
centre of gravity, 43, 4-4, 480, 486
Ice-caves, 610
Ice-falls, 707*, 71.3*
Ice-foot, 737, 754, 760
Ice-sheets, 703, 705, 1682, 1723; supposed subsidence caused by, 493
note
Iceland, volcanoes of, 345, 356, 358,
360, 369, 370, 378, 391, 400, 402,
405, 124, 434, 415
Ichthyodorulites, 1348*
Icbthvosaurs, as type-fossils,
early forms of, 1432, 1534

phism of, 990, 1013

Impervious, defined, 607
Implements, Palaeolithic, 1734*; Neolithic, 1744*, 1745
Inclination of rocks, 886
Inclusions in minerals, 126
Incoherent aggregation, 189
lndortsch Lake, composition of water
of) 694
India,

coast-bars

1090;

metamor

of,

675;

volcanic

plateau of, 439; pre-Cambrian rocks
of, 1197; Cambrian, 1229; Silurian,
1289; Permiau, 141%; Trias, 1452;

Jurassic., 1516; Cretaceous, 15'4;
Eocene, 1611; Miocene, 1644; lii
ocene, 1672; former extension of
glaciers in, 1731

Induration

eruptive rocks, 969,
992; by exposure, 588
Infiltration, effects of, 216, 217, 619,
by

620, 762, 816, 825
Infra-Lias, 1437, 1508
lufra-littoral deposits. 768
Initisorial earth, 247, 807

Inoceramus, 1526*, 1527
Inocerarnus labiatus-zone, 1544, 1556
Insect-beds, 1485
Insects, destructive action of, 796
fossil, 1243, 1318, 1357, 1465,
1468+:-,

Ichthyosaurus, 1432, 1468, 1469*
Ictir,herium, 1671
Idiomorphic, 119, 194, 209
Iclocrase, 138
Igneous rocks, 219, 928;

11rneiiit.e, 129, 1026

1620,

1485,

1642

1500,

1509,

1512,

fossilization of, 1070
Iiitorbedclod igneous rocks, 930, 977
Interglacial periods, 60, 1681, 1695,
1721
Intermediate Massive rocks, 284
Intersertal structure, 292
Interstitial matter, 292
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Intrusive rocks, 930, 935; proposed
chronological arrangement of, 222,

935; law determining forms as
sumed by masses of, 936; melt
ing of contact rocks by, 949, 950,
1009, 1010; alteration of, by car.
bonaceous materials, 996

Intumescens-beds, 1305

Inversion of rocks, 898, 899*, 1764;
proved by fossils, 109]
Iodine at volcanoes, 335
lolite, 139
Ireland, sea-action on coast of, 746,
806; granite of,
943; pre-Cambrian rocks of, 1183;
Lower Silurian, 1253; Upper Silu
748;

bog

of,

rian,

1272; Old Red Sandstone,
Carboniferous
Limestone,
1331;
1376; Trias, 1435; Lias, 1486;

Cretaceous, 1558; Tertiary volcanic
series, 1622; glaciation of, 1711,
1713
Iris, 1623

Ischadites, 1235
Ischia, island of, 346
Ischnacanthus, 1320
Ischyodus, 1496
Isocardia, 1462, 1528, 1638
Isoclinal folds, 900
Isogeothermal lines, 94, 95, 500, 505,
522
Isopogon, 1588

Isothermal lines, cause of divergence
of, 740
Isotropic substances, 169, 204
Istlimia, 1668
Itacolumite, 310

Italy, coast-deposits of, 679; Cam.
brian rocks of, 1225; Silurian,
1286; Carboniferous, 1381; Permian,

1410; Trias, 1043,
Jurassic, 1514; Cretaceous,
Eocene,

Miocene,
1666

Iron Age, 1734, 1746
Iron, alloyed with nickel in meteor
ites, 26; as a coloring matter, 190,
231; in earth's crust, 112, 113,
117, 125, 128; native, 125, 769
Iron-carbonate, 122, 143, 257
Iron-chloride, 389; at volcanoes, 335
Iron-ore, deposits of, 254, 266, 622,

1190; oolitic, 257, 263, 267; Car
boniferous, 1338; Jurassic, 1481,
1491; Cretaceous, 1519
oxides, 128; sublimed, 335; dis
solved and removed by humous
acids, 192

iron-pan under soils, 623
Iron-sulphate, 615

Iron-sulphide, 144; gives rise to chaly
beate springs, 615; in marine de
posits, 765; concretions of, 856
Iron, titaniferous, 129,

Isastra, 1459*, 1461

1026

Irrawaddy, sediment in the, 650

1610;

Oligocene,
1643; Pliocene,

1443;
1572;
1630;
1654,

Itfer beds, 1276
lulus, 1357
Ivy, fossil, 1523
'I
JAcKsoN beds, 1612
Jade, 314
Janira, 1551, 1667
Japan, volcanoes of, 351,
366
Jasper, 268
Java, volcanoes of,
415

337,

352,

364,

341,

399,

Jaws, frequency of lower, as fossils,
1073
Jerboa, fossil, 1139
Jewo-zone, 1276
Jointed structure, 186
Joints of rocks, 541; influence of, on
wave-action, 750; described, 873;
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in stratified rocks, 874*; intersec-

Kersantite, 286

tion of, 874; clip and strike joints,
876; cause of, 878; resemblance
of, to faults, 910; influence of, on

Keokuk group, 1391
Keuper (Trias), 1433, 1440

scenery, 1776
Jolly's spring balance, 154
Jörden beds, 1276
Jorullo, 390

Juglandites, 1604
Juglans, 1521*, 1623, 1633
Juniperus, 1522

Jupiter, density of planet, 24
Jura, White, 1509, 1511
-- Brown, 1510, 1511

-- Mountains, flexures of, 1559*_
1562*
Jurassic system, 1456; general char
acters, 1456; flora of, 1457; fauna
of, 1459; distribution of, 1477; cli
mate and hoiuoiozoic bells of, 1478;
in Britain, 1481; in France and the
Jura, 1500; in Switzerland, 1511;
in Germany, 1511; in the Alps,
1512; in Sweden, 1514; in Rus
sia, 1514; in North America, 1515;
in Asia, 1516; in Australasia, 1517;
metamorphism of, 1043

Juvavian stage, 1446
Juvaviau Triassic province, 1444
K
KAMES, 1706
KaministIqula series, 1196
Kampecaris, 1318
Kaolin, 140, 234, 592

Karharhtri beds, 1452
Karoo beds, 1388, 1416, 1431, 1454
Karren felder, 591
Kayseria, 1301
Koewatiri series, 1196
Kellaways Rock, 1481, 1495
Kentucky, Mammoth Cave of, 625
Keratophyre, 281

Keupermergel, 1440
Koweenawan, 1196
Kieselguhr, 128
Kieserito, 1407
Kilanea, see Hawaii
Kiflas, 1300 note

Kiltorcan beds, 1331
Kirnberley Shules, 1416

Kimeridgian, 1481, 1497, 1503, 1509E
1511, 1516
Kinclerhook group, 1391
Kitigena, 1550

Kinzigite, 315
Kirkby Moor Flags, 1270
Kirkbya, 1346
Klein's solution, 156

Knorria, 1304, 1353
Kuoteusehiefer, 310, 1003, 1007
Knotted schist, 310
Kohlenkeuper, 1440
K.oninckella, 1462, 1462*
Koniuckina, 1448
Kässen beds, 1446, 1450
Krakatoa, 353, 362, 365
Kramenzelkalk, 1305
Kuckers shale, 1276

Kugel-diorite, 180*, 287
Knpferschiefer, 1395, 1406

Kurile Islands, volcanoes of, 429
Kurtodon, 1476
Kutorgina, 1209
Kyanite,
phism,

139;
1182

in

contact-inetamor

Kyanite rock, 315
L
LABRADOR porphyry, 295
Labradorite, 133; in meteorites, 27
Labyrin thodonts, 1359, 1400, 1430,
1461
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Lamiw, 835

Laccolites, 949
Lacertilians, fossil, 1594

Laminated structure, 185, 835
Lamna, 1532, 1590, 1592*, 1664

Lackenian, 1603
Lacopteris, 1568

Lamprophyre, 286
Land, origin of general arrangement
of, 33; attraction of, on ocean, 46,

Lacuna, 1656
Lalaps, 1531?
Lagena, 1342

Lago Maggiore, 684
Lagomys, 1739

67; area of, 74; average height
of, 76; greatest height of, 77; con..
tours of, 78; evidence of proximity

486, 1727
Lake District (England), granite of,
845
Lake-dwellings, Neolithic, 1749

topography of, 1751; influence of
denudation in topography of, 1772;
fundamental law in erosion of,

Lagoon barriers, 672
Lah.ontau, Lake, 690, 697
Lake Agassiz, an extinct; glacial lake,

Lake-ore, 254

Lake terraces, 486,

690*,

696, 713,

1703

Lakes, Great (North America), areas
of, 1727
Lakes,

volcanic,

391,

410; affected
471; wave-action

by earthquakes,
in, 577; effects of atmospheric pres
sure on, 577, 682; deposits in, 670;
filling up of, by streams, 671; dis
tribution of, 682; temperature of,
683; geological functions of, 684;
equalize temperature, 684; regulate
drainage, 684; filter rivers, 655,

684; waves in, 686; van
ished, in North America, 486, 681,
671,

690, 697, 1726; chemical deposits
in, 686; organic deposits in, 254,
686, 810; recent origin of, 688;
saline, 688; frozen, 699; formed

795; entombment of
organic remains in, 1072; charac
teristic fauna and flora of, 1013;
former existence of, proved by fos

by

sils,

beavers,

1084,

1085; glacial,
1707, 1727; terraces of,
origin of, 1784
Lamellibranchs, fossil, 1209

1704,

1729;

of, 766,

1085; materials of, gen
erally formed under the sea, 1752;
origin of surface contours of, 1756;
influence of subterranean agents on

1772; conditions governing denu
dation of, 1773
Laud-plants, stral igraphical correla
by means
1577, 1622
tion

of,

1096,

1111,

Land-shells, earliest forms of, 1359;
Pleistocene northern forms of, 1668

Land-surfaces shown by fossils, 1084
Laudenian, 1603, 1605
Landslips, ordinary origin of, 628*;
effects of, on rivers, 648; caused
by earthquakes, 475
Laodon, 1516

Laopteryx, 1415
Laornis, 1539
Laosaurus, 1516
Lapilli, volcanic, 239, 340
Laramie flora, 1523
group, 1112, 1575, 1593, 1013
Lasiograptich, 1248
Lm4tea, 1622
Laterite, 235

Laurel, fossil, 1523, 1569, 1611?, 1648
Laurentian

rocks,

1143;
supposed
origin of, from fusion of ancient
sediments, 1149; occurrence of, in
Canada, 1194, 1196

Lauropbyllum, 1522
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Laurus, 1597, 1633, 1666
Lava, saturated with water-substance,
332; characters of, 338; varying
liquidity of, 367, 378; streams of,

370; outflow of, 372; hydrostatic
pressure of, 356, 373, 375; foun.
tame of, 375, 381; rate of flow of,

376; crystallization of, 382; occur
rence of, in crust of the earth, 977,
980; gradation of acid into basic,
383; temperature of, 384; fusion
by, 385,
inclination and thickness of

and sublimation effected

393;
streams of, 385; structure of streams
of, 387; tunnels and caverns in,
377, 388; vapors and sublimates

of, 388; slow cooling of, 389; ef
fects of, on superficial water, 391;
overlying snow, 394; weathering
of, 394; cones of, 419; subaerial
and submarine, 430; subterranean
injection of, 508, 928; more coarsely
crystulline when consolidated within
the crust, 928

Layer, seam or bed, 1127
Leala, 1346

Lepidolite, 135

Lepidophloios, 1353, 1361
Lepidophyl] urn, 1362

Lepidopteris, 1425
Lepidostrobus, 1352*, 1353, 1362

Lepidotosaurus, 1400
lepidotus, 1429, 1466, 1575
Leptena, 1240, 1267*, 1298, 1411,
1462*
LepLbyna, 1674
Leptobos, 1674

Leploclase, 873 note
Leptodomus, 1345
Leptodon, 1671

Leptograptid, 1248
Leptolepis, 1466
Leptomeryx, 1645
Leptomytus, 1206
Leptophleum, 1317
Leptoptilus, 1674

Leptynite, 322, 323
Lepus, 1668
Let tenkohie, 1440
Leucite, 133

Leda, 1345, 1485, 1599, 1626, 1657,
1711*

Leucite-andesite, 292
Leucite basalt, 299

Leda-clays of Canada, 1729
Leda-myalis bed, 1653, 1663

Leucite-phonolite, 289
Leucile-trachyte, 289
Leucitite, 299
Leucoxene, 130, 1026

Ledbury Shales, 1255, 1266
Lee-seite in glacial erosion, 1682
Legnonotus, 1438

Level course in mining, 892
Lewisian gneiss, 1036*, 1169

Lelodon, 1534

Leistoma, 1602

Lhangian stage, 1638, 1642
Lherzolite, 300
Lias, 1482. 1507, 1510, 1512;

Lemming, fossil, 1742
Lenham beds, 1654, 1655
Lenita, 1607
Leoben,
1034

1353, 1361, 1397; as type-fossils,
1090

zones of, 1105

graphitic

schists

of,

1033,

Lepidodendra,

1317,

Liassian, 1507
Libocedrus, 1627, 1633

Leopard, fossil, 1700, 1741
Leperditia, 1209, 1237, 1346
Lepidaster, 1237

life

1350,

LiburniaTi stage, 1610
Lic]ias, 1239, 1297
1352*,

Lichens, protective influence of, 797
Life, plant and animal, in its geologi-
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cal relations, 190; influence of man
on distribution of, 832; preservation

1121,

of

brian,
ress
1105,

records

1126;

of former,

traces

ion,

of

pro-Cam
1160; variations in prog
of plant and animal, 1096,
1111

Ligorian, 1544, 1560, 1565
Light, reflected, transmitted, and po
larized, 168, 169
Lightning, effects of, 559
Liguilites, 537

Lignite, 250, 252, 548
Lignitic. group, 1575
Lima, 1414, 1428, 1462, 1463*, 1526*,
1527
Limax, 1661
Limburgite, 300
Lime, carbonate of (see Calcite, Ara
gonite), influence of, in natural
waters, 695; natural precipitation
of, in saline water, 695, 696; in
sea-water, 72, 811; source of, for
shells of marine organisms, 811
Lime, phosphate of, in fossilization,
1078

Lime-sulphate (see Gypsum, Anhydrite) in sea-water, transformed into
carbonate by marine organisms,
811, 828
Limestone, 117, 150, 244, 260; origin
of, 1334; tests for, 158; formed
at mouth of Rhone,

160; formed
by nullipores, 761, 801; formed of
shells, calcareous sand, etc., 762,
812, 825; formed of coral, 816; as
sociated with shale or day, 861;
relative persistence of, 861; fossils
peculiar to, 1348; formed by alg.e,
1426, 1444; solution of, 585, 595;
weathering of, 148, 590, 595; in
soluble residue of, 595
structure
acquired crystalline
of, 216, 243; artificially converted

into marble,
545, 569

510;

marmarosis of,

Limestone, Carboniferous, distribution
and origin of, 863, 811

Limestone Shale (Lower Carboniferous), 1365, 1367
Limuaa,

1500,

1658

1575, 1608,

1618*,

Limnerpeton, 1401
Limonite, 128, 266
Limopsis,
1667

1600,

1615,

1638,

1655,

Limpets, protect shore rocks, 800
Liugula, 1209, 1229, 1240*, 1245,
1267*, 1344, 1356, 1404, 1440,
1545, 1655
Liugula flags, 1213, 1215
Lingulella, 1208*, 1209, 1213, 1215,
1229, 1245
Lingulina, 1389
Lingulocaris, 1216

Linnarssoriia, 1209
Linum, 1627
Lion, fossil, 1100, 1141
Liostracus, 1229
Lipari Islands, 344, 350, 352, 361,
371, 382, 399, 400, 415
Liparite, 219
Liquid in cavities of crystals, 196
Liquidambar, 1599, 1634*, 1648
Liriodendron, 1597
LiLiioclase, 873

Lithoid structure, 175
Lit hological characters as a basis for
grouping strata, 871; as evidence
of geological age, 1087 1093, 1157,
1167
Li1]tology, 111
Lithophyse, 180
Lit.lLornis, 1590
Lithosphere of the globe, 14
LiLhostrotion, 1343*
Lit.hothamnium, 1611
Litorinella, 1639
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Littoral deposits, preservation of or
ganic remains in, 1074
Littorina, 1659

Lituites, 1218, 1242, 1262, 1263, 1267*
Lianheris group, 1213, 1214
Liandeio group, 1245, 1246
Laudovery group, 1245, 1255, 1256
Lanvirn group, 1246
Loam, 235, 599
Lob-worms,
795

transference of silt by,

Lobites, 1429
Lodes, 1051
Loess, 235, 566, 599, 1738
Loganograptus, 1245
Lonchopteris, 1362, 1455
London Clay, 1595, 1598

Longmyndian rocks, 1186
Longulites, 205
Lonsdaleia, 1343

Lophiodon, 1592, 1645
Lophiomeryx, 1618

Loripes, 1414
Löspuppen, 855
Loveulu, 1615

Low-water mark, 728
Loxodon, 1674
Loxolophodon, 1595
Loxomma, 1359
Loxonema, 1263, 1299, 1345, 1428
Lucina, 1298, 1414, 1495, 1546, 1590*,
1660

Ludlow group, 1245, 1255, 1262
Luidia, 1485
Luniaeheile, 245
Lunz Sandstone, 1446
Lustre of rocks, 191
Lustre-mottling, 191
Lutra, 1658
Lutrictis, 1681
Lyckholm-zone, 1276
Lycopodiace, 1350

L3reopodites, 1361
Lycopods, fossil, 1234, 1353
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Ly-cosaurus, 1431
Lychyana, 1672

Lydian stone, 268, 311
Lyginodendron, 1362

Lygodium, 1522, 1589
Lyn ton group, 1301
Lynx, fossil, 1100, 1741
Lyra, 1527

Lyrodesma, 1257
Lytoceras, 1445, 1488*, 1490, 1490*,
1530
Lyttonia, 1414

MAARE or crater-lakes, 410
Macacus, 1667, 1674
Macc&ubas or mud-volcanoes, 407
Machairodus, 1635, 1651, 1671*
Macigno, 1610
Maclurea, 1036, 1218, 1241
Macrocephalites, 1510

Macrocheilus, 1299, 1345, 1428
Mac romerion, 1401
Macromerite, 1'TS

Macropetalichthys, 131].
Macropus, 1675
Macrornis, 1590
Macroscopic characters of rocks, 146,
147, 112
Macrostachys, 1353, 1360
Macro ttenioptoris, 1453
Macrotherium, 1635
Mactra, 1615, 1634
Madrepora, 1630

Maentwrog Flags, 1216
Maestrichtien, 1560, 1566, 1581
Magas, 1527
Magasella, 1615

Magdalenian deposits, 1735 note
Magma, differentiation of acid and
basic constituents in, 383, 444,
457, 937
Magma-basalt, 300
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Magnesian limestone, 264, 1402; con
cretionary structure of, 853
silicates, weathering of, 588
Magnesium, 112, 117
in

lakes,

Magnesium-chloride, 260;
688; influence of, in formation of
dolomite, 546, 695
Magnetic analysis of rocks, 15, 192
Magnetite, 129, 267; in meteorites, 21
Magnolia, fossil, 1523, 1588, 1623,
1632*, 1648

Mainz basin, 1627, 1639, 1668
Malacolite, 136
Malacolite-rock, 313
Mallotus, coneretions around, 1729
Mahu. 1509. 1511

Mammalia, value of, as fossils, 1083,
1091; earliest types of, 1432, 1476,
1477*. 1539, 1516

Mammaliferous Crag, 1658
Mammoth, 1698*, 1699, 1740, 1743*;
preservation of carcases of, 1071

Age of, 1742
Man as a geological agent, 829; geo
logical evidence of existence of,
1070; influence of, on flow of riv
ers, 635; antiquity of, 1733, 1747;
evidence for the presence of, 1733;
earliest artistic efforts of, 1743;
Paleolithic, akin to Eskimo, 1745

Manchhar group, 1644, 1674
Manganese, 112, 117; oxides of, 130,
584; deposits of, on sea-floor, 165,
767, 769. 770*, 828
Mangelia, 1615

Mangrove-swamps, 198, 806, 1339
Manis, 1645
Mantellia, 1458
Maple, fossil, 1523, 1589, 1648
Marble, 263*, 998; artificial produc
tion of, 509; weathering of, 586

Marcasite, 144, 238; as a petrifying
medium, 1081
MarceBus group, 1310

Maretia, 1601
Margarodite, 135
Marginella, 1600, 1615

Marginulina, 1485
Marine denudation, 181
Marl, 149, 244, 812
Marl-slate, 1395, 1402, 1404
Marmarosis, 510, 569, 998, 1026
Marmot, fossil, 1739, 1742
Marries irisées, 1442
Marquette district, metamorphism in,
1042
-- series, 1196
Mars, density of planet, 24
Marsh-gas at volcanoes, 334

Marsupial mammals, fossil, 1432, 1476,
1417*, 1516, 1539, 1592
Marsupiocrinus, 1260
Mnrsr&pite-zones, 1544, 1557, 1558
Marsupites, 1527
Marten, fossil, 1618, 1651

Marylandian group, 1645
Masonry, alteration of, by hot springs,
522, 620
Massive

rocks,

222,

269; proposed
chronological classification of, 272;
joints of, 880

Massive structure, 185

Mastodon, 1629, 1634*, 1650
Mastodonsaurus, 1430
Maulsaurus, 1580
Manna Loa (see Hawaii)
May Hill Sandstone, 1247, 1255, 112,56
Mayencian, 1612
Mechanical analysis of rocks, 155
deformation of rocks, 535, 904,
1021

Medina group, 1288
Mediterranean. Province (Trias), 1444
Mediterranean Sea, rise of coast-line
of, 487; increasing snllnitv of, 71;
tides in, 727; depth of wave-action
in, 731; cause of blueness of, 157
Mediterranean seas, 68
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Mediterranean stage (Miocene), 164!
Medlicottia, 1399
Medullosa, 1397
Medusa3, fossil, 1206
Medusitos, 1222
Meekoceras, 1451

Megaceros, 1743; in bogs, 806
Megalaspis, 1278
Megalaster, 1615
Megaliclithys, 1356
Megalodon, 1297*, 1298, 1428
Megalomus, 1278
Megalomus Limestone, 1278

Megalosaurus, 1471*, 1532
Megalurus, 1466, 1511
Megaphyllites, 1429

Megaphyton, 1362
Mogascopic characters of rocks, 146,
147, 172

Meionite, 139
Melampus, 1656
Melanerpe(ou, 1401
Melania, 1568, 1590, 1591*, 1618, 1666
Melanopsis, 1597, 1619, 1666
Melaphyre, 298
Melbourne Rock, 1544, 1554
Moles, 1668
Melilite-basalt, 299
Mellivora, 1674
Mellivorodon, 1674
Melonites, 1344

Melted rocks, density of, 104
Melting of rocks by eruptive masses,
949, 995, 1000, 1009
Membranipora, 1527, 1607
Menaccani to, 129
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Meretrix, 1617
Mergua, 1674

Merianopteris, 1425
Meridian, are of, measured, 32
Merista, 1303
Meristella, 1240
Meristina, 1267*
Merostomata,
1263

Mesodon, 1466, 1532
Mesohippus, 1645
Mesolepis, 1356

Mesopithecus, 1651*
Mesozoic defined, 1130
Mesozoic systems, 1419

Messinian group, 1666
Metachemic metamorphism, 988 note
Metacrasis, 988 note

Metalloids in earth's crust, 112, 113
Metals in earth's crust, 112, 113

Metamorphic, 987; rocks, 219, 303
Metamorphism, 542; cycles of, 553;
limitations in use of the term, 937;
various kinds of,

988; local, 990;
mechanical, 1022; theories of, 1016
of contact,
956,

968,

385,

974,

393, 941, 950,

975,

990,

1040,

1183; aureole of, 1000, 1183; re
lation of, to regional, 1042, 1182
regional, 1013; conditions requi
site for, 1019, 1022; mineral trans
formations in,

Menevian group, 1215
Menodon, 1441
Menominee district, metamorphism in,

1172,

Mercury, density of pianet, 24
Mores in Cheshire, 624

1239,

Mesacanthus, 1319*, 1320
Mesodactyla, 1594

rocks,

Menominee series, 1196

of,

Merychippus, 1675
Merycopotamus, 1674

Menacodon, 1516

1042

appearance

1024;

affects

older

1135; examples of, 1027,
1178, 1180; relation of, to
contact-metamorphism, 1013, 1041,

1182; later than Cambrian and Si
Inrian periods, 1039, 1183, 1191,
1197, 1218, 1275, 1289; post-Devonian, 1028,
1308; post-Carboniferous,

1387;

post-Triassic,

1443,

http://geology.19thcenturyscience.org/books/1902-Geikie-Geology/README.htm
INDEX

1832

1451; post-Cretaceous, 1577; post.
Eocene, 1588
Metasomatosis, 988 note
Metastasis, 988 note,
Meteoric dust in deep-sea deposits,
125, '168
Meteorites, 27, 31, 125
Methylosis, 988 note
Meudon marl, 1604
Meuse, sediment in the, 650

317,

305*,

208

characters of

rocks, 192, 194,

Microspherulit.ic structure, 211
Micro-syenito, 285
1639

Mid[ord Saud, 1482, 1489
Miliola, 1606
Miller icrinus, 1493

Mica, 134, 152

Mica-schist,

Microscope, pe(rographical, 168
Microscopic investigation, 161

Microtheriuni,

Miarolitic, 209
Miascite, 285
Mica-phyllite, 309
Mica-psainmite, 231

Micropholis, 1431
Micropora, 1521

MiI]ipccls, fossil, 1357
Millstone Grit, 871, 1365, 1371
306,

309,

323

Mimoceras, 1299
311*,

Mica-syenite, 285
Mica-trap, 286

Micaceous composition, 186
lustre, 14, 191
Mieasization, 1024
Michelinia, 1343
Michigan, Lake, area of, 1727; dunes
of, 571
Mickwitzia, 1222
Micrabaci.a, 1526
Micraster-zone. 1544, 1556, 1558
Microbrachis, 1401
Microcherus, 1592

Mimosa., 1633
Mine, deepest, in Britain, 96

Minerals, chief rock-forming, 119; es
sential or accessory, 120; original
and secondary, 120; formed on sea
floor, 169;

production of, in con
tact-metamorphism, 1000; sequence
of, in contact-metamorphism, 1040;
in

regional

metamorphism, 1024;
of
new, 549; artificial
production
production of, 525; supposed se
quence of, in schists. 1139
Mineralizing agents, 527-529
Mineral vines, 910, 1051
Minette, 286

Microcline, 132

Miocene, delined, 1583

Micro-crystalline structure, 174
Mierodiscus, 1205*

Miocoiw formations, general characters
of, 16:11; flora of, 1632; fauna,
1633; in France. 1637; in Belgium,

Microfelsitic structure, 211
Microgranite, 278
Microgranitie structure, 115. 210
Microgranulitic structure, 210
Microlestes, 1432

Microlites, 119, 205, 206
Microlitic rocks, 211
Micromerite, 175
Mieropegmatitic structure, 115*, 210,
275, 1162
Microperthie, 320

1638; in Germany, 1638; in the
Vienna basin, 1639; in Switzerland,
1642; in Italy, 1643: in Greenland

and

Spitzborgen, 1643; in India,
1644; iii North America, 1645; in
Australia, 1645

Miohippus, 1 645
Mississippi, area of basin of, ils; dis
charge of the, 633; mineral matter
dissolved in,

643,

'178;

rafts

of,
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646; sediment transported by, (351;
recession of falls of, 661; delta of,
674, 618, 679; amount of material
removed by, 775

Missouri, slope of, 637
Mitra, 1529, 1590, 1630, 1634, 1655
Modiola, 1345, 1462, 1464*, 1528,
1599, 1667
Mocliolopsis, 1209, 1241, 1267
Mod Tryfaen, shell beds of, 1712
.I
i 4 -' ,)))
.LVLOICbOS
"Moine-schists,1' 1036*, 1179
Molasse of Switzerland, 1628, 1642
Mole, geological action of, 795; fossil,
161S

Mollusca, fossilization of, 1082; ma
rine, as a basis of stratigraphical
classillcation, 1082, 1583, 1637; pui
moniferous, earliest forms of, 1318,
1I '35 ,
"Mon ian system," 1185 note
Monkeys, fossil, 1592. 1595
Monocliucs, 896*, 1758
Monograptus, 1233:K, 1235
Mouophylhtes, 1451

hydraulic, 261;
of, in towns, 581
Morte Slates, 1301

weathering

Mosasanrus, 1.535
Moselle, transport of grave! along bed
of, (344; gorge of, 658*
Mosses, deposits formed by, 802; caIc
sinter formed by, 808

Mountain-chains, elevation of, during
Tertiary time, 1585
Mountain LiatesLone, 1368
Mountains, relative bulk of, 76, 77-;
kinds of, 78, 1778; structure of,
1757; formation of, gives rise to
hot springs and volcanoes, 1765;

successive upheavals of, 176(3; his
tory of, illustrated by the Alps and
Rocky Mountains, 1767; slow up
rise of, shown by river-courses,

1673, 1770; of volcanic origin, 1770
Mourlonia, 1415
Mouse, fossil, 1651
Mousterian deposits, 1735 note
Moy:, a volcanic mud, 397

233; green. of sea-floor,
volcanic, 337, 396, 397

764

Mud-lava, 337, 3,96

Monotremes, fossil, 1541
Mons limestone, 1604
Mont Blanc,

glaciers of, 708, 709*;
orratics
from,
71(3;
fan-shaped
structure in, 901*, 1764

Monte Nuovo, 34), 361
Monticuilpora, 1248

Mud-lumps, (374
Mud-volcanoes, 407, 418
Miiclstone, 149, 235
Mummification of organisms, 1079
Murauosaurus, 1496
Murchisonia, 1036, 1241, 1299, 1398,
1428

Moiitlivaltia, 1459*, 1461
Mouzonito, 285, 1001
Moon, attraction of, 37, 46
Moor-band pan, 254, 623
Moor Rock, 1378, 1379
715*,

1704;
crescent form of, 705; terminal, of
ice-sheets, 1684, 1716, 1723
Moraine-staff, 225, 705, 714, 715*
Morosaurus, 1616

Mortar,

Mud,

Monopleura, 1528
Monotis, 1428

Moraines, formation of,

1833

Murex, 1529, 1599, 1617, 1634
Mus, 1662
Musa, 1599
Muschelkalk, 1440, 144?
Muscovite, 134
Musk-rat, fossil, 1618
Musk-sheep, fossil, 1700*, 1742
Mussels, protective influence of, 800
Mustela, 1662
Mya, 1660, 1116
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Myacites, 1144, 1462
Myalina, 1303

Neobolus beds, 1229
Neocomian, 1544, 1545, 1560, 1567,

Myogale, 1662
Myophoria, 1414, 1428
Myriapods, fossil, 1318, 1357

Neogene, 1584, 1629, 1640
Neolithic deposits, 1744; fauna of,
1744; man and his characteristics
in, 1745; implements in, 1745*; hi

Myliobates, 1600, 1621
Myloriitic structure, 179, 311

1570, 1571, 1572

Britain, 1746; in France, 1148; in
Germany, 1748; in Switzerland,

Myrica, 1522, 1627, 1633, 1666
Myricophyllum, 1522

1749; in Denmark, 1749; in North
America, 1750

Myriolepis, 1453
Myrtus, 1633

Neozoic defined, 1130, 1583

Mysarachne, 1618
Myst riosaurus, 1467

Mytilus, 1257, 1405,
1639, 1659, 1715

1464*,

1619,

Nepheline,

133;

testing
crystallizes easily, 513
Nepheline-andesite, 292

for,

Nepheline-basalt, 299
Nepheline-dolerite, 295

N
NAGELFLUE, 1628
Nanomys, 1541

Nepheliue-syenite, 285
Nepheline-tracbyte, 289
Nephrite, 314

Napoleonite, 180*, 287
Nassa, 1615, 1626, 1657

Neptune, density of planet, 24
Nereites, 1223, 1237
Nerinaa, 1489

Naosaurus, 1401
Naphtha, 254, 407

Natica,

1345,

Neplirotus, 1429

1411,

1590, 1620, 1711,
Naticella, 1445

159;

1463,

1466*,

1643, 1657

Nerineen-Schichten, 1511
Nerita, 1466*, 1620, 1639
Neritina, 1597, 1620

Naticopsis, 1428
Natrolite, 140

Neritodonta, 1666

Natron lakes, 689

Neuroptera, fossil, 1318, 1358, 1465,
1468*, 1485

Nautilus,

1218,

Neseuretus, 1216
1242,

1347,

1398,

1427*, 1429, 1495, 1531*, 1590
Nebulae, radiation spectra of, 30
Nebular hypothesis, 23, 24, 34
Necks, volcanic, 433, 969
Necrocarcinus, 1550
Necrolemur, 1618
Nectote].son, 1409
Negative crystals, 195, 196
Nelumbium, 1588
Nemacanthus, 1437
Nematophycus, 1234, 1317 note
Nematoptychius, 1373
Neobolus, 1229

Neuropteridiurn, 1425
Neusticosaurus, 1432
Nevadite, 280
258, 704

New Hebrides, upheaval of, 483
New Red Marl, 1433
New Red Sandstone, 1422
New South Wales, fossils of Lower
Coal measures of, 1097; Carbonif
erous system in, 1389; Permian,
1415; Trias, 1453; Eocene., 1614;
Pliocene, 1675; Recent deposits,
1751
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Zealand, hot springs
f, 406;
volcanoes of, 442,144; earthquakes
of, 46; raised. beaches of, 488;
fjords of, 493; former larger size
of

glaciers of, 118; pro-Cambrian
rocks of, 1197;. Silurian, 1290; De
vonian, 1312; Carboniferous, 1890;
Tria,

1454; Jurassic, 151'7; Cre
taceous, 1580; Eocene, 1615; Mio
cene, 1646; Pliocene, 1677; former
extension

of glaciers in,
greater
recent
1731;
deposits n, 1751
Niagara River, ifitered. by Lake Erie,
655; gorge of, 1359; pro-glacial
channel of, 659; rate of recession
of Falls of, 660

Nicol prisms, use of, 169
Nidulites, 1235
Nile, rise and fall of, 630;

average
of,
infusoria
637;
in, 647;
slope
sediment in, 650; delta of, 677,
680; amount of mineral matter dis
solved in, 778

Nilssoui;, 1425, 1458
Niobo, 1216

Nitrogen in air, 64; in rain, 581; free,
at volcanoes, 334
Nodosaria, 1525
Noggerathia, 1362
Nöggerathiopsis, 1389

Nomenclature, stratigraphi cal, 1129
None stage, 1446, 1447
Norite, 294

Norites, 14,47
floor

conversion of,

of,

764; possible
into a. lake during

the Glacial period, 1687
Northampton Sand, 1482, 1490
Norway, raised beaches of, 483, 487*,
488; fjords of, 493; snow-line in,
702; glaciers of, 707*, '708,

giants'

Norwegian North Atlantic
66, 71, 72, 74
Expedi-tion,
Norwich Crag, 1658
Nosean, 138

Nosean -andesite, 292
Nosean-trachyte, 289
Nothosaurus, 1432
Nototherium, 1614, 1675
Notothyris, 1,114
Novaculite, 238
Nucleospira, 1281

Nucula,

134±5,
1617, 1658*
Nuculana, 1600

1428,

Null ipores, geological
799, 801, 809

1463*,

1599,

influence

of,

Nummulies, 1587, 1589
Nummulitic Limestone,
1589*, 1608

1585, 1587,

Nyssa, 1599, 1623
Nystia, 1624

Nitric acid in rain, 581

Sea,

kettles of, 722; con
tact-metamorphism in, 1007; re
gional metamorphism in, 1031 (see
Scandinavia)
726;

Nutation, 37
Nyraniu., 1401

Nipa, 1588*
Nipigon series, 1196

North

1835

710*,

0
OAK) fossil, 1523, 1616, 1648; ever
green, fossil, 164±8
Obolefla, 1207*, 1209) 1222, 1245
Oholus, 1222
Obsidian, 282
Occluded gases, 26
Ocean, area of primeval, 33; currents
of, deflected, 56; present area of,
66; cubic contents of, 67; density
of water of, 69; composition of, '10;

movements of, 727; tides, 72'i; cur
rents, '730; distribution of tempera
ture in, 730; nature of floor of, 732;

cause of circulation of, 733; waves
and ground-swell of, 733; geekgi-
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cal work of, 740; affects climate,
740; erosive power of, 741; trans
porting power of, 754; currents of,

diffuse food of protozoa, 158; gen
eral conservative influence of, 788;
permanence of area of, 502, 1078,
1755

Ocean-basins, antiquity of, 502, 771;
probable permanence of, 502, 1078,
1150
Ocean-currents, 576
Oceanic circulation, theories of, 733
Ochre, 128
Octotomus, 1595
Odontaspis, 1531, 1590, 1592*
Odontopteris, 1351, 1397, 1453
Odontopteryx, 1591
Odontornithos, 1538
Odontosaurus, 1441
Oeningen stage, 1642
Oesar, 1706

Oesol zone, 1216

Ogygia, 1216, 1238*
Oil-shale, 253
Oil-wells, 254, 401

Oldhaven Beds, 1595, 1598
Old Red Sandstone, 1312; geographi
cal changes attendant on deposition
of, 1291; rocks of, 1314; life of,
1316; volcanoes of, 347, 348, 443,
984, 1325; in Britain, 1321; in Nor
way, 1331; in Spitzbergen, 1332;
in North America, 1332

Oldhamia, 1205, 1207*, 1414
Olea, 1612

Oleandridium, 1458, 1568
Olenellus, 1036, 1089, 1204*, 1208
Olenellus-group, 1209, 1213, 1221
Olenellus-zone, conformable strata beneath, 1165; in Scotland, 1179,1217;
in England, 1185; position of, 1199,
1213, 1214
Olenidian group, 1209, 1213, 1215,1220

Olenoides, 1209

Olenus, 1205*, 1209
Oligocene, proposed by Beyrich, 1584;
general characters of system, 1616;
flora, 1616; fauna, 1617; in Britain,

1619; in France, 1623; in Belgium,
1626; in Germany, 1626; in Swit
zerland, 1628; in the Vienna basin,
1629; in Italy,
America, 1630

1630;

in

North

Oligoclase, 132
Ouiva, 1590, 1637
Olivine, 131, 300, 301*, 620; in meteorites, 27
Olivine-diabase, 295, 296
Olivine-dolerite, 294

Olivine-free- dolerite, 294, 295
Oil vino-gabbro, 294

Olivine-rocks (schistose), 316
Omosaurus, 1498
Omphucite, 137
Omphyma, 1237, 1261*
Onchus, 1242
Onondaga Limestone, 1310
-- Salt group, 1288
Ontario, Lake, area of, 1127; terraces
of, 1730; unequal elevation of ter
races of, 486
Onychodus, 1311
Oolite, 185, 262;
salt-lakes, 697

formation of,

in

Oolit.e, Great, 1482, 1492, 1505
Inferior, 1482, 1489, 1506
Oouites, Lower, 1482, 1486
OollLic formations, 1456, 1482
- structure, 185, 257, 262, 263*,
815, 1335
Ooze, 245*, 166, 824, 825
Opacito, 218
Opal, 120, 127

Operculina, 1611
Ophiderpeton, 1359, 1401

Ophidians, fossil, 1593
Ophileta, 1036, 1213, 1241
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Orthisina, 1209

Ophioglypha, 1485
Ophite, 212, 296

Orthoceras, 1036, 1208*, 1209, 1239*,
1241, 1267*, 1299, 1347*, 1398,
1429
Orthoceratite Limestone (Scandinavia),

Ophitic structure, 211*, 212, 271
Opossums, fossil, 1592, 1618
Oppellia, 1465
Opponitz Limestone, 1446

1276, 1278

Oracodon, 1541
Orbicula, 1225

Orbicular structure, 180*
Orbit, eccentricity of earth's, 30, 51
Orbitoides, 1611, 1630

Orthocerati tes as type-fossils, 1090
Orthoclase, 131; decay of, 203
Orthoclase -porphyry, 285
Orthonota, 1241, 1267*

Orbitoitic group, 1630
Orbitolina, 1525

Orthophyre, 285
Orthoptera, fossil, 1318, 1357
Ortonia, 1344

Orbitoliics, 1607
Orbulina, 1426

Orycteropus, 1673
Osborne Beds, 1619

"Ordovician," 1230

Osmunda, 1605, 1622

Ore deposits, 1048
Oreas, 1674

Osseous breccias, 828
Osteolepis, 1319*, 1321
Ostrea, 1442, 1464*, 1465*,

Oreodonts, 1645
Oreti series, 1454
Organic acids, action of, 584,
679, 790, 191, 793, 810

611,

Organic evolution, in relation to geo.
"
logical time, 107, 108
Organic matter, in rain, 583;
action of, 584, 765; abstracted
reduc-ing,
by descending rain from soil, 611;
action of, on sea-bottom, 829
remains,
entombment of,
Organic
1071; preservation of, in mineral
masses, 1078; relative pakonto
logical value of, 1081, 1095, 1105,
1111, 1342; breaks in succession
of, 1100, 1123, 1126

Organically-formed rocks, 243
Oriskany Sandstone, 1310
Ormoxylon, 1317
Ornithomimus, 1593
Ornithopsis, 1532
Orriithotarsus, 1537
Orohippus, 1110
Orozoe, 1237
Orthis,

1036, 1208*, 1209,1239*,
1240*, 1298, 144, 1411

1526*,

1527, 1590*, 1617*, 1634
Otapiri series, 1454
Otoceras, 1452
Otoths, 1592*
Otoamites, 1425, 1458, 1522
Otter, fossil, 1635, 1662
Ottrelite, 141
Ottrelite-slate, 309
Ottweiler Beds, 1385
Oudeuodon, 1431
Outcrop, 889
Overlap, 864
Ovibos, 1662
Ovula, 1655
Owl, snowy, fossil, 1741
Ox, fossil, 1651

Oxford Oolites, 1482, 1494
Oxfordian, 1481, 1494, 1505,
1511, 1513, 1516
Oxidation, 584, 588, 618
Oxides, 128, 219

1509,

Oxygen in air, 64; in earth's crust,
112, 113; in rain, 581, 585; free,
at volcanoes, 334; more soluble than
nitrogen, 581
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Oxynoticeras, 1513
Oxyrh.ina, 1532, 1614, 1664
Oxytoma, 1451

Oysters, protect shore rocks, 800
P
PAOHY0R0RMuS, 1466
Pachygonia, 1453
Pachylopis, 1276

Pachynolophus, 1592
Pachyphyllum, 1458
Pachysporangium, 1265
Pachytheca, 1234, 1265

Pacific Ocean, depth of, 67
"Pahoehoe" lava-streams, 371
PaIaarca, 1208*, 1209, 1239*, 1240*,
1241

PaIaomeryx, 1674
Pala3oniclis, 1592
Paheoniscus, 1399*, 1436
Paheontina, 1466
Paleontology, 1069
Palteonycteris, 1618
Paheophis, 1599

Paheophoneus, 1243, 1269*, 1318
Palaophycus, 1234
Paheopikrite, 300
Palwopithecus, 1674

Paheopteris, 1304, 1317, 1363
Paheoreas, 1671
Paheoryx, 1668
Palwosaurus, 1431
Paheosiren, 1401
Palwotherium, 1592, 1593*, 1618

Pakeaster, 1237

Paiwotragus, 1671
Pala?ozamia, 1492

Pakeasterina, 1206, 1208*, 1237
Palchinus, 1257, 1344

Paheozoic defIned, 1130
Paheozoic rocks, 1198

Pa1adaphus, 1300
Palaoblattina, 1244
Palaocaris, 1346
Pa1aocastor, 1645

Pa1a3oclicrus, 1618
Paheocoma, 1237, 1262
Pa1aocoryste, 1550
Palaocraugon, 1346
PalLeodiscus, 1262
PaIaodus, 1243

Pa1ogene, 1584
Paheohatteria, 1401
Paleolithic deposits, 1735; river alluvia in, 1736; brick-earths in, 1736;
cavern deposits in, 1737; calcareous
tufas Lu, 1737; loess in, 1738; fauna
of, 1741; proposed classitication of
fauna of, 1742; traces of man in,

1742; in Britain, 3746; in. France,
1748; in Germany, 1748
Paiaolithic implements, 1734*; carvings, j743*
Paheomanis, 1673

Paheryx, 1621
Pahestringa, 1539
Palagonite, 298

Palagonite-tuff, 241*, 242
Palaplotheriurn, 1592
Paleschara, 1239

Palmetto, 1597
Palms, fossil, 1523, 1589, 1616
Paludina, 1500, 1568, 1597, 1620,
1658, 1716
Panama Isthmus, marine fauna on two
sides of, 492
Panchet series, 1097, 1414, 1453
Pandanus, 1522, 1589
Pangshura, 1674
Pan-ice, 754

Punidiomorphic, 209, 210
Paniselian, 1604, 1606
PLflOlM*ML, 1316, 1630, 1633*,
1652*, 1712
Pantelleria, 289
Parabolina, 1220
Paraclase, 873

1634,
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Paracyathus, 160?
Paradoxides, 1205*, 1207:
descent of, 1089

supposed

Paradoxides group, 1209, 1213, 1220
Paragonite, 135
Paragonite-schist., 319
Parahyus, 1594
"Parallel Roads of Glen Roy," 713,
1704
Parainorphism, 135, 618

Pelagic deposits, 76
Pelecanus, 1674
"Pole's Hair," 380

Pelias, 1661
Pelites, 233
Pelitic structure, 184
Pelobatochelys, 1498
Pelorosaurus, 1532
Peltastes, 1553
Peltocaris, 1237, 1247

Paraprorouites, 1412
Parasmilia, 1526

Peltura, 1220

Parexus, 1326

Penartli beds, 1433, 1437
Pennant grit, 1379

Femphyx, 1427
Penus, 1427

Pareiasaurus, 1431

Parisian sage, 1611
Parka, 1316

Pennine, 141

Parrolia, 1669

Pentacrinus, 1448, 1460*
Pentamorus, 1240, 1241, 1258*, 1298
Pentamerus beds, 1241, 1256

Partnach Beds, 1446
Passes, origin of, 1783

Patella, 1493
Patula, 1668

Pentland Firth, tides in, 730, 752
Pentremites. 1344

Paurodon, 1516
Pea-grit, 263

Pearlstoue, 280
Peat, 250, 252; effect of pressure on,
531; marine, 802; growth of, 802;

rate of growth of, 804
Peat-mosses, 564, 802, 803*; entomb
ment of organic remains in, 1073;
human relics in,

1750; successive
vegetation in, 1750
Pebbly structure, 184
"Pebidian," 1186, 1213, 1214
Pecopteris,
1622

1351,

1397.

1425,

1457,

Peclen, 1411, 1428, 1439*, 1.462, 1528
Pecten asper-zone, 1544, 1551, 1558,
1604, 1617, 1634, 1655, 1711*

Pectunculus, 1598, 1633*, 1634
Pediomys, 1541

274; veins, 1170*;in
granite, 962, 964*
Pegmatitie structure, 175, 210
Pegmatite,

Pegmatoid structur¬, 271

Peperino, 242, 973
Peralestes. 1476
Peramus, 1476

Perched block, 225, 716
Peridot., 137

Peridotite, 300; of crystalline schists,
316
Periechocrinus, 1260
Perihelion, 38, 52, 53

Periinorphs, 120, 123, 126
Perisphinctes, 1465
Perlite, 280
Perlitic

structure,

180,

181*,

213*,

280, 884
system, 1393; rocks of,
1394; life of, 1396; volcanoes of,
343, 347, 348, 444, 1403 et seq.;

Permian

in Britain, 1402; in Germany, 1405;
in Bohemia, 1407; in the Vosges,
1408; in France, 1408; in the

Ibe-rian
peninsula, 1410; in the Alps,
1410; in Russia, 1412; in Asia,
1413; in Australia, 1415; in Africa,
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1415; in North America, 1416; in
Spitzborgen, 1417

Pliolidosaurus, 1534
Phonolite, 289

Permo- Carboniferous rocks, 1394, 1415
Perna, 1498, 1528, 1627, 1639

Phorus, 1656
Phosphates, 143, 219

Porsuonia, 1633

Phosphatic deposits,
1519, 1625, 1654
Phosphorito, 248

Pernostrea, 1506
Perouella, 1426

Persea, 1612, 1634
Persistent types of organisms, 1108
Pei'thite, 128
Peru, proofs of uprise of, 483
Peta1odus, 1347

Petalograptus, 1273
Petraia, 1237, 1261*, 1302
Petrifaction, process of, 618. 1080
Petrifyiug agents, 142, 618, 641, 1080
Petrography (Petrology), 111
Petroleum, 253, 401, 617, 998
Petrophila, 1588
Petrophryne, 1431
Petrophy lloides, 1588*, 1589
Petrosiliceous rocks, 271
structure, 211
Peuce, 1458
Phacops, 1239, 1261*, 1296*
Phalacrocorax, 1671
Phanerocrystalline structure, 174
Phaiieropleuron. 1320
Phasco[omys, 1614, 1675
Phaolotheri u w, 1476*

Phasganocaris, 1218
Phasianella, 1414, 1504, 1550
Phasianus, 1671
Pheuocrysts, 176, 270
Philippine Islands, volcanoes of, 429
Phillipsastrea, 1295, 1343

248,

827,

Phosphorus, 112
Phragmites, 1623, 1666

Phragmoceras, 1242, 1267*
Phtauito, 247, 1335, 1368
Phyllades do St. LO, 1193
Pbvllito, 237, 309; relation of, to clay
slate and mica-schist, 535, 543
Phyllocerns, 1445, 1464, 1488*, 1530
Phyllodus, 151,110
Phyllograptus, 1206, 1233*
Phyflopods, fossil, 1209, 1237, 1263
Phyllot1hcca, 1389, 1415, 1453
Physa, 1500, 1577, 1625
Pliysiographical geology, 20, 1752
Phytosaurus, 1433
Picoites, 1409
Pickwell-Down group, 1301
Picotite, 130
Piësoclase, 873
Pikrite, 300
Piloceras, 1036
Pilton group, 1301
Pinacites, 1299
Pinneoceras, 1429
Pine, fossil, 1648
Pinites, 1355, 1458, 1626
Piniia, 1391, 1,162, 1599, 1642
Piuus, 1522, 1599, 1623

Phillipsia, 1346
Phiebopleris, 1458, 1491

Pipe-clay, 234
Pisania, 1597
Pisidium, 1661

Pholas, 1637

Pisolitic limestone, 1566, 1582
structure, 185, 263

Phlogopite, 135
Phcinieites, 1616, 1633
Pholadomya, 1462, 1597, 1605, 1655
Pholiderpeton, 1359
Pholidophorus, 1438, 166

956,

Pisodus, 159'?
Pisolito, 263

Pistacite, 138
Pistacite-rock, 316
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Platysomus, 1400*
Plectrodus, 1242

Pitchatone, 283
Pitharella, 1597
Placer-works, 1048

Pleistocene, defined, 1583

Placoderms (fishes), 1242
Placoparia, 1238
Plagianlax, 1476*, 1541

Pleistocene

Plagioclase, 131
Plains, 84; ratio of, to valleys, 780;
of marine denudation, 785; origin
of, 1786

Plaistncian stage, 1664, 1665, 1667
Planer, 1569
Planera, 1639

Plane-tree, fossil, 1523, 1589, 1648
Planets, origin of, 23
Planolites, 1206

Planorbis, 1500,

1575,

1597,

1618*,

1619, 1639, 1658
Plants, geological inferences afforded
by, 492; destructive action of, 790;
conservative action of, 797; repro
ductive influence of, 800; caic-sin
ter

formed

by, 808; comparative
rate of evolution of terrestrial, 1097,
1111;
1098

geographical distribution of,

Planularia, 1485
Plasinopora, 1278
Plastic Clay, 1597
Plasticity of earth's interior, 106

deposits, 1678; general
characters, 1679; in Britain, 1710;
in Scandinavia, 1715; in Germany,

1715; in France, 1717; in Belgium,
1719; in the Alps, 1719; in Russia,
1722; in North America, 1723; in
India, 1730; in Australasia, 1731
Pleochroism, 171
Pleonaste, 130
Plesiarctomys, 1618
Plesictis, 1618
Plesiogale, 1618
Plesiosaurs as type-fossils, 1090; forms
of, 1432
Plesiosaurus, 1468, 1469*, 1535
Plesiosorex, 1618
Pleuracanthus, 1356, 1409
Pleurocystites, 1237
Pleurodictyum, 1295

Pleurograptus, 1248, 1252
Pleuromya, 1485
Pleuronautilus, 1451
Pleuroneura, 1409
Pleurotoma, 1590, 1617, 1637, 1657
Pleurotomaria, 1036, 1209, 1241, 1299,
1345, 1346*,

1398,

1463,

1466*,

1529, 1643

Platacodon, 1541

Plicatiou of rocks, 538-540, 1759, 1763

Platanus, 1597, 1623, 1649*
Platax, 1661

and metamorphism, 1137
Plicatula, 1485, 1552

Plateau-gravel, 1704
Plateaus, 83
Platemys, 1532, 1599
Plateosaurus, 1431
Plate River, sediment in, 650; mineral
matter dissolved in, 774
Plattelkohle, 1386
Platyceras, 1209
P]atycrinus, 1344

Platyschisma, 1241, 1415
Platysolenites, 1222

Pliocene, defined, 1583
Pliocene formations,

general charac
ters of, 1647; flora of, 1648; fauna,
1650; in Britain, 1653; in Belgium

and Holland, 1664; in France, 1664;
in Italy, 1666; in Germany, 1668;
in the Vienna basin, 1668; in
Greece, 1670; in Samos, 1672; in
India, 1672; in North America,
1675; in Australia, 1675

Pliopithecus, 1635, 1675
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Pliosanrus, 1469
Plocamium, 1234

Portage group, 1310
Porlheus, 1532

Plocoscyphia, 1552
Plum, fossil, 1648
Plulonia, 1205*, 1208

Portland Oolites, 1481, 1497
Portlaudiau, 1481, 1497, 1498, 1501,

Plutonic, definition of, 2718
-- action, 326, 930, 935

Posidonia, 1507

Plymouth limestone, 1301
Po, sediment in the, 649; plains of,
6(37, 776; delta of, 667, 678; area
of, 775; amount of material re
moved by, 715
Poacites, 1605, 1623
Podogonium, 1634, 16(39

Podozawites, 1425, 1458, 1522
Poëbrotherium, 1645
Poikiliiic, 1393
Polacanthus, 1532
Pohir diameter of earth, 31
Pollack, fossil, 1660
Pollicipes, 1550
Po1yco1ia, 1398
Polycotylus, 1580

Polygonuw, 1627
Polytuorphina, 1485
Polypora, 1344, 1398
Polypterus, 1321

1509, 1515

Posidonieu-Schiefer, 1510
Posidonomya, 1345, 1462, 1463*
Post-Pliocene (see Pleistocene)
Post-Tertiary formations, 1671
Pot-clay, 234
Pot-holes, 655, 122
Potaniides, 1591, 1618*
Polamogeton, 1529, 1634
Pot.amomya, 1620
Potassium, 112, 117

Potassium-chloride, 260
Poteriocrinus, 1344
Pothocitos, 1353, 1355
Potomac formation, 1522
Potstono, 316
Powder of rocks, examination of, 155
151
Prairie-dog, geological action of, '195
Proarcturus, 1324

Polyptychodon. 1535
Pomatograptus, 1236

Pre-Cambrian rocks, 1130, 1135; secti
meuts and volcanic masses of, 1136,
1157; homotaxis of, 1136; liability
of, to alteration, 1136; conversion

Porniubonites, 1240*
Porcelain-clay, 234
Porcellia, 1299. 1465
Porcellanito, 238

lithological characters of, 1144;
banded structure in, 1145; sedimen
tation of, 1157; limostones, cherts,
and ironstones of, 119; graphite
of, 1162; volcanic masses in, 1157,

Pompeii, volcanic phenomena at, 331
Popanoceras, 1399
Poplar, fossil, 1523, 1589, 1649
Populus, 1522, 1623, 1634, 1649*

Porcupine, fossil, 1651, 1700, 1739
Porospharia, 1557
Porous structure, 181

Porphyric structure, 210
Porpbyrite, 292
Porphyritic structure, 174, 116, 270
Porphyroid, 176, 317

of, into schists, 1137: nomencla
ture of, 1140, 1141; oldest gneisses
and schists of, 1144; sameness of

1164, 1186; traces of life in, 1160;
metamorphism of, 1164; chrono
logical value of, 116f); thickness of,
1186; of Britain, 1167; of Scandi
navia, 1188; of Finland and Russia,
1192

Pi'e-Cambrian topography, 1157, 1178
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Precession, 37, 61
Prehistoric Period, 1733

Protohippus, 1675
Protolycosa, 1357

Prelinite, 140

Prepecopteris, 1361
Present, the key to the Past, 16
Pressure, effects of, 90, 250; in
creases chemical action, 523; pro
duces consolidation, 529-531; pro
motes crystallization, 531; produces
schistose structure, 942
Prestwichia, 1346
Priacodon, 1516

Protopteris, 1397
Protopterus, 1320

Protosphyra3na, 1532
Protospougia, 1206, 1207*
Protostignia, 1234
Prototaxites, 1317

Protovirgularia, 1273
Protozoa, destructive action of, 797;
fossilization of, 1081, 1082

Pribram Shales, 1193

Protriton, 1401
Proviverra, 1592

Primary rocks, 1130
Primitia, 1237, 1249

Prunus, 1588
Psammites, 224

Primitive rocks, 1141
Primordial zone, 1201,

1212,

1225, 1283

Prionocyclas, 1576
Prismatic (columnar)

1220,

structure,

186;
artificial production of, 510; examples of, 882, 883, 884*; induced by
eruptive rocks, 993

Pristiograptus, 1236
Pristis, 1590
Procamelus, 1675

1298, 1345*,

1398*, 1412

Protus, 1239, 1297, 1346
Promephitis, 1671
Pronorites, 1413

Pseudocrinites, 1261
Pseudodiadema, 1461, 1527
Pseudoliva, 1590
Pseudomelania, 1489
Pseudonionotis, 1451

Psilocephalus, 1217
Psiloceras, 1513

ammitic structure, 184
Prauodonts, 1537

Propylite, 292, 400
Proscorpius, 1318

Pteraspis, 1242. 1320
Pterichthys, 1299, 1320

Prosphingites, 1451
Protachillamm, 1235

Pteridolei mma, 1522

Protaster, 1237
1627

Psaronius, 1317, 1397
Pseud-amusium, 1600

Psilomelane, 130
Psilonotus -zone of Ammonites, 1510
Psilophyton, 1234, 1317*

Prolecanites, 1299

Proteacea, fossil,

Psammobia, 1604, 1624, 1641
Psammodus, 1347

Pseudomorphs, 120, 123, 142, 618
Pseudosigillaria, 1362

Pristisomus, 1453
Productus,

1843

Pterinea, 1298
1521,

1600, 161'T,

Pterocera, 1503, 1560

Proternys, 1532
Proterosaurus, 1401

Pterocerian sub-stage, 1503, 1509
Pteródaetylus, 1470, 1535
Pterodon, 1592

Proterozoic rocks, 1130, 1141

Pteronotus, 1600

Protocystites, 1206, 1207*
Protogine, 277, 1192

P1erophyllum, 1397, 1425, 1458
Pteroplax, 1359
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Pterosaurians,

INDEX
1470*,

1471*,

1534,

1537

Pterotheca, 1241
Ptorozamites, 1458
Pterygotus, 1239, 1296*, 1321
Ptilodictya, 1239

QUADER, 1569

Ptilopltylluni, 1425
Ptychit.es, 1429

in, 521

Quartz-audesite, 290
Quartz -aphanite, 288

Ptychophyllum, 1231, 1261*
Pucldingstone, 229

Quartz-diabase, 295
Quartz-diorite, 287

Pullastra, 1421-::, 1428

Pulverulent rocks, 189
Pulvnlina, 1497
Piiniico,

283; basic, 298; proportion
of cavities in, 339; flotation of, 387,

758
Pitmiceous structure, 12, 283
Pupa, 1359, 1575, 1626, 163, 1653
Purheck beds, 1416
Purbeekian, 1481, 1499, 1509, 1512
Purpura, 1652*
Purpuroidea, 1493
P-cnodus, 1499, 1532
Pygasler, 1-161

in,

Pyripora, 1607
Pyrite, 144; as a petrifying agent,
1081

Pyroselilat, 253
Pyroxene, 136, 137, 513; conversion
of, into hornblende, 553
Pyroxene-andesite, 291
Pyroxone-granulite, 294
Pyroxene-rocks, 313

Quarlz-porphyry, 278
Quartz-rocks, 310
Quartz-schist, 310

Quartz-tracbyte, 219
Quartzite, 233, 311*;

origin of, 543
Quartzloss-porphyry, 285
Quartzose composition, 186
Quaternary formations, 1677
Queeiisborry grits, 1213
Quecuslan ci, pre- Cambrian rocks of,
1198; Pcrnio-Carbouiferous, 1390,
1-115; Jurassic, 1517;
1519; Tertiary. 1676

1006; pro-Cambrian rocks of, 1193;
Silurian, 1282; Devonian,
1307;
of,
1679
glaciation

Pyritous composition, 186
Pyromeride, 180, 281

Q

Qu-qua-versa1 dip, 889, 891
121, 126, 269; absorbent
Quartz,
power of, 520; liquid inclusions

PLy choceras, 1530
P1,ychodus, 1532
Pt.ychoparia, 1209

Pygopterus, 1400
Pvgurus, 1461, 1527
Pyrenees, con tact-metamorphism

Pyrrhotine, 145
Pyrula, 1599, 1634, 1655
Pythonomorphs, 1532, 1535

Quenstedtieeras, 1515
Quorcus, 1521*, 1522,
1632*, 1666

Cretaceous,

1599,

1624,

Quercy, Oligocene deposits of, 1625
Quiuqueloculiua, 1605
R
RABBITS, geological action of, 795
Radians-zone of Ammonites, 1507
Radiation-spectrum, 28
Radiolaria, earliest remains of, 1160
Silurian, 1235, 1300 note
Radiolarian ooze, 247, 826*
Radiolites, 1528
Raibl beds, 1446, 1448
RaikulI beds, 1276
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Rain, composition of, 65, 580, 582;
chemical action of, 680; action of,
in weathering, 50; mechanical ac
tion of, 599
Rainfall, effects of forests on, 794,
798; influence of variations of, on
sediment in rivers, 648; relation of,

to river discharge, 179; man's influ
ence on, 831
Rain-prints in rooks, 849
Rain-wash, 225, 599
Raised beaches, 484*, 485*, 486*
Rake-veins, 1061
Randanite, 128

Raphistoma, 1241
Rapids of rivers, 654, 663
Rapilli, 239, 340

Rastt'ites, 1233*, 1235
Rats, burrowing habits of, 795
Rauchwacke, 1395, 1406
Ravines, origin of, 662
Recent or
1732

post-glacial period, 1677,

Receptacuiltes, 1235, 1295
Recoaro Limestone, 1446, 1447
Red, as a color of rocks, 190

Red Crag, 1653, 1657
Redonia, 1239*, 1241

Reduction by organic matter, 585, 611,
165, 192
Regur, or Black Soil of India, 235, 801

Reifling Limestone, 1446
Reindeer, in the glacial period, 1700;
in post-glacial time, 1141*; Age of,
1142, 1748

Reniopleurides, 1238
Rensseleria 1298
Reptiles, Ago of, 1466
Requienia, 1527*
Resin, fossil, 1070

Resinous lustre, 191
structure, 178

Retepora, 1239, 1527
Retiograptus, 1245

Rotio1ito, 1236
Retzia, 1417, 1428
R&inion Isle (see Bourbon)
"Rovinion, Systeme," 1223
Revolution of earth, 36
Rhabdoceras, 1429

Rhabclopho ra, Geological Distribution
of the, 1235
Rhahdophyllia, 1497
Rhacopteria, 1389
Rhadinacanthus, 1320, 1321

Rhadinichthys, 1373
Rhctic group, 1433, 1437, 1440, 1446,
1450

Rhamnus, 1612. 1623, 1633, 1666
Rhamphocephalus, 1471*
Rhampliorhynchus, 1472*, 1473*

Rhamphosuchus, 1674
Rhine, mineral matter dissolved in,
641, 643; transport of gravel along
bottom of, 644; proportion of sedi.

mont in, 649; cause of milky tint
of, 653; gorge of, 658; shifting of
course of, at Schaffhausen, 662;
marine delta of, 678

Rhinoceros, 1618, 1629, 1634, 1662,
1699. 1140
Rhinolophus, 1618
Rhizocorallium, 1441

Rhizodus, 1347, 1348*
Rhizomys, 1614
Rhodanien, 1560
Rhodea, 1363
Rhodocrinus, 1344
Rhoinbopora, 1344

Rhone, rise of, 630; salts dissolved
in, 643; sediment in, 69; transport
of sand on bed of, 651; filtered by
Lake of Geneva, 655, 612, 684; ma
rine delta of,

617,

678; limestone
formed at mouth of, 160; area of
basin of, 715; amount of material
removed by, 775; glacier of, in
Pleistocene time, 1688, 1719, 1720
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Rhus, 1632*

Rhynchocephalous reptiles, 1401, 1430
Rhynchonella, 1240*, 1241, 1267*,
1298, 1344, 1428, 1461*, 1525*,
1527, 1652*

Rhynchosaurus, 1430
Rhyolite, 279
Rhyolito-glass, 282
Ribeiria, 1245

Riders (mineral-veins), 1054
Riebeckile, 136
Rill -marks, 849

Rimella, 1591*
Ringicula, 1655
Ripidolito, 141

Ripple-marks, 570, 848, 848*
Rissoa, 1640
Rita, 1674
Rivers, influence of earth's

rotation
on flow of, 36; sources of, 629; in
fluence of drought ou, 630; dis
charge of, 632, 775; influence of
man on, 635, 831, 832; flow of.

635; average slope and rate of [low
of, 635; affected by upheaval and
subsidence, 639, 670; chemical ac
(ion of, 639,

774; composition of
water of, 640; mechanical action
of, 6-13; transporting power of, 643;

influence of ice on, 647, 699; vary
jug effect of rainfall on, 618; p"o
portion of sediment in. 649; Uaus
port of sediment on beds of, 649
excLvating power of, 651; serpen
line curves of, 657; shifting of
cluLullels of, by glacial action, 662
reproductive action of, 663; former
greater volume of, 670; influence of

terrestrial movements on flow' of,
670; relation of, to lakes, 670; in
fluence of melted snow on, 703;
amount of material removed by,
715; slow rate of erosion by, 1673,
1710; PahoIit.hic alluvia of, 1736

River-gorges, origin of, 662
River-terraces, 669*, 670*, 1717, 1729,
1736
Robuliua, 1197
Rocellaria, 1517
Roches moutouuies, 121
Rock, definition of, 111
Rocks,

thermal resistance of, 97;
density of, ih solid and melted state,

104; determination of, 145; me
chanical analysis of, 155; exami
nation of powder of, 155; chemical
analysis of, 157; synthesis, 160;
microscopic

investigation of,
of,
characters

161;

megascopic
172;
structures of. 173; composition of,
185; gradations in composition of,
187; state of aggregation of, 187;
fracture of, 188; color and lustre
of, 189; feel and smell of, 191;

microscopic character of, 192; mi
croscopic elements of, 194; micro
scopic structures of, 208; classifi
cation of, 218; igneous, 219, 269,
928; aqueous, 219; metamorphic,
219, 222; stratified, 220; tinstrati
lied, 220; sedimenlary, 223; frag
mental, 223, 243; crystalline strati
fied, 258; massive. 269; effects of
heat on, 504, 608; contract in
from glassy to lithoid state, 516;
pass-jug

universal presence of water in, 511).
absorbent power of, 520; solvent
power of water in, 521 ; minor nip.
tures of. 530, 541; cleavage of, 53 1
deformation of, 535, 904; plication
of, 538, 894; jointing of, 540, 873;
metamorphism of, 542. 987, 1033,
113)5; underground water in, 605;
alteration of. by underground water,
618; inclination of, 886; eruptive,
in earth's crust, 928

Rock-basins, 594, 595*, 597; scooped
out by ice, 723
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Rock-crushing, heat evolved by, 506
Rock-crystal, 127
Rock-oil, 254
Rock-salt, 259
Rocking-stones. 593
Rocky Mountains, form of, 75; struc
tuie and upheaval of, 1768, 1769
Rogenslein, 262, 1441
Rohrbach's solution, 156

Roofing slate, 23'?
Roots, geological action of, 793
Rossberg, fall of, 629
RosIellaria, 1529, 1590, 1591*
Rotalia, 1525

Rotation of earth, 34, 46-48; effects
of, on flow of rivers, 36; effects of,
on ocean-currents, 577

Rotella, 1677

Roth (Trias), 1441
Rothliegende, 1406

Rothomagian, 1544, 1560, 1564
Rottenstone, 261
Rubellan, 135
Rudisten-Kalk, 1563, 1572
Rudites, 1528

Rupelian, 1626
Ruptures of rocks, 530
Russia, tundras and black earth of,
599; frozen rivers of, 647; Cam
brian system in, 1221; Silurian,
1274, 1287; Devonian, 1308; Carbouiferous, 1387; Permian,1412;

Jurassic,

1514; Cretaceous, 1572;
Pleistocene, 1722

Ruffle, 228, 231
S
SAARBRiJCKEN beds, 1385
Sabal, 1588*, 1616, 1630, 1639
Sabal, fossil, 1523
Sables moyens, 1603
Saccammina, 1235, 1342
Saceharoid, 209, 2.63

Sageceras, 1429
Sagenaria, 1234, 1304

Sagenites, 1449
Sagenopteris, 1425, 1568

Sahara, sand-wastes of, 572
Sahlite, 136
St. Anthony Falls, on Mississippi, re
cession of, 661
St. Oassian beds, 1446, 1447, 1448
St. David's, supposed pre-Oambrian
rocks of, 1187
St. Erth beds, 1656
St. Helena, (38, 432, 441
St. Lawrence River, filtered by Lake
Ontario, 656; ice on, 701; mineral
matter dissolved in, '774

St. Louis group (U. S. Carboniferous),
1391
St. Paul Island, 67, 429*, 432*
Sal ammoniac at volcanoes, 335, 389
Salenia, 1527
Sa]iferous composition, 186
Salisburia, 1588, 1599, 1643

Salix, 1521, 1605, 1623, 1649*, 1663,
1683*
"Salmieri, Systeme, ".J223
Salses or mud-volcanoes, 407
Salt, common, 144; deposits of, 259,
265, 694, 1229, 1232, 1288, 1309,
1395, 1404, 14.06, 1407, 1412, 1424,
1436, 1440, 1441, 1630, 1648, 1669,
1670

Salt Lake of Utah, 689, 694
Salt marshes, 763
Salt Range of Punjab, Cambrian rocks,
Silurian,
1229;
1289; Permian,
Trias,
1452
1413;

Salt-water, destruc.ive effects of, on
brackish water organisms, 1076; in
fluence of, on deposit of sediment,
646, 755; solvent action of, 74, 741,
742, 823

Salterella, 1209
Samos, Pliocene deposits of, 1673
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Samothetiurn, 1650, 1673
Sand, 226; abrading effects of, driven

by wind, 561-563; finer kinds of,
escape trituration in rivers, 652;

heavy minerals of ancient
in, 228, 1178
Saud, volcanic, 239, 340

origin

Sand-rivers, Livingstone on, 648
Sandhills, 568
Sandstone,

230, 319; weathering of,
591; changed into quartzite, 1011,
1014; prismatic, 993*; crystallized,
232

Saudstone 'i.likes, 965, 978
Sandwich Islands (see Hawaii)
Snuguinolaria, 1303
Sanguinolites, 1345
Sunidine, 131
S;uiithorium, 1674
Sansan,
1638

mammaliferous

deposits of,

Stfflonian, 1544, 1560, 1565
Santorin, volcanic phenomena of, 333,
334, 336, 341, 343, 353, 357, 361
369, 382, 385, 395, 419, 427*, 428
Saoue, rise of the, 630
S:ipindus, 1588
Saportau, 1416

S:trcophilus, 16]5, 1675
Sarinatian stage, 1640

Sarsaparilla, fossil, 1648
Sarsen-stones, 604
51W, 1225
Sassafras, 1521*, 1623, 1648
Satellites, origin of, 23; 25 note
Saturn, rings of, 23; density of, 24
Saurichthys, 1429
Sauropterygians, 1535
Saurosieruon, 1431
Saussurite, 133
Saussuritization, 1025
Saxicava, 1660, 1711*

Saxicavous shells, 796
Saxon Switzerland, 1569

S0 caglia, 1572
Scala, 1590

&alaria, 1658, 1659*
Scaldesian group, 1664

Scania, subsidence of, 489, 493; Cam
brian rocks of, 1220; Silurian rocks
of, 1277

Scandinavia, upheaval of, 488, 489;
subsidence of, 493; snow-line in,
702; glaciers of, 707*; metamor
phism in, 1030, 1191, 1279; pre

Cambrian rocks of, 1188; Cambrian,
1220; Silurian, 1277; Old Red
Saudstoue, 1331; Trias, 1442; Ju
rassic, 1514; Cretaceous, 1567; gla"ciation of, during Glacial period,

1684, 1690, 1715; dispersion of er
ral.ies fiotu, 1694; submergence of,
1701
Saphuspis, 1242, 1263, 1320, 1324
Scaphit.es, 1529*, 1530
Scaphognatlius, 1470W
Scapolites, 139
Scaur limestone, 1365
Scelidosaurus, 1486
Scenclla, 1209
Scenery, influence of weathering on,
594
Selialstein, 242, 1294
Schiller-fels, 294
Sculler-spar, 137
Schist, definition of, 183, 303, 304.
307; derived from eruptive rocks.
951; characters and origin of, 1014,

1037; supposed antiquity of, 1016;
most ancient, 1137, 1138
Schist, spotted, 1003, 1006
Schistose rocks, 222, 303, 1013; joints
of, 881

structure, 183, 303, 304*, 305*,
306; artificial production of, 526,
550; origin of, 1021
Schizodus, 1345, 1398, 1414
Sehizograptus, 1245
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Schizolepis, 1411
Schizoneura, 1414, 1425
Schizopteris, 1408
Schlerndolomite, 1446

Sehleswig-Holstein, bogs of, 805
Selilcenbachia, 1530, 1544
Selilotheimia, 1513
Schmicltia, 1222
Scion-rock, 228, 317
SchQrl-schist, 317
Sehrattenkalk, 1570
Schotter, 229
Seolithus, 1206, 1237
Scoriaceous structure, 181
Scorpions, fossil, 1243, 1269*. 1318,
1358*
Scotland, Tertiary volcanoes of, 341,
438, 442, 982; inverted Silurian
rocks of, 898; temperature of lakes
in, 683; force of waves on coasts
of, 734, 744, 146,

747, 751*, 752;
persistence of thin liniestones in,
860; volcanic dikes of, 965; necks
of, 972; granites of, 945, 946; con

tact-metamorphism in, 1004; region
al metamorphism in, 1036, 1167
1183; pre-Cambrian rocks of, 1167;
Cambrian, 1217, 1218; Lower Silu
rian, 1251; Upper Silurian, 1271;
Old Red Sandstone, 1324; Old Red

Sandstone volcanoes of, 347, 348,
443, 984, 1325; Carboniferous lime
stone series,

1370; Millstone grit,
Coal-measures,
1377;
1380; Carbo
niferous volcanoes of, 343, 348, 418,
443, 971, 971*, 973, 974, 980, 982,

984; Permian, 1405; Permian vol
canoes of, 343, 347, 348, 443; Trias,
1435; Lias, 1486; Oolites, 1497;
Cretaceous, 1558; Tertiary volcanic
series, 1622; glaciation of, 1684,
1686, 1690, 1712; submergence of,
1101
Scrobiculania, 1659

1849

Sea (see Ocean), density of, 69; com
position of, 70; transport of sedi
ment to, 681; tides of, 727; cur
rents of, 576, 130; distribution of
temperature in, 730; conditions of
deposit of sediment on floor of, 132,
156; circulation of, 733; waves and
ground-swell of, 134; geological
work of, 740; influence of, on cli
mate, 740; erosion by, 741; sol
vent action of water of, 74, 141,
742, 823; transporting power of,
154; deposition of sediment on floor
of, '732, 756, '758, 161; chemical de
posits from evaporation of water of,
695, 160, 823; preservation of or
ganic remains in deposits of, 1074;
destruction of marine life by, in
storms,

1075; poisonous effects of
fresh water in, 1076; effects of
earthquakes on, 472

Sea-bottoms, evidence of, 1085
Sea-dust, 513

Sea-level, determination of, 67; varia
tions of, 479
Sea-serpents, fossil, 1535
Sea-water, solvent action of, 74, 741,
742, 823, 1014, 1015
Sea-weeds, geological action of, 798,
800, 808, 1337
Seals in inland seas, 692
Seam or stratum, 831, 1127
Secondary minerals, 122
Secondary
1419

Rocks,

1130;

described,

Section in stratgraphy defined, 1128
Sections, exaggerated, in geology,
82
Secretionary structure, 184
Sedimentary deposits as measures of
geological time, 108
-- rocks, 219, 222, 836
Sedimentation
former

as

physical

an

indication

conditions,

of

836,
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natural cycle of,
pre-Cambrian, 1157

831,

869;

857;

Seeieya, 1401
See wenkalk, 1571

Segregated structure, 171
Segregation-veins, 122, 177, 274, 959,
963

Shear-structure, 538, 705,
1038

'107, 904,

Sheep, introduction of, 1745
Sheets, intrusive, 357, 398, 952, 978;
variations in composition of, 956:

effucts of, 957; connected with vol
canic action, 957

Seine, rise of the, 630; discharge of,
634; terraces of, 669

Shell-marl, 244

Seismic vertical, 41)6

Shell-inounds(Ejokken-nìödding), 1749
Shell-sand, 245

Selenacodon, 1541
Seuiioiiotus, 1429

Sheihiud, force of waves at, 744; gla
CiILL1OII of, 1685

Semi-rnetaUic lustre, 191

Sijineton sluLles, 1213

Semi-opal, 127
Senonian, 1544,
1565, 1569

Shingle, 228
Store-deposits, 761, 1074, 1075
Shorthorn, introduction of, 1145
Shrew, fossil, 1618

1556,

1558,

1560,

Sepia, 1465
Septarian structure, 185, 256*, 854
Seplarient.hou, 1501

Sibiritos, 145].

Seplastrtea, 1485

Sequanian sub-stage, 1503, 1509, 1513
Sequoia, 1522, 1588, 1617*, 1630,
1648

Serpentine, 136, 141, 150, 301, 314,
316, 619
Serpentinization, 1026
Serpula, 1324, 1485; protective influ
ence of, 799
Serpulites, 1248, 1344
Sericite, 135

deposits of, 672
Sézanne, lime.stones of, 1604
860

relative

persistence of,

Shallow-water deposition, proofs
839-853, 1754
Shaly structure, 185
shannon, average slope of, 637

Siderolites, 26

Sierra Nevada, old glaciers of, 1728;
upheaval of, 1769
Sigillaria, 1234, 1317, 1353*, 1397; as
a type fossil, 1090

aci&,

Sericitization, 1025
Series in stratigrnphy defined, 1128
Sestian stage, 1630
Severn, discharge of, 634; ostuarine

235;

Siderite, 122, 143, 266; as a petrify
ing medium, 1081

Silica (ilicic acid), 115, 118, 120, 122,
126, 127, 406, 825, 1078; in river
water, 641; dissolved by humus

Sericite-phyllite, 309, 319
Sericite-scliist, 319

Shale,

Sicily, sulphur deposits of, 1666;
thickness of Pliocene groups in,
161)7

of,

792, 811; whence obtained
by marine plants and animals, 756,
809, 828; introduction of, in con
as a
1011;
tact-meLimorp1iisin,
petrifying medium, 1080;
in rocks, 1519, 1525

soluble,

Silicates, 115, 130, 219; crystalliza
tion of, on sea-door, 770, 829
Siliceous composition, 186
deposits, 247, 267, 402, 807, 825,
856
schist, 311
Silicification, 1080
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Silicon in earth's crust, 112, 113, 114,
115
Sillimanite, 139; in contact-metamor
phism, 11182
Sills, 357, 398, 952, 978; variations
in composition of, 956; effects of,
957; connected with volcanoes, 957;
examples of, 953, 957
Silurian,

Primordial

Zone)

(see

Primordial

Russia, and Scandinavia, 1274; of
Western Europe, 1279; of Central
and Southern Europe, 1282; of

1287; of
1289; of Australia, 1289
Simocyon, 1611
imorre,
1638

America,

Snake River, lava-fields of, 436*
Snow, influence of, on climate,

55;
Just carried down by, 574; forma
lion of, '101; geological action of.
102

Snowfall,

greatest in Europe toward
the west in the Glacial period, 1684,
1688

Snow-ice, 258

Silurian system, 1229; rocks of, 1231;
life of, 1233; plants, 1233; animals,
1235; of Britain, 1244; of Baltic,

North

Srnilax, 1588

Asia,

mammaliferous deposits of,

Simosaurus, 1432
Sinemurian, 1508

Sinisian formation, 1229
Sinks, 624

Sinter, calcareous, 262, 622, 808
siliceous, 121, 267, 403, 406, 623,
811

Siphonia, 1523*
Siphonotreta, 1240

Snow-line, 102
Soda-amphiboles, 136
Soda-lakes, 697
Soda-truchyte, 289
Sodium, 112, 11'l; spectrum of, 28
Sodium-carbonale, native (trona), 411;

in lakes, 689; influence of, in pre
cipitation of lime-salts, 695

Sodium-chloride, 144, 259; in seawater, 70; at volcanoes, 335, 389;
in rain, 5811; in air, 582; in saline
lakes,

690*,

695; precipitated by
magnesium chloride, 695
Soffioni, 399
Soil, 225, 564, 801; formation of, 597;
varieties of, 599;
newal of, 600

Soil-cap, movement of, 601, 698, 889
Soissons, sands of, 1603
Solarium, 1428, 1529, 1550

Sirocco-dust, 573
Sivatherium, 1650, 1673*

Solaster, 1489

Skelgiil beds, 1270
Skiddaw Slates, 1249
Slag, 343

Soleuhofen

Siwalik group, 1673
Skeletons, fossilization of, 1078, 1019

Slaggy structure, 181
Slate, 235
Slickensides. 818, 910

Slides, preparation of microscopic, 161
Slimonia, 1239
Slyne, 877

Smaragdite, 136

removal and re

Solecurtus, 1655
Solemya, 1398
Solon, 1657
limestone,

1470,

1475,

1511
Solenopleura, 1209
Solenostrobus, 1588
Solfatara, 124, 331, 333, 346, 399
Solidification, contraction in, 104
Solomon Isles, upheaval of, 483
Solution by surface waters, 585
Solutions, use of heavy, 156
Solut-rian deposits, 1735
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Spiriferina, 1414, 1,428, 1462*
Spirigera, 1298, 1411

Solva group, 1215
Soniiinia, 1513

Spirocyathus, 1206
Spirorbis, 1344

Sonstadt's solution, 156
Sorex, 1662
Sowerbya, 1498

Spain, Cambrian rocks of, 1224;
Silu-rian,
1282; metamorphosed Trias
of, 1043
Si'alacotherium, 1476
Sparagmite, 233, 1191

Splendent lustre, 191
Splintery fracture, 188

Spatangenkalk, 1570
SpatunguM, 1626, 1646

Spathic iron ore, 143, 267
Species, diffusion of, 1096; non-reap.
pearance of, 1121-1123
Specific gravity of rocks, 154, 192
Spectroscope, applications of, 27

Speetou Clay, 1500, 1544, 1545, 1567,
1572
Spormophilus, 1682, 1739
Spherexochus, 1239

Spoudylus, 1526*, 1527, 1634
Sponges, supply silica to marine deposits, 825; fossil, 1206, 1235, 1426,
1525

Sporadocera, 1299
Spzing, iiitiuence of volcanic eruptions
on, 354; hot, 92, 402, 609, 617,
1766; influence of earthquakes on,

470, 471; give rise to deceptive ap
pearance of subsidence, 490; forma
tion of, 607*; temperature of, 609,
617; chemical action of, 611; kinds
of, 613; mineral, 614; calcareous,

Spherodus, 1532
Sphteronites, 1237

Sph[erosiderite, 256, 267
Spha3rospongia, 1248

ferruginous or chalybeate,
615; medicinal, 616; preservation
of organic remains in deposits of,
1074
614;

Spherulites, 1528
Spliagodus, 1242

Splienacauthus, 1348*
Sphene, 129, 139, 1026

Splienonchus, 1436
Splienophyllum, 1234, 1352, 1408
Sphetiopteis, 1317, 1349*, 1351, 1408,
1425, 1453, 1457*

Spheuozauiites, 1455, 1458
Spherulitic structure, 179*, 211
Spiders, fossil, 1357

Spindle-trees, fos8il, 1617
Spinels, 130

1298,

Sprudelstein, 262
Squalodon, 1614

Squirrels, fossil, 1593
Sachannu1aLia, 1353

Staclieoceras, 1399
Stage in stratigraphy, 1128
Stagodon, 1541
Stagonolepis, 1432
Stalactite, 262, 620*

Spilosile, 310, 1005
Spilsby sandstone, 1546

1297*,

ous rocks of, 1388: Permian, 1417;
Trias, 1451; Jurassic dora of, 1458;
Miocene flora of, 1643

Sparodus, 1401
Spars, 1053

Spirifer, 1240,
1398, 1411

Spitzbergen, action of frost in, 699!
recent uprise of, 482, 488; "Heckht
Hook" group of, 1332; Carbonifer

Stalagmite, 262, 620, 1073, 1731
Stamplait stage, 1624, 1630
Star-fishes, fossil, 1206, 1208*, 1237,
1296

1845*,

Stars, spectra of, 30
Stauria, 1237
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Stauroceplialus, 1252
Staurolite in contact- metamorphism,
1182
Staurolite-slate, 309
Steam

at volcanoes,

331, 336,

367,
373, 380, 385, 387; solvent power
of, 518

Stegodon, 1674
Stegosaurus, 1473
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Strata or beds, 837, 1127; alternations
and associations of, 857; relative

persistence of, 860; influence of at,
tenuation of, on apparent dip, 864;
time represented by, 865; chrono
logical value of intervals between,
869; ternary succession of, 869,
1459;

S teflaris-zone of Ammonites, 1508
Stellaster, 1489

of,

groups

superposition
873, 874

of,

870;
813;

order

joints

of

of,

Stenaster, 1248

Stratification and its accompaniments,
834

Steneosaurus, 1467
Stenopora, 1398

Stratified rocks, 220, 834
-- structure, 185, 834

Stephanoceras, 1464, 1488*, 1490*
Steppes, 692; eftloroscence products
of, 576
Stereognathus, 1476

Strebloceras, 1621
Strephodus, 1493

Stenotheca, 1209
Step-faults 924*

Stereorhachis, 1401
Sternborgia, 1403

Stigmaria, 1328, 1353*, 1354, 1354*,
1397
Stigmariopsis, 1360
Stilbite, 128, 140
Siiukstone, 261
Stockdale Shales, 1270
Stock-works, 1050, 1060
Slomechinus, 1506
Stone Age, 1733
Stone-rivers of the Falkland Islands,
601
1466,

Strepodtis, 1356, 1357*
Streptorhynchus, 1298, 1345, 1411
Stretching, effects of, on rocks, 1020,
1021
Striation

by glacier-ice,
slickeusides, 878, 910
Stricklandinia, 1240
40
Strike, 891, 895*

121;

by

Strike-faults, 911
Strike-joints, 877

Stoat, fossil, 1740

Stonesfield Slate,

Stratigrapical geology, 1120
Stratodus, 1532
Streaked structure, 178

1476,

1492,

1493

Stringocephalus, 1291*, 1298
Striugocephal us limestone, 1302, 1303,
1305
Stromatopora, 1295
Stromatopsis, 1610
Strombodes, 1231

Stroinboli, 344, 349, 352, 367

Storms, origin of, 556; destruction of
life by, in the sea, 1075

Strombus, 1634

Stoss-seite in glacial erosion, 1682
Strain-slip cleavage, 903

Strophalosia, 1304, 1398*
Strophites, 1318

Storm-beaches, '162

Stramberg limestone, 1513
Strand-union, raised beaches, shore
lines, 45, 484

Strontia-carbonate in
1603

Meudon

marl,

Strophomena, 1240*, 1241, 1261, 1298,
1411

Structure, influence of geological, in
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marine erosion, 750; influence of,
on topography, 1774

Struthlo, 167

Struthiolaria, 1646, 1677
Stylacodon, 1516
SLy1ocrnia, 1606
Stylodon, 1466

Stylolites, 537, 857
Stylonurus, 1239, 1324
Subaerial denudation, influence of, In
marine erosion, 749
Sub-Carboniferous rocks, 1391
Sublimates at volcanoes, 335, 389
Sublimation,

examples of, 129; experiments in, 517, 518
Submarine volcanoes, 424
Submerged forests, 489, 490*, 1084,
1799

S ii ljradiatus-zong of Amm.'nites, 1506
Subsidence, 476. 489; proofs of, 489,
859; causes of, 494, 517; at vol
canic vents, 395, 410, 415, 416;
produced by earthquakes, 472; from
underground solution, (323
-- necessary for thick marine

-

formations, 1077; generally
sedi-mentary
in excess (if upheaval, 1756
and deposition, 481, 496, 1077,
1339, 1756

Subsoil, 226, 598*, (3

Sub-stage, definition of, 1128
Suhulites, 1241
Succiiiea, 1626, 1658
Suessonian stage, 1611
Suez Canal, saliferous deposits near,
6'JG
Sulcuretepora, 13-14
SizIphates, 143; reduction of, 586
Suiph ides, 144; weathering of, 584;
reduced from sulphates, 765, 1407
of iron, 129, 144. 765
Sulphur, 112, 113, 116, 124, 586, 1629,
1666, 1670; at volcanoes, 335, 389,
399

Suiphuretted hydrogen. 124, 586, 616;
at volcanoes, 334, 389
Sulphuric acid, 116, 118; in rain, 581;
produced from sulphides, 584; at
volcanoes, 335
Sulphurous acid at volcanoes, 334
odor of rocks, 192
Sumach, fossil) 1648
Suinbawa, eruption of, 366, 369
Sumpter beds (Miocene), 1645

Sun, density of, 24; composition of,
28-30; attractive influence of, on
geological condition of earth, 46
Sun-cracks in strata, 849, 851*, 852
Sunlight, effects of, on minerals, 558
Sunshine, influence of, in weathering,
589

Superior, Lake, 684, 686; area of,
1727; terraces of, 1730
Superposition, order of, 873; law of,
1089, 1121
Sits) 1644, 1662
Swallow-holes, 624
Sweden, upheaval of, 489; subsidence
of, 493 (see under Scania and Scan
dinavia)

Switzerland, ice-barriers in rivers of,
648; lakes of, 671, 672, 682, 683;
river-deposits of, 671, 684; glaciers
of, 708; erratic blocks of, 716;
giants' kettles of, 722; contorted

rocks in, 899, 901; regional meta
morphism in, 1032; pro-Cambrian
rocks of, 1192

Carboniferous,
1443;
1512;
1609;

1033,

1386; Trias,
Jurassic rocks, 1035, 1509,
Cretaceous, 1569; Eocene,
Oligocene,

1627; Miocene,
of,
1(342; glaciation
16881 1705;
records
in,
1749
post-glacial
284
Sycuite,
Sylltumus, 1532
ymphysurus. 1278
Syrnplocos, 1599
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Synclines, 897, 897*; effects of faults
on, 92l
Synocladia, 1398

Syringodendron, 1360
Syringopora, 1236

"System," definition of, 1128
Szabo's flame-reactions, 159
T
TABLELANDS, 83, 1779
Tachylyte, 297
Ta3niopteris, 1397, 1425, 1457*
Talc, 136, 140
Talc-rocks, 315

Talc-schist, 315, 323
Talcose-schists, origin of, 1146
Taichir group, 1414, 1453
Talpa, 1662
Tancredia, 1493

Tangle of plants, protective influence
of, 797, 798
Tanne Graywaeke, 1306
Tapinocephalus, 1431
Tapes, 1633*, 1684
Tapirulus, 1618

Tapirus, 1618, 1665
Tar, mineral, 254
Tarannon Shales, 1255, 1257
Tasmania, series of Tertiary deposits
in, 1615
Tassello, 1610
Taunus, metamorphism in the, 1029
Taunus quartzite, 1305, 1306
Taunusien, 1305
Taxites, 1491, 1627
Taxociinus, 1237
Taxodium, 1623, 1648
Taxoxylon, 1627

"Tchernayzem" (Tchernosem) or black
earth of Russia, 235, 801

Tealby clay, 1546
Tegol, 1640
Teleosauru s, 1467
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Tolerpeton, 1430
Tollina, 1615, 1634, 1658,
,1589
s i n r o t a m l e T 1 1 1 1
Temnograptus, 1250
Temperature, zone of invariable, 93;
as an indication of the age of intru
sive

rocks,

94;
irregularities in
down ward increment of, 95; effects
of changes of, on surface-rocks, 559,
589

Teneriffe, 421*, 431*, 445
Tenorite at volcanoes, 336
Tension, effects of, 529
Tentaculites, 1241, 1298

Tenuilobatus-zone of Ammonites, 1502,
1503, 1513, 1516

Tephrite, 292
Teratosaurus, 1431
Terebra, 1634
Terebralia, 1618*

Terebratolla, 1493, 1527
Terebratula, 1241, 1344, 1345*, 1404,
1428, 1461*, 1525*, 1527, 1607,
1626, 1655
Terebratulina, 1527, 1667
Terebratulina-gracilis zone, 1544, 1554
Terebrirostra, 1527
Terra rossa, 596
Terrace-Epoch, 670, 1729
Terraces, of lakes, 685, 690*, 1729;
of rivers, 668, 1730, 1736, 1747;
marine (see Raised Beaches)
Terrigenous sediment on sea-floor, 758,
761, 1074, 1075

Tertiary systems, 1581
Tertiary time, geographical changes
in, 1584, 1608, 1645, 1656, 1668,
1669, 1676; changes of climate in
northern hemisphere during, 1585,
1586 (see under Climate); plant and

animal life of, 1586, 1587
Testudo, 1674

Tetraconodon, 1674
Tetracus, 1618
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Totradium, 1236
Tetragraptus, 1233*, 1236
Tetrapterus, 1599
Teudopsis, 1465
Textilaria, 1525

Tigrisuchus, 1431
Tilesl.ones, 1255, 1266
Till, 235, 725, 1691
Tillodonts, 1594
Tillotherium, 1594

Thalassoceras, 1399
Thames, discharge of, 633, 634; aver
age slope of, 637; mineral matter

Time, measures of geological, and age
of the earth, 107, 108, 865; clas
sification of rocks according to,

Thanet Sand, 1595

Tinoceras, 1595, 1596*
Tinodon, 1516

dissolved in, 642
Thamnastra, 1461

Thaumatopteris, 1442
Theca, 1207*, 1209, 1241
Thecia, 1236

Thecidium, 1485, 1527, 1567
Thecodontosaurus, 1,131
Thecosmilia, 1461
Thelodus, 1242
Thoriodont reptiles, 1431.
Theriosuchus, 1500, 1534
Thermal springs, 402, 609
Therutheriuni, 1618
Thinnfeldia, 1447
Thinolite, 697
Tholeito, 292
Thracia, 1500
Throw of faults, 912, 916
Thrust-planes, 900, 913, 1036*, llfl*,
1172*, 1175*, 1762
Thuju, 1627, 1666
Tliujopais, 1643

Tliuyites, 1458, 1522
Tliylacinus, 1676

Thylacoleo, 1676
Tiber, turbidity of, 679
Tidal wave, influence of, on earth's
rot;tion, 480; influence of form of
shores on, 730

Tides, influence

of, on rivers, 673;
amplitude of, '121, 128, 129; effects
of, on transport of sediment, 756
759

Tideless seas, 127
Tigillites, 1223

221, 222

Tirolites, 1416

Titanic iron, 129, 1026
Titanito, 139

Titanosaurus, 1548
Titanothefida3, 1636

Titanotherium, 1645
Tithonian stage, 1502, 1513
Toudsione, 1369
Toarcian stage, 1506
Toiigrian stage, 1624, 1626, 1628,
]630
Tongue, adhesion of rocks to the, 191
Tornoceras, 1299

Torquay Limestone, 1301
Torrents, average slope of, 631; eros
sive action of, 665
Torridonian rocks of Scotland, 1036,
1169, 1177
Tors of granite, 594*

Torsion, effects of, in rocks, 541, 542,
879
Tortonian stage, 1638, 1642, 1643
Tottornhoe Stone, 1554
Touraine, Miocene deposits of, 1638
Tourmaline. 139, 228, 231
Tourmaline granite, 271
Tourmaline-schist, 317
ToxaMtor, 1527
Toxoceras, 1529*, 1530
Trachyceras, 1429
Trachyderma, 1266
Ti'achyte, 288, 379
Trachytoid, 211, 271
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Trachyum, 1206
Trade-winds. 35, 57

fossils,

1090; earliest
1160, 1207, 1238

Tragnlohyus, 1618
Tragulus, 1674

Transition rocks, 1135. 1911, 1229
Transitorius-zone of Ammonites, 1503
Transversarius - zone of Ammonites,
1502
Trap-granulil e, 294
Ti-ass, 242, 337
Ticehomys, 1618
Trees, durability of stems of, 865; fos
sils in trunks of, 867
1216

Tromatosaurus. 1430
Tremolite, 135

Ti'iaeanthodon, 1476*
Triassic system, .1422; flora of, 1425;
fauna of, 1426; iii Britain, 1432; in
Central Europe, 1438; in Germany,

1439; in the Vosges, 1441; in
Scan-dinavia,
1442; in the Alps, 1442;
in Spitzbergen, 1.451.; in Asia, 1452;
in

Australia, 1453; in Now Zea
land, 1.154; in Africa, 1454; in
North America, 1454; metanlor

phism of, 1043
Triceratops, 1537
Tricheclius, 1659
Tricliites, 206

1465*,

1528, 1676

Trigonocarpus, 1355
Ti'igonodus, 1440

Ti'igonograptus, 1250
Trigonosemus, 1527

Trimerdila, 1278
Trinucleus, 1238*, 1277
Trionyx, 1575, 1621, 1674
Triplesia, 1240*, 12,11
Tripoli powder (Tripolite),
807

128, 247,

Tristicliopterus, 1321
Tciwn, 1641, 1655
Trivia, 1614
Trochammina, 1342
Trochitenkaik, 1440

Trococyatluis, 1526
Trocosmilia, 1526
Troctolito, 294
Trogoutheriurn, 1°59
Trona, 411
Trophon, 1652*, 1659*, 1711*
Tropidonotus, 1661

Tropites, 1.429

Trough-faults, 925

Tsien-Tang-Kiang, bore in, 729
Tubic..tulis, 1406
Tuedian group, 1369
Tufa, 2432; precipitation of,

in

salt-lake.
(Lake Lahontan), 697; of Paircolithic age, 1737, 1738
Tuffs, 238, 241, 331, 343, 417, 430,

Trichograptus, 1250
Triconodon, 1476*, 1516
1462, 1464*,

of,

Trochocystlics 1)ohemidus, 1 294
Troehus, 1241, 1267*, 1486, 1529,
1625, 1637, 1657

Trenton group, 1288
Tretoceras, 1257

Tridymite, 127
Trigonia, 1446,

traces

Trip riodon, 1541
Tristan d'Aeunha, 67

Travertine, 262, 622

Trernadoc slates, 1213, 1215

18-:57

Trilobites, 1204*, 1205*, 1207, 1224,
1238*, 1261*, 1296*, 1346; as type-

982; value of, as evidence of volcanic explosions, 983
Tuft-cones, 411*

Tulip-tree, fossil, 1523, 1648
Tundras of Siberia, 599, 692, 801
Turbinolia, 1607, 1627
Turbo,

1247,

1398,

1446,

1486,

1529
Turf, conservative influence

of, 797

Turneri-zone of Ammonites, 1483,1510
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Turonian, 1544,
1569, 1513

INDEX
1554,

Turrilepas, 1237
Turrilites, 1528*, 1530
Tiirri1ite-greensud, 1570

Turritefla, 1428,
1657, 1659

1486,

1560

1564,

taceous, 1574; Eocene, 1612; Oli
gocene, 1630; Miocene, 1645; Plio
cene, 1615; glaciation of, 1687,
1723

1590,

1637,

Turtles, earliest forms of, 1467
Tylodon, 1593

Types, persistent, in the organic world,
1083
Type-fossils, 1090, 1091
Typhis, 1617

Tyrol, Trias of, 1443, 1446; volcanic
rocks of, 1001, 1451
U
UINTA GROUP, 1613
Mountains, structure of, 1160
Tjintatherium, 1795, 1796*
Ullmannia, 1403

Ulmic acids, 583, '191
Ultnus, 1634, 1666

Ulodendron, 1353
Ultra-basic rocks, 300, 1138
Uneites, 1297*, 1298

Uuconformability, 852*, 864*, 1063,
1064, 1122, 1123, 1166

Unctuous feel of rocks, 191, 315
Undercliff, origin of, 627

Unstratified rocks, 220
structure, 185

Upheaval, 478, 482; proofs of, 481;
influence of, on river-action, 610,
1130; causes of, 479, 494, 517.:
supposed to arise from denudation,

481, 496; effected locally by con
version of anhydrite into gypsum,
588, 842

Uralite, 136
Uralitization, 1025
Uranus, density of planet, 24
Uraster, 1485
Urgebirge, 1138
TTrgneis, 113$
Urgouian, 1544, 1548, 1560, 1561
Uriconinit rocks, 1186
Droeordvltis, 1359, 101
Ursus, 1662
Urus, 1722
Utah, Great Suit. Lake of, 689, 694
Utica group, 1288
V
VALDANiONE of Ammonites, 1507
Vulengittien, 1560, 1510

Uugulatos, fossil, 1593
Utigulito grit of Russia, 1221, 1222
Uniformity in geological causation, 17
Unio, 1412, 1454, 1488, 1563, 1615,

Valleys, longitudinal, 80; transverse,
80; rate of excavation of, 781; an
tiquity of, 1773; origin of, 1783
Vaivata, 1500, 1624, 1661

lJnioiiolla, 1454
United States, volcanic phenomena of,
347, 348, 386, 402, 418; pro-Cambri
an rocks of, 1195; Cambrian, 1226;
Silurian, 1287; Devonian, 1309; Old

Vancouver
of, 1579

1619, 1669

Red Sandstone, 1332;
1390, 1391; Permian, 1416;
Carbonifer-ous,
Triag, 1454; Jurassic, 1515; Cre-

Valvuuina, 1342

island,

Cretaceous rocks

Vapors, volcanic, 330, 356, 388, 399
Varanus, 1671
Varians-zone

of

1551, 1663
Variolite, 295
Vectisaurus, 1548

Ammonites,

1544,
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Vegetation, terrestrial, transport and
deposit of by sea, 163, 766
Veins and dikes, 958; contemporane
ous, 11'?, 959, 962, 965*; segrega
tion, 111, 959, 963; intrusive, 959;
of granite, 275*, 277, 959; of lava,
357

Veins,

mineral,

1051; variations in
breadth, 1051; structure and con
tents, 1053, 1054; successive mliii
ing of, 1055; pebbles and shells in,
1056; connection with faults, 1056,

1057; relation to surrounding rocks,
1058; decomposition and recompo
sition in, 1059; origin of, 1062
Vein-quartz, 268
Vein-stones, 1053

Venaronsis-zone of Ammonites, 1507
Ventriculites, 1523*
Vents, volcanic, 432, 433, 969, 1311;
frequent independence of lines of
fault, 972

1859

Vicarya, 1548
Vicksburg beds, 1630
Victoria, 1588
Victoria (see Australasia)

Vienna sandstone, 1570, 1587, 1609
-- Tertiary basin, 1629, 1640, 1669
Viliafranchian group, 1666
Vincularia, 1344, 1527
Vines, fossil, 1617

Virgatus-zone of Ammonites, 1615
Virginian group, 1645

Virgulian sub-stage, 1497, 1503, 1509
Viridite, 218
Viscosity
105

of

earth's

interior,

101,

Vishnu therium, 1674
Visingso group, 1191
Vitreous defined, 119
lustre, 191
structure, 118, 270
Vitreous acid rocks, 281
Vitrina, 1615

Venus, 1528, 1631, 1666
Venus, density of planet, 24
Vermetus, 1606, 1665

Viverra, 1651

Vermilion series, 1196
Verrucano, 1386, 1410
Vertebraria, 1415

Volcanello, Isle of, 415*, 423
Volcanic action, 327, 34-4; sites of,
346; connection of, with faults,

Vermilia, 1344, 1485

Vertebrata, fossilization of, 1018; first
traces of, 1242
Verticellites, 1426
Verticordia, 1655

Vesicular structure, 181, 339, 387
Vesulian sub-stage, 1505
Vesuvianite, 138
Vesuvius, volcanic phenomena of, 334,
335, 336, 341, 344, 345, 347, 360,
352,353, 354, 355, 356, 360, 361*,
364, 366, 310, 371*, 372*, 375, 317,
381*, 383, 384, 385, 387, 388, 390,
392, 393, 395, 414, 417, 423*, 424,
426

Viburnum, 1522, 1606, 1623

Vivianite, 143, 1081
Viviparus, 1518, 1597, 1619
Volborthella, 1222

348; influence of atmospheric pressure on, 350; supposed connection
of, with sun-spots, 351; paroxys

mal phase of, 353; produces earth
quakes, 354, 473; gives rise to fis
sures, 355; influence of gases and
vapors in, 356, 389, 399, 410; geo
logical history of, 441; causes of,
441; subterranean phases of, 930,
946, 957; materials for history of,
933, 980; subsidence connected

with, 974; quiescence of, in Meso
zoic lime, in Europe, 981; destruc
tive effects of, on marine life, 1075;
connected

with

mountain-making,
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1766, 1769; terrestrial features due
to, 1710
Volcanic blocks, 239
-- breccia, 230, 240
chimney, effects of closing, 398
cones, 409

-

deposils, organic remains pre
served in, 1014
-- eruptions, pro-Cambrian, 1157,
1164; Torridonian, 1171; Cambrian,
.1202, 1213; Silurian, 1232, .1245,
1246, 1251, 1271, 1272, 1273, 1280,
1282, 1283; Devonian, 1294, 1300,
1301, 1302, 1307, 1312; Old Red

Sandstone, 1316, 1325, 1328, 1330;
Carboniferous, 1336, 1367, 1369,
1370, 1372, 1314, 1378, 1390; Per
mian, 1394, 1403, 1405, 1407, 1408,
1410, 1411 ; general absence of,
from Mesozoic formations, 1421;
Triassic, 1446, 1450; Cretaceous,
1575, 1579; Tertiary, 1584; Eocene,
1611, 1613, 1614; Oligocene, 1622,
1626, 1630; Miocene, 1646; Plio
cene, 1647, 1664, 1667, 1671, 1675,
1677; Pleistocene, 1100

fragmental rocks, 238, 935
islands and coral-reefs, 820
--necks, 433

products, 327
Volcano, Island of, 352, 378, 382, 399,
418*, 432
Volcanoes, as proofs of earth's internal heat, 89, 107; described, 321;
parts of, 329; active, dormant, and
extinct, 344; ordinary phase of,
349; conditions of eruption of, 349;
periodicity of eruptions of, 352,
353, 359; influence on springs,

354; hydrostatic pressure of lava
column in, 356, 313, 375; explo
sions of, 360, 373; showers of dust
and stones at, 363; lava-streams
from, 370; structure of, 409; with-

out craters, 415; cones of, 328, 368,
4UI, 414, 417; submarine, 424;
geographical and geological distri
bution of, 439; ire-Cambrian to

Tertiary, 442. 443; depth of source
of, 453; massive, 432
Vole, fossil, 1742
Volga, average slope of, 637
Volgian, 1515, 1572
Volkmannia, 1362
Voltzia, 1397, 1425, 1426*

Voluta, 1566, 1590,1591*, 1617, 1655,
1659
Volutalithes, 1591*
Volvaria, 1607
Vosges,
1006;
1705

in,
contact-metamorphism
ancient glaciers of, 1689,

'Vosgian, 1441
Vraconnien, 1560
VuIsella, 1602
w
WAAGENOOERAS, 1399
Wacke, 235
Wad, 130
Walisatch group, 1613
Wairoa series, 1.454

Waichia, 1360, 1397, 1436, 1458
Waidheimia, 1303, 1462, 1614, 1676
Walker's specific gravity balance, ) 54
Walnut, fos1l, 1523, 1648
Warminster beds, 1544, 1551
Water, vapor of, in air, 64, 578; comb
position of, 113; presence of, in
earth's crust, 118; influence of, in
volcanic action, 331, 336, 367, 373,
380, 385, 387, 450, 525; critical
point of, 332, 525; experiments on
heated, 519, 526; presence of, in

all rocks, 519; solvent power of, on
rocks, 591, 584; suspends solidifi
cation of rocks, 524; lowers the
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fusion point of bodies, 524; surface
action of, 578; forms of, 578; cir
culation of, 579; underground, 605;
soft and hard, 611; influence of,
indolornWzation,

546;

expands

freezing, 699
Waterfalls, origin of, 658, 661
Watersheds, 1781

in

Water-gas, 331, 356, 368, 373, 385,
450
Water-ice, 259
Water-level, changes of, 577, 682,734
Water-Lime group, 1288
Water-stones, 1434

Waves, generation of, 577; 734; height
and force of, 734, 744; depth of in
fluence of, '736, 756, 764
Wealden, 1544,

547, 1568

Weathering, indicated by effervescence
with acid, 588, 619; description of,
588; variations in rate and charac
ter of, 589; zone of, 792; of fossils,
11.14,1115; frequency of, 148, 987;
depth of layer of, 148; gives a clew

to composition of rocks, 149; exam
plea of, 127, 129, 130, 133, 134,
135, 137, 140, 141,

142, 144, 145,

158, 195, 217, 235, 277, 278, 301,
394, 584, 585, 619, 885; imitation
of effects of, 1117

Welding of rocks by pressure, 531
Welleukalk, 1440
Well,;,;, 608; Artesian. 609
Wemmelian, 1603. 1608
Wengen beds, 1446, 1448

Wenlock group, 1245, 1255, 1258
Shale, 1.255
Limestone, 1255

Werfen beds, 1446
Wesenberg zone, 1276
West Indies, upheaval among, 483
"Wet way" analysis, 161
Wetterstein Limestone, 1446
Weybourn Crag, 1653, 1660
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Whet-slate, 238, 102'r
Whin-sill, 955
White, as a color of rocks, 18
White Lias, 1433, 1437
White River group (Miocone,
1675

16459

"White-rock," or "White-trap," 997
Whittieldia, 1262
Wianamatta beds, 1454
Wichita beds (Texas), 1417

Widdriugtonia, 1625
Widclriugtouites, 1627
Wieda-shales, 1306
Williamsonia, 1458

Willow, fossil, 1523, 1569, 1589, 1617,
1649

Wind, velocity and pressure of, 557;
effects of, 561; transport of dust
by, 564, 568; diffusion of plants
and animals by, 575; influence of,
on water-level, 577, 682

Wolf, fossil, 1662, 1740
Wood, composition of, 252;
sion of, into lignite, 548

conver

Wood-opal, 128
Woolhopo limestone and shale, 1255,
1258, 1259

Woolwich
1597

and Reading beds, 1595,

Worms, geological action of, 598, 601,
794
x
XANTROPSIS, 1599

Xenodiscus (animonoid typo), 1414
Xenophora, 1656
Xiphoclon, 1618

Xylobius (milliped), 1357
Y
YAKUTSK, frozen soil at, 93
Yangtse, sediment in the, 650; rise of
bed of, 667
Yellow, as a color of rocks, 190
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Yellowstone Park, 402
Yew, fossil, 1589
Yoldia, 1712
Yoredale Group, 1365, 1369
Yorktown beds (Miocene, 1645
Ypresian, 1603, 1605
z
ZAMIA, 1452, 1491
Zamiostrobus, 1455, 1458
Zamies, 1425, 1458, 1522
Zanclean group, 1666, 1667
Zauclodon, 1431
Zaplirentis, 1237, 1343, 1343*

Zeebstein, 1395, 1406
ZeolitQs, 140; formed in Roman bricks
by warm springs, 622; as proofs of
alteration, 620; formed in abysmal
deposits, 768

Zetes-zone of Ammonites, 1507
Zeuglodon, 1612
Zircon, 139, 228, 231, 1178
Zircon-syenite, 285
Zirkiiitz Lake, 626
Zoisite, 138

Zones, pa1aontological, 1069, 1127
Zonites, 1359
Zoophycus, 1611
Zygosaurus, 1400

